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ABSTRACT

|

%htu study developed a total Emergency Health Care System Model that can be
used to study postattack problems in medical preparedness planning for a single
locality. The total model consists of two submodels and is capable of analyzing
medical system effectiveness, measured by survivors, as a function of medical
resources and their employment; e.g., triage, and treatment priorities. The
Immediate Effects Submodel analyzes the first 60 days immediately after attack and
is applicable to those casualties that survive the initial weapon effects. Casualty
types resulting from a specified attack and available medical resources (personnel,
facilities, and supplies) serve as input to this submodel. A prognosis based on
injury type, availability of appropriate medical personnel, and available medical
supplies is applied to these casualties. The number of deaths and survivers, along
with the utilization of medical supplies and personnel, are output.

The Disease and Chronic Conditions Submodel is designed to model the generatior
and effects of likely disease threats to survivors of the 60 day postattack period
throughout the ensuing yesr. _Using a mathematical model of infection, survivors
are subjected to the risks of ngoming infected by one or more of 16 communicable
diseases. A prognosis function based, in part, on the availability of medical
staff and supplies required to treat each disease is then applied to the infectives.
The model output specifies the number of fatalities and the consumption of medical
resources by five-day periods for each disease.

A case study for the total Emergency Health Care System Model was made of the
postattack health posture of New Orleans, Louisiana. The hypothetical attack was
a surface burst by a 1.5 MT thermonuclear weapon approximately 9 miles south of the
center of the city (population of 1,002,000). The results of the one year postattack
period for the New Orleans case study indicate that relatively unlimited resources
have little effect (few preventable deaths) on the magnitude of deaths among direct
effect injured. However, large numbers of epidemic deaths are preventable in the late
postattack environment. Since these preventable deaths are highly depend+ut upon
medical resource availability, the importance of preattack medical resource planning

and stockpiling of supplies is indicated.
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Chapter 1

Summary

T. INTRODUCTION

A. General

This research, conducted for the Public Health Service (Office of Civil Defense
Work Unit 3432A) under Contract No. PH 110-67, was directed toward the development
of a total Emergency Health Care System Model that can be used to study and evaluate
the nuclear postattack health posture of a single locality. This total model consists
of two submodels and can be used in medical preparedness planning for a single
locality; i.e., a town, city, or county. It is capable of analyzing medical
system effectiveness, in terms of survivors added as a function of the availability
and employment (triage and treatment priorities) of mediral resources (facilities,
personnel and supplies).

The first submodel, th Immediate Effects Submodel, simulates the first 60 days
immediately after the attack and is concerned with the handling of casualties
that gurvive the initial weapon effects. Casualties classified by injury type for
a specific attack, along with a list of medical resources available in the target
area, are put into the submodel, a treatment priority is established, triage is
performed, available medical resources are applied, and a prognosis of continued
survival or death 1is derived. Output from the submodel includes the number of deaths
and survivors and the utilization rates for medical supplies and personnel.

The second submodel of the Total Emergency Medical Care System Model is the
Disease and Chronic Conditions Submodel. This submodel provides a simulated study
of the probable generation and effect of communicable diseases among the survivors
from 30 days to one year postattack. Using a prognosis function based on a
mathematical model of infection and the availability of required medical resources,
the model simulates the treatment of infe.tives and specifies the consumption rate
of medical resources, by five-day periods, for each disease.

The Total Emergency Health Care System Model is written in FORTRAN II and
occupies approximately 13,000 words of memory. This program was specifically
designed to work on the National Civil Defense Computer Facility's CDC 3600,
but it can be processed on any computer with a FORTRAN II Compiler and 13,000 words
of core storage available. Segmenting of the program into the Immediate Effects
Submodel and the Communicable Diszease Submodel results in division of the program
into two parts of approximately 8,000 and 5,000 words, respectively.

This report consists of 4 chapters and 13 appendices. Chapter 1 contains an
introduction to the study and a summary of the study results, The simulation model

of emergency medical care in the immc.diate postattack period is described in

1-1




Chapter 2 and the late postattack or communicable disease perlod in Chapter 3. The
results of a case 3tudy in which casualty and resource data for the city of
New Orleans were processed by the Total Emergency Health Care System Model are
nresented in Chapter 4.
B.  Background
A postattack medical preparedness program must take into consideration the
stockpiling of essential medical supplies, establishment of Packaged Disaster
Emergency Hospitals, training of professionals and non-professionals in emergency
medical care, triage, etc. The number and complexity of variables associated with
these various phases of health planning programs indicates the need for developing
new and more powerful methods for studying and evaluating medical preparedness.
The initial phase in the development of such methodologies began in 1965 with
the initiation of Public Health Service Contract No. PH~-86-65-46, Review and

Evaluation of the National Health Preparedness Program. Research under that contract

examined the nuclear postattack period in terms of a 60-day "immediate nuclear
postattack period" aund a "late nuclear postattack period" (up to one year). A computer
simulation model was developed to study alternative medical strategies in the immediate
postattack period. Work related to the late postattack period was primarily directed
towards identifying specific diseases most likely to be probleratic and towards
development of preliminary estimates of the magnitude of the disease problem in the
postattack environment. However, because of the preliminary work performed under this
initial contract, and the need for further study on the simulatiocn model and the late
postattack disease problem, only a summary report from that research was published.l/
That repert, which had limited distribution, did not contain the details of the develop-
ment of the model input data and other data concerning communicable and chronic disease

and emergency medical planning.

Hallan, J. B., J. L. Colley, W. L. Wells, R, S. Titchen, C. N, Dillard, and
A. V. Alhadeff. Review and Evaluarion of the National Emergency Health
Preparedness Program - Final Summary Report, R-0U-209. Recearch Triangle

Park, N, C.: Research Triangle Institate, 30 Lovember 1966.




II1. OBJECTIVES AND SCOPE OF WORK

The broad objective of this research was to continue the development of the
simulation model capabl: of ctudying in depth the cost and effectivenss of alternative
strategies for providing medical care and medical support under various postures of

nuclear postattack health situations. The model design was aimed at suitability for

analyzing medical gystem effectiveness measured by survivors, for a range of attack
conditions, as a function of:
1) medical supplies,
2) medical personnel,
3) medical facilities (including Packaged Disaster Emergency Hospitals), and
4)  doctrine of total system employment (triage and treatment priorities).
Detailed objectives ~f both submodels of the Total Emergency Health Care System
Model are described in Chapters 2 and 3; specific tasks associated with developing
this model under Public Health Service Contract No. PH-110-67 are:
1) The casualty simulation phase cf the model should extend to at least
60 days postattack ineluding estimation of prognoses data and treatment
requirements for radiation injury. Radiation injury is to be convidered
an initial effect even though dose accwnulation may extend to several
days or weeks. Since cther ccwtemplated studies will consider the added
insult of radiation injuries in combination with mechanical trawma and
burns, the model should be so constructed as to accept this potential data.
2)  The disease and chronic conditiore phases of the emergency health syetem
should cover all initial effecte survivors (injured and wninjured) and
earry them forward to one year postattack. This phase includes the seler-
tion of the parameters for the 16 diseases selected for further study as
outlined in Table XVI of the Final Report prepared wnder Contract
PH 86-65-46 and estimation of upper and lower bounds on the parameters to
Le studied. Disease propogation models must be programmed for computer
solut.ov and disease caseloads must be generated under a variety of
asswnptions. The model should provide for acceptance at a later date of
data relating to possible synergistic interaction between initial injury
and later disease.
3)  The model should be adaptable to the generation of nationally applicable
information.
4)  The measure of system effectivenese (output) should coneider only

survivors and deaths.
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5)

6)

7)

Th. model should be eo constructed as to utilize a full range of

res..urece aquailability values frem minimal to maximum.

One (1) case study shall be performed for (1) city as approved by the
Project Officer and using Public Health Service supplied data in a
mitually agreeable format consigtent with the input parameter requirements
of the model within one (1) month after request by the Contractor but ro
later thon eight (8) montns after effective date of the comtract.

The model should be adapted to account for complete and full time
uttlization of medic:l persommel at thoce times and places where their
efforts would be most effective.

Al
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III. MODEL FORMULATION

The approach of the work reported herein was to consider the immediate and late
postattack problems capable of being studied with a single Total Emergency Health
Care System Model. This model encompasses as submodels the previously developed
Immediate Effects Model (wi*h modifications and expansion) and a second model dealing
with disease and chronic conditions (developed under the currer* contract). These
submodels cover: (1) the immediate nuclear postattetk period; and (2) the time, up
to one year after the nuclear weapons attack, during which the surviving population
will be faced with probiems of diseases and chronic conditions that partly result
from the attack and are complicated by a disrupted postattack environment. Figure 1
represents the overall flow and the functional relationships of the Total Emergency
Health Care System Model. Details of the approach will be found in Chapters 2 and 3.

In the Immediate Effects Submodel, casualty types resulting from a specified
attack are treated by the medical resources (personnel, facilities, and supplies)
according to predetermined rules of triage or treatment priorities. The resources
may be varied through input data to test the impact of the level of medical stock-
piles, Packaged Disaster Hospitals, etc., on the measure of system effectiveness
(survivors added by the emergency medical system). Secondary output, available at
the option of the user, includes the utilization rate for medical personnel and nther
specified resources. The simulated community consists of several geographical areas
called grids. For the purpose of the model, ome of the grids (the hcspital grid)
contains the total hospital capability of the community; the others contain emergency
medical treatment centers. Casualties originate in all grids. A treatment table,
consisting of prognosis data, treatment time for injuries, and priorities, is stored
in the computer's memory. The table is consulted and available resources applied
to casualties (in batches) in order of their preassigned priorities for treatment.
Provision is made for the treatment level to be altered depending upon the availability
of personnel. The appropriate prognoses are applied to the injured, deaths and
survivors are estimated and recorded, and available resources are depleted. The
noan-hospital grids are processed first, then the hospital grid, and finally, transfers
to the hospital grid from the non-hospital grids. CGrand totals for the run are
prepared and printed out as well.

The Disease and Chronic Conditions Submodel is designed to model the generation
and effects of likely disease threats for a period of about one year postattack.
Beginning approximately 30 days postattack, survivors of the Immediate Effects Phase
are gubjected to the risks of becoming infected by one or more of 16 communicable

digeases, using a mathematical model of infection. Remaining medical resources are
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then applied to the diseased persons, and the health impact created by alternative
allocations of the medical stockpiles among the two submodels (Immediate Effects
and Digsease and Chronic Condition) can be tested by varying the input for these
resourceg. The impact of radiation can be tested by varying the susceptibility to
the 16 diseases and the impact of the emergency situaticn can be tested by varying
the intensity of person-to-person contact. A master contro! card specifies the
environmental impact common to the various parameters for each disease. A disease
table specifies these parameters for each disease under preattack conditions. The
model output specifies the number of fatalities and the consumption of medical re-

sources by 5-day periods.




IV. CASE STUDY

New Orleans, Louisiana (population 1,002,000) was chosen as the test city for
the Total Emergency Health Care System Model and the hypothetical a.tack was a
surface burst by a 1.5 MT thermonuclear weapon approximately 9 miles south of the
center of the city.

The number and type of injuries expected as a result of the 'test case' were
obtained by using casualty data from a READYz/run and the latest Dikewood injury
curves.é/ Medical supply data were furnished by the Public Health Service and
numbers of physicians were supplied by the Office of Civil Defense.

Three simulation runs through the model provided a means of evaluatiig the
postattack health posture of New Orleans (in terms of survivors added) under three
assumed levels of medical resources (medical personnel and supplies); i.e., none
available, "best" estimates of what would be available, and the required amount for
treating all injured at the preferred treatment level (surgeon team level, physician
level, allied medical personnel level, or no-treatment level).

Conclusions regarding the findings of the New Orleans Case Study reported in
Chapter 4 are as follows:

1)  Sophistication of existing medical support systems appears to have little

effect in terms of additional survivors during the first 60 days postattack.
With the best estimates of the medical resources available in New Orleans,
fatalities resulting from the processing hy the Immediate Effects Submodel
were estimated to be some 48 percent (1853,000) of the input caseload
(approximately 387,000 people injured by the weapon, either by fallout and/or
by direct effects). Processing the model with zero medical resources and
total amount for the casualty caseload resulted in 49 percent (188,000) and
47.5 percent (184,000) fatalities, respectively, among the input caseload.
Note, however, that better than 90 percent of the fatalities in the

New Orleans test case were due directly or indirectly to fallout and

medical care did not affect the subsequent deaths. Thus, the conclusion

of this case study was that the medical system was not a factor since an
expanded medical system would be able to decrease deaths among the

initially surviving injured by only 2 or J percent.

2/ National Rescurce Analysis Center, Offf.e of Emergency Planning, READY 1:

Summary Anslysis, Category Hi™, New (rleans SLA With Terrain shielding
(unclassified). Washington, D. C.: Executive Office of the President.

- Davis, L. Wayne, et al. Trediction cf Urban Casualties and the Medical Load

From » ngh-Yteld-ﬁu?Tenr Burst. Albujuerque, N. Mex.: The Dikewood
Corporation, December 1967,
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2)

3)

Medical resources become far more critical in the late postattack period
for the nine likely disease threat. in the New Orleans area. The results
of the Disease and Chronic Conditions Submodel, using maximum, available,
and minimum medical resources, indicate that deaths from disease among the
population surviving the first 60 days postattack were 2 percent, 4
percent, and 35 percent, respectively.

The critical nature of the medical resource problem implies that careful
deployment and prudent conservation are needed in the postattack period

if the devastating impact of disease threats is to be minimized.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusjons

An operational two phase simulation model ~f the nuclear postattack total
emergency health care system capable of eramining the postattack period out to
one vear has been developed and tested. The Total Emergency Health Care System
Model provides a flexible tvol for examining in detail the health and medical care
problems likely to exist in the immediate postattack period due to the direct effects
casualties (Phase 1) and in the late postattack period because of disease and
chronic conditions (Phase 2). The model is currently capable of studying problems
in areas as large as a metropolitan area.

Injured casualties serve as input to Phase 1; Phase 1 survivors and the uninjured
population are input to Phase 2. In both instances a range of medical caseloads
(injuries, radiation casualties and disease victims) and resources (personnel,
supplies and facilities) can be used i{n the model. Model output allows examination
in detail of personnel and medical sup;ly utilization. Postulated alternative systems
can be compared in terms of survivors added by various strategies.

B. Recommendations

Based upoun the findings of the current study, it is recommended that further
research in this area be continued to (1) improve the existing Total Emergency Health
Care System Model, and (2) to develop an ippropriate model for study of large geo-

graphic areas.

1. Improvements to the Existing Emergency Health Care System Model

a. Input Data Generators

The existing Emergency Health Care System Model is hampered in {ts
application because of the time and effort required to prepare the necessary
detailed casuaity and medical resource input data. This problem can be
overcome by the development of ifuput data generators for casualties and
medical resources. Input data generators are in effect computer programs
which facilitate preparation of complex data for ultimate use in a
separate model.

Currently, cvasualty {nput data for the model must be hand generated
from existing vavualty assessment programs to provide detailed {njury
estimates by geographic location. This oparation is tedfous and hampers
applicaticn of the model. It appears feasible to develop a computer
program to prepare output data from existing damage ansessment programs

for use as direct inputs to the Total Emergency Heaith Care System Model.




The existing model also requires detailed Information concerning the
existence and location of medical resources including facilities,
rersonnel and supplies; presently ‘nere is no single source which can
provide such data. It does app. °r, however, that by accumulating certain
basic medical data concerning a given uetrupolitan area, the rescurces
of that area and the damage from a range of nuclear attacks to those
resources may be synthesized by a ~cmputer program into a form usable by
the model.

Accordingly, it is recommended that future work include the development
of casualt: and medical resource input generators to facilitate further
study and application of the model.

b. Measures of Effectiveness

There are many practical and conceptual problems surrounding the use
of measures of effectiveness in computer simulation models. While such
measures are obviously needed to measure system response to various situations

being depicted by the model, they are usually incapable of fully describing

o
*

the response. The effectiveness measure of the current model is that of
simple survivors aund fatalities thait are produced by the system. It is
a gross but nonetheless effective measure of the ability of the system to
handle complex interaction of demands and r: “ces.

It follows that having once determined the number of survivors which
may result from a given system, consideration should be given to the
quality of survivorship. It is, therefore, recommended that appropriate
measures be examined which are capable of describing the survivor in terms

of productivity, efficiency, and disability in a postattack period.

(2%
.

Development of an Aggregate Health Care System Model

The current Emergency Health Care System Model is designed for a single
city application and is not necessarily directly applicable to studies of larger
geographic areas, such as those of a state, regional or national scale. This
is due primarily to the necessary assumption that all hospital capabilities are
located in one "grid;" i.e., the smallest geographic area in the simulation.

For c¢xample, {f . state were analyzed, one Standard Location, city, or

county would be assumed to contain all hospital facilities. The validity of

this assumption relative to transportation of casualties v hoapital facilities

is questionable when an area larger than a city ‘s sim-iz*ed.




The methodology and implications of the current model may not be appropriate
for ztudies of a state, reglonal or national basis even if the current model
was "scaled up" to evaluate such larger geographic areas. Thersfore, it is
recommended that a complete and independent analysis be made within the
existing state-of-the~art of the possibilities of modeling the postattack
health and medical problems for geographic areas larger than a single city.
Such a study should include development of parameters important to national
survival and individual impiications of a city by city 2nalysis integrated

into a study of larger geographic areas.
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Chapter 2

Immadiate Effects Submodel

I. INTRODUCTION

In the eariier study, a model was programmed and debugged which can be used to
determine the effectiveness of alternative medical support systems ir the first 30
hours of the postattack period. This model did not account for the continuing load
placed aon the system by medical care following the initial treatment. The Immediate
Effects Submodel developed under the current contract was improved and is capable of
describing all essential elements of a medical support system osut to a period oi 6C
days postattack. It is capabie of examining the final prognosis of the direct
effects and radiation casualties using varving levels of medical resources; i.e.,
maximum, estimated available, and zerc numbers of medical personnel and supplies.

The submodel simulation program operates in the following manner. A community
is considered to consist cof several geographical areas called grids. One of the
grids is the hospital grid; i.e., it contains the total hospital capability of tue
community. A treatment table, consisting of prognosis data and treatment times for
the injuries that are to be considered in the simulation run, is input intc the
computer's memory. Available resources for the particular area under study are
applied to the casualties in the order of their preassigned priorities for treatment.
Provision is made for the treatment level to be alterad depending upon the availability
of personnel. Based ~n the level of available medical resources, the appropriate
prognoses are applied to the injured, estimated deaths and survivors are recorded,
and the available resources are allocated. Each grid is processed using resources
within the grid snd then transfers of selected casualties are made to the hospital
grid from the non~hospital grids for processing. Casualties surviving at the end
of 60 days, as well as non-injured survivors, are input for the Pisease and Chronic

Conditions Submodel.




11. SUBMODEL INPUT AND OUTPUT DATA

A.  General

The Immediate Effects Submodel describes all essential elements of a medical
support system in a single locality, such as a city or county. In this simulation,
the measure of effectiveness of the medical suppori system was taken to be survivors
added by the medical system. The inputs are the casualty types and numbers resulting
from a specified attack and various levels of medical regources (personnel, facilities,
and supplies); the output is survivors. Another practical output, at the option of
the user, may include utilization of medical personnel, and other specified resourcesl/
(e.g., hospital facilities and pharmaceutical supplies).

Figure 2, Basic Inputs and Outputs of the Immediate Effects Submodel of the

Total Emergency Health Care System Model, summarizes the planner inputs needed and

submodel outputs which are provided. These are discussed in detail in the following
sections.

Immediate Effects Survivors and Non-survivors
Casualty Spectra | o __
{Injury Types and Chronological Allocation of
Numbers) Medical Resources
Inventory of Health Imnediate Identification of Resource
Resources (Human and _— Effects 3 Utilization and Medical
Non-human) Submedel Resource Bottlenecks

————————————— to 60 days) el i T

Treatment and Prognosis Comparative Analyses of Medical
Parameters (Including Resource Allocation Rules

Triage) and Triage

Fig. 2. Basic Inputs and Outputs of the Immediate Effects Submodel.

A glossary of terms used to describe the essential items and events of this
submodel will be found in Appendix A,
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B.

input Data
1. CLasualty Lcad

The injury caselcad is prepared m: nually for input to the model. Each
injury is defined in sufficient detail tc allow specification of care require-
ments and prognoses under a variety of treatment options, as described further
below.

lc was originally anticipated that detailed information w~+1d be available
for input data from ongoing studies concerning specific “ypes of injuries as a
function of shielding and weapon parameters. dowever, these studies were not
sufficiently advanced to provide the required data during the course of this
stud;.

Fc1 case studies with the model, injur; data are developed using a
postulated burn and mechanical injury spectrum, Dikewood casualty curves,zj’ 3/
arnd assumptions regarding resident construction and population. Protection data
(shielding posiure) and the populaticn data base are developed from conventional
sources (National Fallout Shelter Survey, U, S. Bureau of the Census Data, the
OCD Five~City Study, Community Shelter Plans, etc,). An example of injury data
preparation for processing by the model is contained in Chapter &4 and Appendix D,

2. Medical Resources

Estimates of surviving medical personn:l and supplies are also prepared
manually by the user through the application of damage assessment techniques
to preattack personnel and supplies. An example of this is also contained in
Chapter 4,

3. Prognoses

A medical prognosis is required for each injury, The prognosis is an
estimate of the probability of death from an injury as a function of both the
kind of treatment employed and the time delay before treatment. Prognosis

data estimates for the injuries used in the model are presented in Appendix B,

Numerical values were estimated by Dr., Warner Wells of the University of North
Carclina School of Medicine.

Davis, W., et al. Development of Typical Urban Arcas and Associated Casualty
Curves. Albuquerque, N, Mex.: The Dikewood Corporation, 1965,

Davis, W., et al. Prediction of Urban Casualties amediate Effects of
a Nuclear Attack. Albuquerque, N. Mex.: The Dikewoou oration, 1963,




The proguosis for each injury as a function of time takes the general

form iilustrated in Figure 3,

P No Formal Treatment
Probability
of Death (P
( d) P,
0 I 1 TIME
0 T, T
im max

Fig. 3. Injury Prognosis

As can be seen, the prognosils function is composed of three segments:

(1) time zero to T during which a specified treatment is maximally effective

im’
and probability of mortality is lowest; (2) Tim to Tmax’ during which the

prognosis steadily decreases; and (3) beyond Tmax when the probability of death
with treatment equals that with no treatment (typically Tmax =2xT

im)'
4, Preferred and Actual Level of Treatment

Several "levels" of treatment are available in the model. These include

surgical teams, physicians, allied medical personnel, or no-treatment.

One of these defined levels of treatment is specified as the "preferred"
treatment for each injury type (see Appendix B). The preferred treatment is
the lowest level which will not greatly reduce the chances for survival of the
injured person,

Avallability of perscunel and supplies affects the actual treatment provided
to the injured in the model. Thus, it was necessary to establish as input a
table of the dccisiscn rules and alternative prognoses for various treatment
options for each of the lajury types congsidered. The decision rules specify
for each injury type (1) the preferred treatment and (2) alternatives to be

used when the preferred treatment is not available,
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As demands for treatment exceed the number of medical personnel available and
waiting lines form, the time which a casualty must wait for treatment increases.

The program calculates the waiting times; if it exceeds Tim (that initial period
during which a delay in treatment does not alter survival probabilities), then the
prognosis under conditions of delayed treatment is calculated. This prognosis is
compared with the prognosis calculated using the level of care downgraded to the
next lower level. If the probability of death is less using the lower level of
care-~-which may be the case if the lower level of care will be available sooner--
the casualty is assigned to the next lower level of care.

The procedure is illustrated in Fig. +. Assume the calculated time-to-treatment
under the preferred level (physician care) is TP, with corresponding prognosis PP.
Since TP > Tim' prognosis under the downgraded level (allied medical personnel)
is then determined using TA (time-to-treatment by allied medical personnel); 1if
PA < PP‘ then treatment is provided by allied medical personnel outside the hospital.
If this downgraded level is also saturated tc a point where the prognosis cannot be
improved by downgrading, the next higher quality of treatment level is examined.

If all alternate levels of care are saturated to a time greater than Tmax’ the

injured are transferred to the hospital.

No Treatment

nt —_—— — —
Pob— e e ——
P
Probability P - — —— —
of Death (P) | Alljed Medical Personnel
!
AP
1
{
Physician Care
0
0
Time (T)

Fig. 4. Injury Prognosis for Two Levels of Treatment {(Physician
Care is the Preferred Treatment in this Example).
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In the hospital, injured are treated at the preferred level of treatment
unless that level is saturated, In these cases, alternatives are examined as
above,

5. Priority Rule

An essential aspect of disaster medical treatment is triageil, the sorting
of the injured into categories according to treatment priorities. Effective
triage will increase the number of survivors subject to the constraints of
limited medical resources.

The approach to triage in this study involved consideration of APQ (the
degradation in probability of survival owing to downgraded care), TT (time
required for treatment) and Tim (the time period during which delay of treatment
does not degrade the prognosis). A highest priority patient would be one with
minimal Tim and TT' and maximum APQ. The priority function, which ranks injury
categories in order of priority for treatment within each preferred treatment

level, is:

APQ

= ; high values mean high priority (1)
T + T
im T for treatment,

Treatment Priority =

Priority values associated with each injury will be found in Appendix B.

C. Output Data

The submodel output contains the following information for each grid (including

the hospital grid) and for the total community,

1) The number of injured (including fallout) by preferred treatment levels.

2) Treatment actually furnished to the injured; e.g., level of medical treat-
ment with or without supplies, downgraded treatment, upgraded treatment, no
treatment, and sent tc hospitals,

3) Disposition of casualties (survivors or fatalities).

4) Medical treatment packages initially available, used, and remaining.

5] Medical personnel hours available and the hours used for each treatment

level,
Details concerning the precise use of input cards and exemples of output format

for the Immediate Effects Submodel are presented in Appendix D and in Chapter 4.

s "Development and Recommendation of Criteria Needed as a Basis for a National

Emergency Melical Cere Plan Under Terms of Contract No. CD-SR-58-1." Annex H.
Chicago: American Medical Associstion, 1957.




III, SUBMODEL ORGANIZATION AND LOGIC

A. General

This section describes the basic information flow through the Immediate Effects
Submodel and the logic with which the model uses this information to simulate the
treatment of immediate effects casualties. Certain aspects of the simulation logic
are complex enough to warrant special emphasis; these include triage, "downgrading",
and the "priority" logic for follow-on treatment. The overall logic is described in
sufficient detail to provide the reader with a working knowledge of all of the major
decisions and logical loops used in the Immediate Effects Submodel.

B. Functions of the Submodel

The Immediate Effects Submodel is designed to perform the following functions:

1) Treat the casualties resulting from a nuclear attack, according to treatment
priority rules and available level of treatment (preferred and actual) and
by subdivision of the district under study (grid).

2) Record the consumption of medical treatment packages and of personnel time
in the treatment of casualties, by subdivision of the district under study
(grid).

3) Determine and record the numbers of deaths resulting at all levels of treat.
ment (preferred and actual) according to the stated rules and probabilities,
subject to the availability of supplies and personnel in the initisl treat-
ment phase and the follow-on phase.

4) 1Indicate the number of casualties for which supplies of medical supply
packages are not available.

5) After sroring the death figures of a base run, indicate for each subsequent
run the number of survivors added by changes in the disposition of personnel
and supplies.

6) Identify bottlenecks in medical personnel, druxs, and supplies which cause

cessation of required follow-on treatment to casuslties.

C. Submodel Logic
1. Data Flow

A highly simplified version of the logic for the simulstion model is shown
in Figure 5 and is described below (see Appendix ¢ for s detailed flow chart of
the {mmed{ste Effects Submodel).

Step 1. The simulation run is initisted by reading in s Master Control Cerd

and & Treatment Table. The parsmeters on the Master Control Cerd indicate

the durstion of Phase I initisl treatment (in hours) end the durstion of




Step 1

Ente' master
control card
and treatment
tables

9y

Enter medical
resources and
casualties for
each grid,
hospital and
hospital transfers

Step 2

Surgical team
referred treatment

personnel
available at
preferred
level?

Transfer

to
Hospital

)

Are
personnel
avallable at a
lower level?

personnel
available st a
highe? levei'

ne

Step 9

Fig. S.

All other treatment

Slrp 7

Step J

No formal treatment

Apply prognosis
for nc formal
treatment

(®)

yes

AR o
Step il avatlable? Step
Apply Apply
Prognouix froghoefs
Yeu Ne
Step |

Kevard Jeaths
Deplete supplics
Advance ¢ lockn

lmmediate Effects Submodel Flow Chart
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Phase I1 initial treatment (in days). The first phase of the initial treat-
ment begins at the time the first casualties report for treatment and
continues throughout the 30 hour period during which treatment perscnnel are
available on duty continually and without rest, During Phase 11 of the
initial treatment (from 30 hours up to 60 days postattack), medical personnel
are assigned on a half-time basis (i.e., 12 hours per day).

The Treatment Table contains a description of each injury and the rules
regarding the disposition of casualties with that injury (Appendix B), This
descriptive data includes:

1) The injury code number,

2) The time in houra needed to treat a casualty suffering from this

injury.

3) The time period in hours following which treatment no longer will

be effective.

4) The initial period in hours during which delay in providing treat-

ment does not increase the probability of death,

5) The code number {1 through 16) of the medical treatment package

prescribed for this injury.

6) The level of treatment {1 through 4) proper for this injury.

7) The differential by which the probability of death is increased by

downgrading treatment to the next lower level of personnel.

8) The differential by which the probability of death is increased by

travel to the hospital through fallout, etc?/

9) The probability of death if treatment is given immediately.

10) The probability of death if treatment is not given,

The length of the time by which earlier treatment at the next lower
level would result in a lowver probability of Jeath s calcuiated for each
injury code number at the same time that the Treatment Table (s read into
storage,

Step 2. Resource and Casualty data vards are read {nto the simulation pro-
gras, These data describe each batch of cazualties reporting to an Emergency
Treatwent Center and indicate the resources (personnel and supplies) avatl-
able for treating these casualties,

Step 3. Fur every grid the sudel first considets the fnjury cstegory with
the highest priority, then the next highest, etc., and applies the tndicated
lavel of preferred treatment.

Step 4. If no-trestment is the preferred level of treatwent (either becsuse

the injury is sinor or very severe), the proper prognosis is applied and

Si

This option, although avallable in the model, was not used because of the present
level of kacowledge concerning the noxious effects of transportation under these
circumstances.
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entries are made in the appropriate records.
Step 5. If a surgical team is the preferred level of treatment, the cases
located in a nonhospital grid are immediately transferred tr the hospital
sinc: surgical teams are only available in the hospital grid. This model
assumes that there are no travel restrictions between nonhospital grids
and the hospital; e.g., vehicles and fuel are available, roads are negotiable,
etc.
Step 6., If the case is to be treated within the grid (hospital or non-
hospital), the model first determines whether or nct personnel are available
at the preferred level,
Step 7. If personnel are not available at the preferred level, a check 1is
made for persons at the next lower treatment level,
Step 8. If personnel are not available at the lower level, a check 1s made
for the availability of higher level personnel.
Step 9. If all three levels are not available and the patient is not already
in a hospital, the case is transferred to the hospital., If all three levels
are not available in a hospital grid, no formal treatment is appliec., A
lower level of care than the preferred level degrades the prognosis; a higher
level leaves the prognosis unchanged.
Step 10. After the level at which treatment will be administered is deter-
nined, a check is made for the availability of supplies.
Step 11, If personnel and appropriate supplies are available, the prognosis
is applied.
Step 12. If treatment is to be given without prescribed supplies, the prog-
nosis associated with the treatment level {s reduced :> a point midway
between the prognosis with supplies and that with no treatment. An option
available in the step provides that {f the required medical supplies are
exhsusted, designated casualty categories are transferred to the hespital,
Step 13, After applying the prognosis us incicated {n efther step 1l or
Step 12 above, deaths are recorded, supplics are depleted, and personnel time
clocks are advanced to record the times spent in treatment,
After ail nonhospital grids have been processed through the model, the hos-
pital transfers asre analyzed by separste runs through the same progrws logic.
The model in further designed to store the fatality flgures resulting from
the first simuistion run sc¢ thet the difference between these and the numbers
of fatalitfes produced by slternative emergzncy sedical svetens can be calculated
and printed as the "NUMBER OF ADDED SURVIVORS™,




Decision Rules

Decision rules built into the model iuclude:

1)

2)

H

4)

5)

6)

Casualties for whom the preferred level of treatment is “no formal
treatment" consume neither supplies nor personnel time; therefore,

the probability of death without treatment is applied to them. No
formal treatment hzs been designated as Treatment Level 1 in the model,
Casualties arising in a nonhospital grid and requiring surgical t2am
treatment (Treatment level 2) are transferred to the hospital grid.

As previously discussed, this transfer process increase: their proba-
bility of deat“. When the waiting time required for surgical team
treatment in the hospital exceeds the Tmax time period for the casual-
ties, the probabiiity of death with the added differential for
downgraded treatment by physicians i{s congsidered. If the probability
of death asscciated with immediate treatment by physicians is lower
than that associated with delayed surgical team treatment, the pre-
ferred treatment level is dcwngraded from Level 2 (surgical teams) to
Level 3 (physicians), There 18 no provision for seeking a lower
probability of death by further downgrading to Level 4 (allied medical

personnel).

Treatment level 3 casualties are treated by physicians unless down-
graded treatmert by allied medical personnel is avai.able at a lower

probability of death because it can be applied sooner.

Treatment lLevel 4 casualties are attended by allied medical perscnnel
and downgrading is not possible.

For Treatment Levels 2, 3 and 4, the first step {s to check the
inventory of nedical treacment packages ir the Fmergency Treatment
Center cr hospftai. The inventory {8 reduced by the quantity «hich
will be cunsuwmed in treating the batch {or part of the batch), The
casualties for whom medicai treatzent packages are not available, (f
not transferred to the hosoital (a decfsion entered in the Treatment
Table), are scpregated to be attended by appropriate medical personnrl
but with &n increased posaibility of death, A record {s made of the
nusber of casualties lacking supplies which {ndicates vhether ¢y not
they vere transferred to the hespital for this reason.

In cases where lack of perscnnel at a treatment level (othey than
surgical team) ptecludes the possibility of treatment at that level,

the possihility cf finding personnel available at a» higher level is




7)

8)

9)

10)

11)

12)

investigated, This upgrading is limited to the next higher level

and does not change the probability of death.

At all treatmen. levels in nonhospital grids, when it is determined

that treatment will not be given because personnel are not available

or do.ngrading is not feasible, the batch or part of the batch is
transferred to the hospital., Similarly, in the case of the hospital,
the casualties are consigned to the untreated category and the proba-
bility of death without treatment is applied in the absence of treatment
personnel, In both cases, whatever supplies were removed from inventory
in anticipation of treating these casualties are returned,

All casualties whose treatment can be started within the time period

T0 - Tim have applied to their group the probability of death with
immediate treatment,

Casualties whose treatment can be started only after the time period
Tmax have applied to their group the probability of death without
treatment,

Casualties whose treatment is started during the period Tim - Tmax
receive the average probability of death (the probability at the mid-
point of the time span required to treat the entire batch).

Casualties who receive attention from medical personnel but without
the proper medical treatment r-~~kages have the probability of death
increased to the point halfway between that probability already deter-
mined by the rules stated above and the probability .f death without
treatment,

In every case where a differential is added to a probability of death,
the probability of death without treatment is the maximum to which it

may be increased.

2-12
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Chapter 3

Disease and Chronic Conditions Submodel

I. INTRODUCTION

This Chapter is concerned with the Disease and Chronic Conditions Submodel of
the Total Emergency Health Care System Mcdel, This submodel is designed to model
the generation and effects of likely disease threats for a period of about one year
postattack,

The health problems considered in this Chapter are those that begin several
days after the attack--when the acute medical problems associated with the immediate
effects c¢f the attack are subsiding-~and end a year after the attack. In order to
determine precautionary measures that would best promote health in this peried,
attention was limited to diseases which can cause death in that time, Preventeble
deaths were thus used as 2 sing'2 criterion in predicting the effects cf any such
measures.

Two classes of disease were considered with regard to health problems arising
during this postattack phase; i.e., communicable diseases and noncommunicable or
chronic diseases,

This Chapter touches only briefly on disease threats during the immediate effects
period, as this has been previcusly studied, Life-threatening health problems in the
Immediate Effects Phases will be relatively 1nsignif1cant.l/ There will be little
opportunity for disease to be introduced and insufficient time for most life-
threatening diseases to produce secondary infections (other than high prevalence of
upper respiratory infections), Life threats will largely apply to infants, the
elderly, and the infirm during this phase., Thus, the estimations of loss of life
due to postattack disease and chronic conditions were limited to the period beginning
30 days after the attack.

Insight into the following kinds of questions can be provided by this submodel.

1) What is the semsitivity of the number of survivors/nonsurvivors to varying

strategies of the distribution of stock piled medical supplies between the
Immediate Effects Period and Disease and Chronic Conditions?
2) What is the sensitivity of the number of survivors/nonsurvivors to varying

strategies of strict quarantine enforcement resulting in the elimination

Yy Herzog, W. T. Emergency Health Problems Study, Final Report R-OU-106. Durham,
North Carolina:; Research Triangle Institute, July 31, 1963,
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of the more esoteric diseases; e.g., smallpox and plague? - ._?

3) Vvhat is the effect of increasing the numbers of medical persomnnel and/or !
medical supplies?

4) To what extent do various levels of fallout radiation and decontamination
affect the number of survivors? 1:,$

5) VWhat are the bottlenecks in epidemic prevention?

3 o mngeirenyon b gl "
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II. BACKGROUND

A. Introductien

The background material which follows in this section is largely a review of the
relevant measures and outcomes developed in the previous contract (PH-86-65)Z/, which
formed an integral base for the modeling efforts described in Section V.

A first approximation of the scope and magnitude of the communicable disease

problem was obtained by the following two-step process:

1) Elimination of all infectious diseases unlikely to contribute markedly to
death during this period., This reduced the number of relevant diseases to
sixteen,

2) An exhaustive literature survey that led to the estimation of three factors
for each of the sixteen diseases: (a) the probability that there is a focus
of the infectious organisms in a reference population of 20,000; (b) the
fraction of this population expected to contract the disease under the spec-
jfied conditions; and (c) the case fatality rate under these conditions,
Fatalities were estimated by multiplication of these three factors,

A similar procedure was also used in studying noncommunicable or chronic diseases:

(1) limiting the study to the ien disesse clesses expected to contribute most to
postattack fatalities, and (2) estimating fatalities by multiplying expected postattack
prevalence with preventable case fatality rates,

The resulting fatality figures show that the estimated preventable death rate

from non-communicable-~and~-chronic diseases is certainly small as compared with the

communicable disease threat,

B.  Approach
Although the goals of a normal peacetime health system are to provide total well

being, they are more modest in an austere postattack environment, The initial measure
of effectiveness chosen was survival. Further, no distinction was made among survi-
vors--young, old, male, female, etc. Each type contributes one unit to the measure

of effectiveness chosen, 1t was concluded that later improvements might recognize

man~days lost due to illness, permanent disability, etc.

2/

Hallan, J. B., J. L. Colley, W. L. Wells, R. S, Titchen, C. N. Dillard, and
A. V, Alhadeff, Review and Evaluation of the National Emergency Health
Preparedness Program - Final Summary Report, R-OU-209, Research Triangle
Institute, Research Triangle Park, N. C., 30 November 1966,
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The problem was severely constrained initially in order to obtain rapidly some

approximate results which might later be refined, This initial simplification was
as follows:

)

2)

3

Attention was limited to diseases which can cause death in the first year.
This ruled out veneral diseases and tuberculosis (new cases), since only
in rare cases (among the very old and the very young) does death ensue in
less than one year. This simplification also excluded deficiency diseases
(scurvy is the only one which has a significantly high fatality rate).
Starvation and death due to thirst were ignored as they are improbable
except in 1solated instances,

The effects of radiation {(alone or combined with disease) were ignored
initially because the synergistic effects of radiation and disease are
much less well known than either alone,

The hypothesis was made that a small number of diseases (communicable alone,
non-coumunicable alone, or both) account for the majority of the postattack
threat to life. The screening method used to identify this small number is
described later. This procedure concentrated the efforts of the project's
medical consultants on these few diseases (16 communicable and less than a
dozen non~communicable and chronic; see Tables I and II on Pages 3-8 and
3-9, respectively). Support for this hypothesis can be found in Figure 6,
which compares the frequencies of causes of death in countries with
variable health environments. The number of causes required to reach any
percentage of the total deaths is greater under more primitive conditions.
However, even in the U. S. in 1900, six causes account for 50 percent of

the total. This listing of the diseases in Figure 6 is found in Appendix E.
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Medicine and Public Health, 9th Edition. New York:
Appleton-Century-Crofts, 1965, p. 507.

National Office of Vital Statistics, Vital Statistics
of the United States, 1964. Washington, D. €.: U.S.
Government Printing Office, 1966, Vol. 1, Section 1,
p. 16.

Statistlical Office of the United Nations, Demographic
Yearbook, 1963, New York: United Nations, 1964, pp.
592 and 609.

Cumulative Frequency Distribution of Total Deaths by
Fifteen Leading Causes of Death in the United States,
Nigeria, and Portugal. (Note: See Appendix E for a
listing of the speciflc fifteen causes of death for
each country.)
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Communicable Disease

1. General Background

Although the great causes of death in the United States today are no longer
communicable disease, history furnishes ample evidence that these can be signif-
icant threats to health and to life under primitive conditions and therefore, must
be congidered a potential threat in the disrupted postattack world.éj’ &y 3

It appears that mathematical modeling of disease spread is not possible a
priori; rather thz models may be (and have been) used to fit an observed epidemic,
and thence to estimate the parameters characterizing the disease, Theory does,
however, provide a framework in which to think systematically of the problem,
The following three basic modes of disease spread have been observed by epidemi-
ologists over the years; and may be considered as derivatives from the mathe-
wetical theory of epidemicg:

1) Man-to-man (e.g., influenza).

2) Food~ or water-to-man (e.g., botulism).

3) Vector-to-man (e.g., plague via rat fleas).

There is a fourth class that is considered to be of far less importance in
this study; i.e., the organism has a significant lifetime outsgide a living host,
and, hence, may be thought of as being present in the environment (tetanus).
However, in considering all four of these classes, it must be emphasized that
some diseases have more than one mode cof transmission,

The number of fatalities resulting from thesc diseases can be estimated by

the following formula:

Probability of Expected number Case fatality Expected
a source of the of the group rate under number
infectious organism X Jcontracting the] X |the specified| = Jof (1)
in the ilocal en- disease under conditions fatalities
vironmeat the specified

conditions

Ackerknecht, Erwin H, History and Geography of the Most Important Diseases,.
New York: Hafner Publishing Company, 1965.

Mitchell, H. H. Survey of the Infectious Disecase Problem as it Relates to
the Postattack Environment, RM-5090-TAB. Santa Monica, Calif,: The RAND
Corporation, August 1966.

Mitchell, H. H. Plague in the United States: An Assessment of Its Significance
as 8 Problem rollowing a Thermonuclear War, RM-496B-TAB. Sante Monica, Calif.:
The RAND Corporation, June 1966.




This concept, by itself, is useful in structuring the problem by identify-
ing the impact of a particular preventive measure or treatment. Additional
principles are known which aid ir estimating the threat. These details are
discussed in Appendix F.

2, Results of Initial Screening

An initial four-step screening procedure was conducted to obtain a small
1ist of potentially critical diseases for more detailed analysis. The factors
considered were those d!scussed previously, and summarized by Equatiom (1).
From a list of 126 communicable diseases or disease groups cited in Gordongl,
diseases were eliminated as follows:

1) Those which are not endemic to the United States; e.g., loiasis and yaws.
This was equivalent to eliminating those diseases with a negligible prob-
ability of an initial csse. Of the 126 c msidered, 36 were eliminated on
this basis.

2) Those which have a low historical incidence; e.g., dracontiasis and histo-
plasmosis. This was equivalent to eliminating those which have either a
low probability of sn initial case in a community, or which are negligibly
infectious (small expected size of epidemic), or both. This procedure
screened out 40 diseeses. (This assumed current immunizstion status for
polio.)

3) Those which have a low untreated case fatality; e.g., herpangina and hook-
worm disease. The cutoff value was taken to be s 2 percent untreated case
fatality rate, except for diseases having a very high historical incidence
(only influenza and hepatitis) where the fatality rate cutoff was taken to
be about 1 percent, This criterion eliminated 43 diseases.

4) Those of s final group that require meny cases to initiste an epidemic
(3 rejected on this basis) or are very difficult to transmit (10 rejections).
This left a list of 16 diseases for further analysis; these are identified

in Table I. Estimation of postattack disease paraweters, effects of counter

measures snd preventsble desths are discussed in Appendix G.

Gordon, John E. (Control of Communicable Disesses in Man. New York: The American
Public Health Association, 1965.
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Table [

( HARACTERISTICS OF A SELECTED LIST OF
SIXTEEN POTENTIALLY CRITICAL COMMUNICABLE DISEASES

Mode of
Disease Brief Description Transsission Iamunization Treatment

Pneumonoccal An acute bacterial disease of the man-to-man None Antibiotics

Pneumonia lungs characterized by suiden
onset of chtl) followed bty fever

Iryluenza An acute infectious disease of man-to-man Partial No specific treatment
the respiratory tract character- (Vaccine)
fzed by abrupt onset of fever,
chills, headache, muscle pain,
and sometimes prostration

Typhotd A generalized bacterial infection enteric Vaccine Antibi :tics
characterized by malaise, slow man-to-man
pulse and enlargement of spleen.
loss of aporetite, weakness, some-
time diarrhea, alwvays malabsorp-
tion of nutrients

Paratyphoid B A generalized bacterial disease enteric Vaccine Antibiotics
character{zed by continued fever, man-to-man
enlargement of spleen, and
usually diarrhea

Dysentery An inflamsation of the colon enteric None Antibiotics and
characterized by multiple daily man- to-man rehydration
stool , low fever, and intestinal
cramps

Cholera A serious acute intestinal disecase enteric Parcial No specific treatment,
characterized by vomiting, profuse man-to-man (Vaccine) rehydration procedure
watery stools, rapid dehydration may be very effective
and collapse

Hepatitis An acute {nfectious disease aan-to-man None No specific treatment
followed by jaundice enteric

Plague A highly fazal fafectious disease vector dborne Partial Antibiotics
characterized by fever, prostra- aan-to-aan
tion, pneumonia, and coma (pnewmonic)

Smallpox An eruptive feverish disease |an-to-man Vaccine No specific treatment.
characterized by extensive (Antiblotics to contrul
cutanous lesione secondary (nfection)

Typhus A generalized disease character- vector borne Vaccine Antibtluotics
ized dy high fever

Whooptny Cough An yafectious disesss character- nan-to-asan Veccine No spectfic tregtment
fted by inflemation of the
respiratory tract and peculiar
paroxyems of cough

Measnles An acute highly communicehle virsl #an-to-man Vaccine GCamma globulin
disease chara terized by a dushy-
red dlotchy rash

Diphtherta An ascute infectious disease of san-to-wan Veccine Antidiphtheria nerwm
tonaile, pharynx, larynz of nose, enteric
and occevionally of other sucous
sambranes or shin

Castroenteritie Inflammstion of the stomach end entaric None Antidtatics miidl, oi-
intestines characterised by fective, rehydretion
ervere dlarrhes, dehydration procedure say bde very
ond acidity effective

Scarlet Fever A streptucoccal sore throst in san-to-asn Kone Ant idiotice
which Infectious agent prodey es
a teah

Mentngococral Ar acute bacterial disease char- aan-to-ean None Antiblotice

Neringttss acterized by sudden oneet of fever,
hesdache, neuses, end (requently
2 rash
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D, Non-Communicable and Chronic Disease

The approach to the problem of medical support postattack for those afflicted
with non-communicable and chronic disease was analogous to that used for communicable
disease, Life and death were considered rather than comfort, activity limitation, H
etc.; in addition, "Preventable Deaths" were calculated. -
Table II shows an estimated preventable death rate from non-communicable and '
chronic disease of about 2 percent of the total surviving population, This is cei-

tainly small in comparison with the communicable disease threat. o

Table II

PREVENTABLE DEATH RATES FOR MAJOR NON-COMMUNICABLE AND CHRONIC
DISEASES UNDER POSTATTACK CONDITIONS

A B C D
Preventable
Expected Fatality
Prevalence Rates = 1928-29 Preventable
(1961-63 Rates Case Fatality Fatality ‘
Except for Rates less Untreated Rates &
Tuberculosis  1961-63 Case Fatality <(Col. A x :
1928-31 Rates) Fatality Rates Rates Coi. B)
(2 of Total (X of (X of Total (X of Total
Population) Prevalence) Population) Populatilon)
1 Diseases of the heart 7,079 24,0-5.2 = 18,8 1.700 1.331
2 Malignant Neoplasas 0.468 71,0-32,1 = 38.9 0,332 0.182
3 Diabetes 1.064 25,0-1.6 = 23,4 0.266 0.249
4 Vascular lLesions Affecting
the Central Nervous iystem 0,930 20.0-11.0 = 9.0 0.186 0.084
5 Tuberculosis 0,472 16,3-1.5 = 14.8 0.07? 0.070
6 Conditions of the
Genitourinary Systen 2,202 3.3-0.7 = 2,6 0.073 0.05?
7 Ulcer of the Stomach
and Duodenum 1,080 3,2-0.6 = 2.6 0.035 0.028
8 Cirrhosis of the Liver 1.000 1.3-1.2 = 0,1 0.012 0.001
Asthaa and Hay Fover 2,219 0.3-0,1 = 0,2 0.007 0.004
10 Diseases of the Bones
and Organs of Locomotion  8.140 0.1-,02 = 0,08 0.008 G.007
Total - - 2,696 2.013
3-9




E. Conclusions

1. Communjicable Disease

1) With current postattack medical pruparedness measures, deaths will
approximate 20 percent of the survivors. 7This might be as high as
25 percent or as low as 3} percent, The "praoventable dcaths" approximate
15 percent of the survivors.,

2} The expected number of communicable disease fatalities is divided about
50 percent among those transmitted man-to-man, 5 percent \ector borne,
and 45 percent enteric, provided nc additicnal preparedness measures
are undertaken.l/

3) The calculations of preventable deaths indicate the relative effective-
ness of preattack preparedness measures. Referring to Appendix G, it
was concluded that:

a) Enteric diseases (gastroente itis and dysentery) are very significant,

b) In large measure because enteric diseases are important, elementary
countermeasures {personal hygiene and use of antiseptics) assume
importance.

¢) Considering one-at-a-time medical and public health measures, all
are about equally effective. This conclusion relates to effective-
ness and not to cost-cvffecr i nocs = +o feasih'l'v,

2. Non-Communicable and Chronic Disease ‘\

i Fatalities from non-communicable and chronic dis.ase will be «<lightly higher

(2.3 to 35) than they now are in (he preattack environment of the United

States. iuaus, in terms of preventable fatalities, their importance ic smail.

1) Prevalencr aad ratality data from Table Il indicate the relative
unizmportance ot these {n controst with communicable disease,
F. Implicativn
In view of these cunclusions the next Section deals with camounicable discases i
only, Specifically, 1t «ill deal with these dJeterminants of puostattack pidemics

which can be influen-ed by pregtiack Teasures.

i

Hallan, ot al.o, op. it
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ITI. EPIDEMIOLOGICAL CONSIDERATIONS FOR COMMUNICABLE DISEASES

A. Description of the Problem

As stated in the previous section, the majority of all preventable fatalities
under late post nuclear attack conditions are likely to be due to communicable
diseases.

For communitywide prevention or control nf infectious diseases, programs can be
divided into three categories:

1) Prevent the influx of infective individuals into the community through

quarantine and elimination of the focus of infection by effective cure.

2) Decrease the transmission of pathogenic organisms between infective and

susceptible individuals through hygiene and sanitation.

3) Decrease the susceptibility or increase in the resistance of individuals

through prophylactic use of antibiotics or vaccination.

The problem to be discussed in this Section is how to build an infectious disease
caseload generation model for estimating preattack cost and postattack benefit under
alternative programs aimed against postattack communicable diseases. By permitting
such a cost-berefit analysis, this model will be able to assist in the choice of
preventive programs to be adopted. The following discussion {s restricted to
respiratory infections transaitted from man to man, but conceivably it can be
extended to include fecally and vectorially transmitted infectiona.

b. Methodoiugy

The Soper-Reed-Frost Model, generally accepted matiematical model of an
infectious disease, was used. This mode)l, restricted to infections tranamitted
from man to man, has two parameters: the contact rate ) and ths host susceptibility
ab. The model is independent of the community size X, insofar as the contact habits

of an individual community member (as expressed i{n )) are independent of N,
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The values of the two parameters are determined by the infecticus disease which
they represent, by the community concerned, and by several behavioral and envircnmen~-
tal factors inciuding radiation. The magnitudes of the effects exerted by these
determinants upon the two parameters wire estimated from a literature survey for some
communicable diseases of potential post nuclear attack importance. The expected
parameter values can be estimated for the relevant post nuclear attack conditions by
means of a statistical estimation of missing values based on literature values. Con-
ceivably, parameter valucs (not found in literature) for other communicable diseases
can be obtained by interpolation using a statistical model of homogeneity,

By using the estimated parameters, a mathematical model can be constructed to
simulate those communicable diseases, and their attack rate--applicable to communities
under similar behavioral and eavironmentsl conditions--that will be epidemic in the
relevart pcst nuclear attack community. Also, various curative and preventive measures,
either alone or combined, can be analyzed with the model, and their cost-effectiveness

estimated.

C. The Mathematical Model of an Infectious Disease in & Community

The following model (by Soperi/, Reed and Frosti/) of an infectious disease in a

community is used throughout this Chapter. Figure ?Lg/presents as compartments the
three mutually exclusive states that are possible for any individual of the community
at time t: susceptible (St individuals), infective (It individuals), or immune (Zt
individuals). The total number of individuals in the community at time t is:
N[ = St + It + Zt' Possible transitions ° *igure 7 betwecu states are indicated by
arrows, Since the comunity is assumed to ve isolated, Nt changes only by birtn and
death, The rates at which the transitions take place are given beside each arrow and
are expressed in number of individuals per year.

As shown in the figure, a certain proportion o ~f the infected persons becomes
infective and each infective person remains in this state for a duration of D days

before becoming immune,

8/

- Soper, H. E. "Interpretation of Periodicity in Disease Prevalence,'" Journal of
the Royal Statistical Society, Vol. 92, 1929, pp. 34-73.

9

8/ Reed, L, J. and W. H. Frost (1928), as quoted by Abbey in: '"An Examin.tion of
the Reed-Frost Theory of Epidemics," Human Biology, Vol. 24, 1952, pp. 201-233.

10/

-—"  The definitions of the various symbols used in the model are summarized in the
Glossary of Terms, Appendix A,
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In Tlgur. 7, 1f there i5 a state ol equilibrium (steady state”) so tnat the

irflux and cutfliux are equal for each compartrent, tho time subscripts can ba omitted.

Thus, In steadv state, the left compartment has the following relaticnship:

e ra Is IS
¥m = ISp, orm yP» orm=gyg PN,

where
n is the birth rate, expressed in the proportion of the community members
that is being born per unit of time
N is the probability of at least one contact between any two specified per-
sons in the coamunity per unit of time.
in steady state the transition between the left and the upper right compartment has
the following relationship:
1

1
N
D = gNm or s D m o,

where a is the proportion ot newly infected persons that will become infective. The
last two equations make up the Soper model.

Reed and Frost refined the Soper mecdel by taking into account the event that a
susceptible individual may be infected more than once during the incubation period

of the disease. The Soper-Reed-Frost model is as follows:

=31
ol - e n ) = s{% - e-xi) - ;ls . (2)
where
e is the base of the Naperian (matural) logarithm with the constant value
2.71828...
A is the rate (number of persous per unit of time) at which a community member

establishes contacts with the other susceptible, infective, or immune mem-
bers. This rate is named the contact rate.
pe is the proportion of the community that is infective.
A major advantage of using 1\ instead of p 1is that with 1 the variables and
parameters are independent of size N of the community. The probability p of at
least one contact between any two specified community members per time unit is re-
placed by A, the rate at which a community member establishes contact with other

members:

A= p(N-1) . (3)

Likewise, the prevalences S and [ are replaced with prevalence ratfos s and |

expressed as proportions of N.
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According to Kermack and McKendrickil/ an epidemic will occur only when saDi > 1,

If this 1s the case, the value of the product aDA can predict the crude attack rate
when s, the proportion of susceptibles in the community, approaches the value of one
(Table H~I, Appendix H). Thus, if the parameters are known, the modified model can
be used to estimate the likelihood that an epidemic will occur and the size of the
epidenic. The various methods of estimating these parameters for certain diseases
from literature data are described in Appendix H.

A nomogram of the Soper-Reed-Frost model (Figure 8) shows the sensitivities of
the values of i for changes in the parameters A and oD respectively, It follows from
this nomogram that, according to current conceptual knowledge, the influence of the
host susceptibility on the index i cf disease and death is much greater than the
influence of the contact rate.

The basic assumpticns underlying the Soper-Reed~Frost model are summarized
as follows:

1) The interval between infection and the beginning of infectivity
("incubation period" or "latent period") is constant,

2) Every person is susceptible {(nonimmune), unless he has been infected
previously; then he is immune,

3) Infection is spread by direct cuntact between infectives and suscep-
tibles; there are no other contact possibilities. (Amplification:
Current views in the bacteriological and virological literature (for

/

instance Ratumelltcamp-l-E ) are in keeping with this assumption, which is
limited to those infectious diseases which are transmitted from man to
man by air droplet nuclei and confer corm;lete immunity for life.)

4)  After direct contact the susceptible becomes infective for a certain
period of time; then he becomes nonsusceptible and noninfective,

5)  Each person has a fixed probability of coming into contact with any
other person within one incubation period; the probability is the same
for any combination of two persons regardless of whether they are sus-
ceptible, infective, or immune.

6) The persons in the community are wholly segregated from persons outside

the community.

1

11/ Kermack, W. 0. and A. G. McKendrick. "A Contribution to the Mathematical Theory
of Epidemics," Proceedings of the Royal Society of London, Series A, Vol. 115,
1927, pp. 700-721,

12/

== Rammelkamp, C. H. "Epidemiology of Streptococcal Infections," Harvey Lectures,
Vol. 51, 1955-1956, pp. 113-142,
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in a Deterministic Chain-Infection Model with an Influx of
Susceptibles at a Constant Rate (m), for a Stationary and
Stable Population with One Unique Age of Death Being (1/m).
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D.  Regression of the Soper-Reed-Frost Model Parameters on Several Behavioral and
Envirommental Characteristics.

1. Regression of the Contact Rate

Several behavioral and environmental attributes are likely to influence the
level of the contact rate. The following nine attributes are considered: radi-

ation, crowding within the household, size of the household, relative humidity,

temperature level, temperature changes, season, ventilation and air pollution.

(These attributes are described in more detail in Appendix I,) For the assess-
ment of the effects as exerted by these attributes upon the contact rate, it is
necessary to measure this contact rate, Within the household, the contact rate

can be measured as secondary attack ratio and, in the community, the contact

rate can be measured as crude attack rate. Both methods are applicable under
the restriction that the persons at risk are known to be susceptible (Appendix
H), Using data from the literature, the influence of these attributes on the
contact rate were assessed (Appendix I). The results (Table ITI) indicate that

only sudden temperature changes from warm to cold are likely to largely increase
the rate of contact. Other factors increase the rate of contact, but only by a

moderate or inconclusive magnitude.
Table III

CURRENT CONCEPTUAL KNOWLEDGE OF THE INFI.UENCE OF
NINE COMMUNITY ATTRIBUTES ON THE RESPIRATORY DISEASE CONTACT RATE

Community Influence of the Attribute on the Contact Rate
Attribute Direction Magnitude
Radiation Increase Inconclusive
Crowding within

households Increase Small
Size of households Increase Inconclusive
Relative humidity Decrease Large

Temperature level
of environment Varying Inconclusive

Temperature change
of environment:

Warm —» Cold Increase Moderate
Season Increase
in Winter Inconclusive
Ventilation Decrease Moderate
Alr pollution Increase Inconclusive
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2, Regression of Host Susceptibility

Several human-behavioral and environmental attributes are likely to influence
the degree of host susceptibility, The following attributes will be considered:
radiation, nutritional status, air pocllution, emotional and genetic effects, For

the assessment of the effects as exerted by these attributes upon the degree of

susceptibility, it is necessary to measure this susceptibility, In the case of
lifelong-immunity conferring disease in a stationary and stable population, non-
specific host resistance can be derived from the prevalence of infectives (see
Appendix H, Section III). Using data from the literature, the influence of the
five attributes mentioned on the host susceptibility were assessed (Appendix J).
The results (Table IV) indicate that radiation has an overwhelming influence on

the host susceptibility,

Table 1V

CURRENT CONCEPTUAL KNOWLEDGE OF THE INFLUENCE
OF FIVE COMMUNITY ATTRIBUTES ON HOST

SUSCEPTIBILITY

Community Influence of the Attribute on the Host Susceptibility
Attribute Direction Magnitude
Radiation Increase Large
Acute Starvation Increase Moderate
Air Pollution Increase Inconclusive
Emotional Increase Inconclusive
Genetlcally

Increased

Susceptibility Increase Inconclusive

3. Inferences Made from Observed Regressions Concerning One Respiratory Lisease
and Applicable to Others

a, Assumptions
The objectives of this paper seem to justify the use of some generaliza-

tions which are not accurate in detajl hut do yield information adequate for
predictions and which should not be rejected because of imprecision, provided
that these generalizations are internally consistent. It is desirable that

they be tested using independentlv replicated data, So far, some observations
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of respiratory diseases have been discussed which do not confer lifelong
immunity or which are caused by organisms that do not have constant anti-
genicity (common cold, adenovirus 4, influenze type A), It would be
advantageous to be able to apply the parameters obtained from these data
to other respiratory diseases which do confer lifelong immunity and which
are caused by organisms with more or less constant antigenicity (tubercu-
losis, diphtheria, meningococcosis, whooping cough, measles, German
measles, mumps, chickenpox). The following four assumptions are neces-
sary for application of the data:

1) During an epidemic, the effect of the organism on the contact
rate must remain constant, According to the relevant literature,
ccnstancy of the prevail ng strain during an epidemic has usually
been observed in the case of influenza, For instance, Chu,
Andrews, and Gledhil}d/ yrote about the 1948-1949 epidemic:

"Rather to our surprise, almost all the strains
from Western Europe, from Italy to Iceland, and
one strain each from Canada and the U, 5, A,,
were antigenically very homcgeneous."

Furthermore, Jensenli/ wrote:

"Viruges collected from many parts of the world
during an influenza season usually crossreact
serologicallv with prototypic viruses of the year."
15/

Later, Isaacs et al. —' wrote:
"During the period 1957-1960 large numbers of
influenza (type) A viruses were received at
the World Influenza Centre from countries
throughout the world, With one exception, all
the strains were antigenically closely related
to the A2 ("Asian" family) viruses isolated
early in the Asian flu epidemic, and strikingly
different from the A-prime ("A-prime" family)
strains of the previous decade,"

'r—l 'o—l

~

~

Chu, C. M., C. H. Andrews, and A. W. Gledhill. "Influenza in 1948-1949,"
World Health Organization Bulletin, Vol. 3, 1950, pp. 187-214.

"The Nature of Serological Relationships Among Influenza Viruses," op. cit.

leaacs, A., R. J. C. Hart, and V. G. Law, "Influenza Viruses, 1957-1960,"
World Health Organizatioca Bulletin, Vol. 26, 1962, pp. 253-259.
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In the case of other diseases, Websterig/ measured the virulence of

Pasteurella (in rabbits, chickens, and mice) and of mous¢ typhoid for
various stages of the epidemics, "The results ,.. invariably ... showed
a constancy and fixity of disease-producing power of a given strain of
organisms under all conditions of natural infection ...".

2) For respiratory diseases (such as common cold and influenza)
that do not confer lifelong immunity, the susceptibles and immunes are
distributed a. random within each age group with respect to characteris-
tics like crowding and air temperature,

3) There is no iuteraction between any two of the following
characteristics which affect the contact rate and the host susceptibility:

a) Host resistance,

b) Host behavior (like crowding).

¢) Environmental characteristics (like relative humidity,

temperature change, air pollution, ventilation).

d) Organism characteristics,

For the pertinence and validity of th s assumption, see Appendix K,

4) The effects of community and Jisease on the contac* rate are such
that there 1s statistical homogeneit . (independent effects). The same
holds for their effects on the host sus :eptibility. The pertinence and
validity of these assumptions are discussed in Appendix K,

There is a multiplicity of factors (Voorsll/) which permits the
assumptions of random distribution and interaction. The assumption of
no interaction is testable by repeated independent observations,

A possible exception is the interaction between factors (c) and
(d); the importance of such an interaction is discussed in Appendix .,
Section 4. Other possible exceptions are the interactions between

Al /
effects (a) and (d) and between (b) and (d): Langmuir.:§'quoting

—
~4

~

Webster, L. T. "Experimental Epidemiology," Medicine, Vol. 2. 1746, pp. 77-i09.

Voors, A. W. A Modified Soper-Reed-Frost Model as a Guide in Programming the
Control of End.mic Respiratory Infection, Chapel Hill, N. C.: University of
North Carolina. Doctoral dissertation, 1965,

Langmuir, A. D. "Epidemiology of Afr-Borue Infection,' Bacterjological Revicws,
Vol. 25, 1961, pp. 172-181,
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20/

Lurielg/and Hatch , =~ points out that droplets of 5 microns or less are

necessary in the transmission of tuberculosis while many respiratory

diseases are transmitted by larger droplets, This sugge. ts interaction
between the organism factor and both the host resistance and human be-
havioral factors effect which affects the contact rate, In spite of
these exceptions, the assumption of no interaction will be maintained
for the reasons mentioned in the beginning of this subsection.

b, Conclusions Concerning Regression of Contact Rate

In view of the assumptions concerning the regression of the contact rate
of respiratory diseases on environmental and behavioral factors, the follow-
ing conclusions can be drawn:

1) The lower the relative humidity indoors, the higher the contact
rate (marked influence).

2) The more extreme the temperature changes to which the individuals
are subjected, the higher the contact rate (medium influence).

3) The more crowded the household of susceptibie persons, the higher
the contact rate (small influence),

4) The higher the ventilation in the enclosed area containing a
group of people, the lower their respiratory contact rate
(medium influences).

c. Conclusiong Concerning Regression of Host Susceptibility

Host susceptibility is increased by the following factors:
1) Radiation (marked influence),
2) Malnutrition (slight influence under postnuclear attack
conditions).

3) Alr pollution (possihly a slight influence).

13/ Turfe, M. B., ot al. "An Evaluation of the Methed of Quantitative Air-Borne
Infection and Its Use in the Study of the Pathogenesis of Tuberculosis,”" Americesn
Review of Tuberculosis, Vol. 61, 1950, pp. 765-797.

0/ Hatch, T. F. "Distribution snd Deposition of Inhaled Particles in Respiratory
Trect," Bacteriological Peviews, Vol. 25, 1961, pp. 277-240.
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Assessment of C(ontact Rate for Some Respiratory Diseases of Post-Shelter

ngortance
l.

Assessment of the Contac’ l.ate for Asian Influenza

Literature data conceraing the Asian influenza epidemic of 1957-1958 were
obtained for various communities, Using the methcd described in Appendix H and
assuming that a = 1/52 yazar, one can arrive at values from these literature
data for contact rate under different circumstances, [Amplification: The
assumption that D = 1/52 year is arrived at in the follswing way. According

to Gordonzlj, the average duration of infectivity is 7.5 days; hence, if the
degree of infectivity is equally distributed over these days the mean point of
infectivity is (7.5)/2 = 3.75 days after its beginning, Jordan gi‘glcgg/ found
the average interval between tsuiccessive cases to be 5,3 days, Assuming an
average incubation period of 2 days (Gordongl/, Woodall gg‘gl.zgf). this would
imply that the mean point in the duration of infectivity is at 5.3 - 2,0 = 3,3
days after its beginning. Since the figures 3.75 and 3.3 show a fair agreement,
7 days or about 1/52 year is used as "duration of infectivity” for assessment

of contact rate ]

An example of the calculaticns involved is as follows: In a cottage at a
children's institution, Bell et al.éi/ found that out of 34 girls aged 9-12
years, 18 became infected. Thus, the primary attack rate s 18/34 = 33,
According to D. C. Kendall's tableﬁi/ the corresponding value of aD: {s 1,40,
Since aD = 1/52, + = 1,40 x 52 =« 73 per year.

The results of these contact calculations applied to suitable literature

data are given in Table V.

(o]
e

ad
N
“~

1t
et

I

A

&

Gordon, J. E. (ed.) Control of Communicsble Disesses in Man (9th edition),
American Public Health Association. New York, 1960,

Jordan, W. S., et al., "A Study of Illuess in a Group of ¢leveland Families,
XV1l, The Dccurrence of Asfen Influenga," American Journal -f Hygiene, Vol., o8,
1958, pp. 190.212.

Woodell, .. X. . K. Rowson, snd J. C. McDonald.  “Age snd Asisn Intluengza.”
Brivish Medical Journal, Ne. 5108, Val. 2, 1958, pp. 1}l6-1318,

Rell, 1. A., et al. "Epidemiological Observations sn Twe Outhresks of Asian
Influenea in a Children's Institutian,” American Journal of Hygiene, Vol. .
1961, pp. B4-8N.

See Appendix H, Table u-1.




Tedle V

COMTACT MT!I?:/ FOR ASIAN INFLIELLY Y AGE X'RING THE PANIOMIC OF

1957-1958, IN DIFFEMENT COMUNITIES

-
City or Type of soctsl Contect Ratas by Age (ir Yesrs)
State Coamunity Race Clane 3-5§6.3 8.9 9.12 13- 1.9
7
u , rn | orer //,/
0. c - Children’s Instttution Negro Lowar 08§ 182 8) N % u 72 ’/// é
/
Le. ¥ Day School Negro Lower 7y 0 % {z;;/’/
L. ¥ Dey School Negro Lover 37 N Y] /// A
7,
te ¥ Day Schocl Negro Lower 8 8 s %////
ca. & duy Sehaol White | Mtddle & Higt| 37 Y o ,11552525
onte ¥ Femilies amtee | Middle & uigh »
o/ g
o & Nigh School Familtes Wite | Middle & High ::E, N7
H.lbmnrh-/ Indivicuele Whice M 1]
- rg
Liverpootd! Remerd Kame Wity Lover &\< " (////
9 /]
Ly
Ltn:pcoly Temporarv Accamodscion White Hiddle 48 r//A
LL
Phvelcter'e Practice ;
Londen &/ (Tamtliesy White Lower 137878
v Atr Potce Soard:ing \ RN
sl L =] =AY

jor
-~

e ja
b

>

Expressed per vesar from 1957 to 1958; calculated from literature sources
listed below.

Clinical diagnosis without serological confirmation,
Calculated from secondary attack rate insteac of primary.

Source:. Fell, J. A., et al. "Epidemiologi.al viservations on Two Out-
breaks of Asisn Influenza in 3 Children's Institution,” American
Journal of Hygiene, Vel. 73, 1¥el, pp. 84-39.

Source: Dbunn, F. L., et al. "Ypidemiological Studies of Asian Influenzs

in & Louisiana TParteh,” American Journal of Hygiene, Vol. 70,
1959, pp. 3%1-371.

Source: Jordan, W. S., et al. "A Studv of llacss {n 8 Sroup of leveland
Families. X\VI7. The Occurrence of Asien lafluenza,” American
Journal of Hygfene, Vol. =8, 1958, pp. 190-212.

Source: Chin, T, 0. Y., ¢l al. "Morh{diry and Mortelity Characteristics
of Asien sStrain Influenze,” PFunhlic Health Repeorts, Vol. 75, 1960,
pp. 149-158.

Source: Xeough, E. V.| et al. A Serologlic Survevy of the Epidemic of
Asian-Type Influenza in Melbourne, 1957." Americen Journsl ot
Hygiene, Vol R, 1958, pp. 1.5,

Source: Schwartz, XK. end W, H. Porrv. "A Studvy of Asian Influenzes
Epidemivlogy and Cientrel Messures in Liverpocl Children,™
Medical (Qfficer, Vol. 99 11758, pp. 59-81.

Source: Woodell, 7., K. . X. Rowson, snd 1, €. McDonald. '"Age snd Asian
Influenzs,” British Medica! Journal, No. 5108, vel. 2, 1958,
pp. 11l16-1218.

Source: Owenr, 1., et #l. "Asian nflienza tn 2 A, A. F. Roy Entrents
School,” Public Health, Lot 72, 1998 pp. 13.-142,
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). Assessment »f Contact Rate for Tuberculosis, Measles, Whooping Cough, and

Dighfheria

When an immunity producing disease is transmitted in a community which is

At = bt et o Vo il 103 38 AN g i e e W

{n a steady demographical state and has a constant influx of susceptibles, the
model predicts that the prevalence of susceptibles and infectives will each
fluctuate over time around a certain equilibrium value: after a maxirum of

‘- infectives, the concomitant exhaustion of susceptibles has to be built up again

1

by the influx of new susceptibles before a new maximum ("epidemic peak") of
infectives can be expected. The "delay time" t in the start of a new epidemic

peak since the end cf a previous one has a value t of maximum likelihood

(Appendix H).

v So
t =
m

where s, is the equilibrium value for the prevalence of susceptibles in the
community, expressed as a proportion of the community size and m is the birth
rate,

Since each of the three characteristics in this equation can be observed,
this equation constitutes a test for the realism of the model., Values for t
can be observed by studying time series of infectives (or by studying time
series of an index of infectives like cause-specific mortality), either through
assessment of time lag for maximal autocorrelaticn (Tahl~ ¥TY or throngh assess-—
ment of the average time interval of consecutive crossings between the observed
time series and its nonlinear regression line (Table K-IV). Observed values for
8, and m are available in the literature.éé/ The observed and -xpected values
are in fair agreement (Table VII) aund this tends to support the realism of the
assumptions underlying the model.

Therefore, by assuming values for aD from current literature and by using

the formula A = L , the contact rate can be estimated (Table VIII).
s _aD
o

6
26/ Voors, A. W. A Modified Soper-Reed-Frost Model as a Guide in Programming the

Control of Endemic Respiratory Infection. Chapel Hill, N. C.: University of
North Carolina. Doctoral dissertation, 1965,
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Tabie V]

“S (IN YEARS) FOR MAXIMAL AUTOCORRELATIUN IN TIME
SERIES OF REPORTED DEATHS

it s o A 5 e R S

. NN
oE Four Infectiocus Diseases in 19 Large United States Cities, 1901-19495"-/’S
', \I of Infectious Respiratory Diseases

i

b Cities Tuberculosis Measles Whooping Cough Diphtheria
Baltimore, Md. 30 3 4 9
Boston, Mass. 30 3 3.5 10
Chicago, Ill. 42 or 13 2 3.5 9
Cleveland, Ohio -- 3 4 7 or l4
Columbus, Chio .o 2.5 2 5 or 10
Indianapolis, Ind. 21 3 3 S or 10
Kansas City, Mo, .- 3 3 12
Los Angeles, Calif. 15 3.5 2.5 10 or 15
Lovisville, Ky 26 2.5 2.5 6.5 or 13
Milwaukee, Wis. 36 3 3.5 7 or i4
Minneapolis, Minn. -- 2.5 2.5 5 or 10
New Orleans, la. 26 3 k} 6.5 or 13
New York City, N. Y. 21 2 3.5 4 or 10
Philadelphia, Pa. .. 3 4 10
Pittsburgh, Pa. .- 2.5 2 6.5 or 13
Providence, R. I. 36 3 4 13
Saint lLouis, Mo. 26 3.5 3 6 or 12
San Francisco, Calif. 44 4 5.5 7 or l4
Washington, D. C. 28 3 3 9
Average Lag Duration 27.5 or 28.0 2.89 3.26 7.76 or 11.58
a/ In the case of tuberculosis the observation period was up to 150 years.

— The lags were estimated by eye from sutocorrelogrsms. In case of uncertainty of
choice between two valuas, both values were entered.

e/ Source: Voors, A. W, A Modified Soper-Reed-Frost Model as a Guide in
Programming the Control of Endemic Respiratory Infection.
Chapel Hill, N. C.: University of North Carolina., Doctoral
dissertation, 1965. :
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Tav'e

VII

Fcur Infectious Diseases in 19 Large United States Cities,

PREDICTIONS AND OBRSERVATINNS CCLCERNING THE MODE OF DiU'RATION OF
THE INTERVAL BETWEEN EPIDEMIC WAVES AND THE AVERAGE
DURATION OF THE INTERVAL BETWEEN EPIDEMIC PEAKS

1901-1949%

Duration of Intervals in Years
Prevalence Predicted by Observed From Observed From
Diseases of Assessingd/ Curve Crossings {Autocorrelogram
Susceptibles S, and m Between Epidemiq Interpretation
Waves 2nd Their d/
Regression Line<
Measles .0762 3.8 3.4 2.9
wWhooping Cough .0906 4.5 3.4 3.3
Diphtheria L2451 12.3 5.1 7.8 or 11.6
Tuberculosis .2963 >17.1 13.7 27.5 or 28.0
a/ Source: Voors, A. W, A Modified Soper-Reed-Frost Model as a Guide in
Programming the Control of Endemic Respiratory Infection.
Chapel Hill, N. C.: University of North Carclina. Doctoral
dissertation, 1765,
b/

Predicted value = ig
| m

See Table V of Appendix K.
See Table VI,
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Tadle VIII

CALCULATION OF POINT ESTIMATES FOR CONTACT
RATE FRIOR TO THE ANTIBIOTIC ERA

Expectancy of Dura- Prevalence of Contact Rate
tion of Infectivity Susceptibles
o & o A= oos

Diseases (deys) (proportion) (per day)
Diphtheria 10 .2451 .41
Whooping Cough Z1 . 0906 .53
Measles 9 . 0762 1.46
Influenza 3 .2000 1.67

8/ Source: Gordon, J. E. (ed.) cControl of Communicable Diseases
in Man, American Public Health Association, 9th edition.
New York, 1960.

b/ Source: Voors, A. W. A Modified Soper-Reed-Frost Model as a

Guide in Programming the Control of Endemic Respiratory
Infection. Chapel Hill, N. C.: University of North
Carolina. Doctoral dissertation, 1965.
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Asgignment of independent and Dependent Variatles to the Disease Caseload

Generation Subroutine

1. Independent “ariagbles

Independent variables for the disease caseload generation subroutine should
include alternatives in either post nuclear attack circumstances or preparedness
measures which have a marked influence on pest nuclear attack survival,

Radiation dose is a major determinant of survival. In keeping with current
literature, it i: assumed that the subjects have been irradiated bv a single
dose of ZOOrQEL/

Other major determinants of survival are: adequate supplies of essentials
like food and protection against climate exposure (viz., mortality in the
Netherlands during World War Ilzgj). It is assumed that these supplies will be
sufficient,

It is alsco assumed that the following measures have been taken:

i
1) Effective control of rodents and arthropodsfg/

2) Equal health service and facilities for all social classes if
uniformly adequate service cannot be maintained.

3) Avoidance of the undue concentration of the more susceptible persons
into a "shelter hospital”, that would act as a focus of infection,

4) Avoidance of mass prophylaxis with antibiotics that would cause drug
resistance,

5) Avoidance of disrupting social conditions,.

18]
~3

|

L]
[¢ J
~

~N
O
~

Stoner, R. D., M W. Hesa, and V. P, Bond. Radiation and Infection: An
Annotated Bibliography, Upton, N. Y.: Medical Research Center, Brookhaven
National lLaboratory, May 1965.

Netherlands' Ministry of Soclal Affairs: Malnutrition and Starvation. FEdited
by G. C., E. Burger, J. C. Drummond, and H. R. Sanstead. The Hague: General
State Printing Office, 1948,

Johnson, T. and D. R. Johnaton. Vectortorne Disease and Coutrol, Final Report,
R-0U-303. Research Triangle Park, N. C.: Research Triangle Institute,
June 1968.
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2, Dependent Variabies

The major decisions for post nuclear attack heslth preparedness can (under
the above assumptions) be categorized as indicated in the beginning of this
Chapter:

1) Prevention of the influx of infective individuals into the community
by quarantine and/or elimination of the focus of infection by effcc-
tive cure of the infective individuals.

2) Decrease in the transmission of pathogenic organisms between
infective and susceptibie individuals through hygiene and sanitation,

3) Decrease in the susceptibility or increase in the resistance of
individuals through vaccination or prophylactic antibiotics.

Thus, the decision model includes the following alternatives:

" 1) Quarantine or no quarantine (varicus degrees of quarantine would
not be relevant; see Appendix L),

2) Increased or non-increased level of hygiene and sanitation,

3) Postattack vaccinations and mass prophylaxis with aacibiotics:
yes Or no,

Thus, there are 23 = 8 possible alternative combinatorial sets of parameter

values (Table IX).

G Implications of the Soper-Reed-Frost Modelég/

A mathematical model of a respiratory infection in a community has been developed
consistent with rurrent {nfectious disreace theorv. This mrdel can he naed to provide
predictions--most likely in view of the state of the art--concerning epidemics under

unknown future conditicns like atomic attack or food shortage.

e

|

Soper, op. cit., pp. 34-73, and Reed and Frost, op, c¢it., pp. 201-233,
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Tarle X

ALTERNATIVE SETS OF PARAMETER VALUES RESULTING FROM DECISINNS FOR
THE DISEASE CASELOAD GEX TION MODELR

Type of Decision
Quarantine Hygiene and Sanit.tion Vaccination or
Antibjotics
- - +
- + . )
- + +
+ - -
+ - +
+ -
+ +

a/

- decided not to use for prevention or control.

+ decided to use for prevention or control.
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IV, SUBMODEL INPUT AND OUTPUT DATA

A.  General

This submodel descrihes all the essential elements of a series of simultaneous
postattack epidemice in a finite geographical area, such as a community. The postattack
results are described in terms of number of fatalities, number of patients diseassed,
amount of drugs used, end number of person-days of medical staff occupied.

Figure 9, Basic Inputs and Qutputs of the Diseases and Chronic Conditions Sub-

model of the Total Emergency Health Care System Model, summarizes the submodel's

inputs and outputs, These are discussed in detail in the following secticns,

Population Size at
Beginning of Disease
and Chronic Conditions
Period

Inventory of Health
Resources (Human and
Non~Human)

Disease Parameters,
Influence of Radi-
ation a.d Emergency
Conditions on the
Disease Parameters

Disease and
Chronic
Conditions

Submodel
(30-365 Days)

Chronological Allocation
of Medical Resources

- e = Em e e e e e o = . .

Identification of
Resource Utilization
and Medical Resource
Bottlenecks

-, e e e e e e e = e o

Comparative Analvses of
Medi-al Resources Allo-
cation Between the
Submodels

Identi{fica {on of Bottle-
necks in Preventive
Meagsures (Quarantine

and Sanitation)

Fig. 9. Basic Inputs and Outputs of the Disesse and Chronic Conditions Submodel
of the Totsl Emergency Systems Model.




B. Ingut Data

1.

Preattack Characceristics «f the Communicable Diseases under Consideration

The various relevent characteristics as observed under preattack conditions,

of the respective communicable diseases are msnually entered for each disease sepa-

rately 1

a litera
1)
2)

3)
4)

5)

6)

nto input cards. Then characteristics, values of which were obtalned through
ture review, are:

The freaction of the population that is susceptible under preattsck equili-
brium conditions.

The fraction of the population that is infective under preattack equilibrium
conditions.

The contact rate under preattack conditions,

The "Infective ratlo" under preattack conditions, that is the fraction of
all persons infected, that becomes infective in turn,

The aversge duration of infectivity in the infective persons under preattack
conditions.

The case fatality rate under presttack conditions as applied to the
infectives.

Effects of the Attack on the Disesse Characteristics

Under the assumption that the attack will affect each of the selected com-

municable diseases to & similar extent, the following four coefficients are entered

a8 input

and serve as multiplicetion factors for all of the commnicable discases:

(2) a coefficient for the infective ratio: (b) a coefficient for the comntact rate;

(c) a coeffi-tent for the population fraction that is inftially infective and (d)

a coeffi

cient for the population fraction that is initielly susceptable. The values

for these characteristics were extracted from the limited amount of related litera-

ture tha
3.

t was svailable and are entered manually as input.

Populs:iion Size

The size of the population st the beginning of the Disease and Chronic

Conditions period as generated by the Immediate Effects Submodel, is entered

menually

4.

menually
ss a fun

conside:

as {nput.

Aveilsdbility of Professionsl Staff end Drugs

The level of availabilitv of professional steff and drugs are entered
a< input. Under te follow-on contract {t is intended to model this ievel
ction of deily workload and stockpile depletion, It {s slso hoped that due

wtivn can be given in future resesrch to priority decision rules regardin;

the respective degrees tc which the various diseases are vitelly important.




c, Output Data

Output from the submodel inciudes:

1. The number of newly infectives and the number of fat:l‘’ies, both expressed
by S-day perlods as fractions of the total population, for each of the
diseases listed in Table I,

2. Drug requirements for each of the four drugs listed in Appendix G are
printed as 5-day tctals and as cumulative totals.

3. A combined listing and graphic plot of the total number of infectives for
all diseases and the corresponding number of phvsiciang required to treat
these infectives., This information is given for each fifth dav,

4, Final totals for the entire 365 day period covered by the model are computed
for infectives (overall fotal and subtutals by Jdisease), fatalities (overall

total and subtotals by diserse) drug requirements, and physician time

requirements,

Details concerning the precise uge of inpur cards and a sample of output format
for the Disease and Chronic Conditions Submodel are presented in Appendix D and

Chapter &,
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A.

V. SUBMODEL FUNCTIONS AND LOGIC

General

The purpose of this section is tc show the basic information flow through the

Disease and Chronic Conditions Submodel and tc describe the logic with which this

submodel simulites the generation, treatment, ard fate of the diseased persons,

B¢

Functions of the Submodel

The Disease and Chronic Conditions Submodel is designed to perform the following

functions with respect o each of the pertinent diseases:

cl

1.

3'

1.

Predict tomorrow's fractions of newly infected and newly cured individuals
on the basis of today's population fractions of susceptibles and infectives.
This process begins 30 days after the attack and continues on a day-by-day
basis for 365 days--always using yesterday's predicted fracticns as today's
given fractions,

Compute, for the obtained daily fraction of infectives, the medical staff

and supplies consumed under assumed levels of availability; compute the
respective fractions of fatality thus entaiied; and record these results by
five day periods.

Repeat this procedure for various levels of radiation (affecting the individ-
ual's susceptibility to disease ar hence the rate of infection), for various
levels of quarantine (eliminating some of the more esoteric diseases from
consuming staff and supplies and from contributing to fatality), and for

various levels of sanitation (affecting the rate of infecticn).

Submodel Logic

Data Flow

A step~by-step description of the flow chart for the Disease and Chronic

Conditinns Submodel {see Figure 10) 1s presented below.

Step i, Control card parameters are read in. These parameters
indicate the severity of radiation, the presence of quarantine, the
level of sanitation measures, the vaccination-and-pretreatment status
of the population, and the initisl size of the population.

Step 2. Read in the Disease Table. The contents of this table were
previously discussed under Section IV, B, 1,

Step 3. Set the time clock to indicate the first day to which the
submodel is applied--actually the 31st day of the postattack period.
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) Step 1
Read in
Control

Card
Step 2

Read 1in
Disease
Table

* Step 3

Set Time Clock
To First Day
i.e..t=1
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Step 4. Calculate for each disease the fraction of new infectives
for the day on which the time is set., This current day's fraction
of newly infectives is the product of (a) the last day's fraction of
susceptibles, (b) the infection ratio, (c) the contact rate, and

(d) the last day's fraction of infectives. The total fraction of
infected persons is then determined by:

8) Subtracting the fraction of the previous day's case fatalities
from the previous day's fraction of infectives, This result
is called the "remainder of the previous day's infectives
fraction,"

b. Adding the current day's fraction of new infectives to the
"remainder of the previcus day's infective fraction"

c. Computing the fraction of cured infectives for the current
day; i.e., the fraction of the population that passed from
the infective into the immune state,

d. Subtracting the result of (c) from (b)

Step 5. Print output as previously discussed under Output Data;
Section IV, C,

Step 6. The time clock is advanced by one day.

Step 7. A check is made for the end of the 365-day period to which
this submodel is applied.

Step 8. Print final totals and subtotals as previously discussed under
Output Data, Section IV, C,

2. Decision Rules

Two decision rules used in the Disease and Chronic Conditions Submodel are:
(1) change in basic disease parameters and (2) factors reiating to the increase
of death rate due to the lack of physician time and/or drugs, The changes in
disease parameters for fallout are described in Chepter 4 and factors relating
to changes in death rate due to the insufficiency of medical resources is
described in Appendix G.

It must be noted that this model is limited (a) by its consideration of each
disease independently of the other diseases and (b) by disregarding the state in
which each person finds himself with respect to the other diseases; i.e,, suscep-

tible, infective, immune-or-cured, or dead.
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Chapter 4

Total Emergency Health Care System Model Case Study

I. INTRODUCTION

In consultatior with Office of Civil Defense (OCD) and Public Health Service
(PHS) personnel, New Orleans was chosen as the test city for the Total Emergency Health
Care System Model. The availability of medical resource data and the inclusion of
New Orleans in a recent damage assessment study were the prime reasons for its
selection.

The weapon effects were from a 1.5 MT weapon, surface burst at a distance of
approximately 9 miles scuth of the center of the city, which has a resident population
of 1,002,000.

I1. IMMEDIATE EFFECTS SUBMODEL

A. Input Data
1. Injuries

Since the geographic location of physicians (described below) was available
only by Post Office ZIP Code areas, these areas were taken as the grids used in
the model. For the weapon described above, the injury spectrum for each ZIP
Code area was obtained through application of the unclassified Dikewood casualty
curves.l/ These curves indicate the percent of the population that will receive
injuries of specified types as a function of shielding and weapon parameters.
Used in the New Orleans case study were the Dikewood 'brick building" curves
(most appropriate for the area) and the overpressures calculated using the
slant range from the weapon to each of the areas. Results of‘these analyses
were prepared in the format described in Appendix D for processing by the sub-
model. The 25 injuries studied and their treatment parameters are shown in
Table X. It is noted that the treatment levels indicated for the injuries in
this case study are generally higher than the preferred treatment levels described

in Appendix B; i.e., "upgraded". A preliminiry run of the New Orleans case study

Davis, L. Wayne, et al. Prediction of Urban Casualties and the Medical Load From
a High-Yield Nuclear Burst. Albuquerque, N. Mex.: The Dikewood Corporation,
December, 1967.
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indicated that the majority of the injuries were relatively minor. As a result,
the available physician time was not being utilized when treatment levels defined
in Appendix B were used, Therefore, treatment levels were upgraded to more
realistically simulate the case study postattack situaticn.

The numbers of casualties determined for each of the 24 ZIP Code areas by type
of injury are shown in Table XI. The Dikewood injury curves do not indicate posgsi-
ble multiple injuries per individual; the Total Emergency Health Care System Model
treats each injury as an independent casualty. The grand total of casualties in
Table XI indicates that 387,030 pecple (approximately 39 percent of the one-
million preattack population) were injured by the weapon, either by fallout and/or
direct effects. It is noted that most of the casualties suffered from minor
lacerations and dislocations, moderate burns, and fallout radiation. In fact,
fallout radiation accounted for 286,000, or 73 percent of all casualties.

2. Medical Resources

The preattack population (1,002,000) and the number of preattack physicians
(2,076) located in the 24 ZIP Code areas of New Orleans were based on 1966 estimates
furnished by the National Resource Analysis Center (NRAC). The physician data
were based on the address at which the physician received his mail from the Federal
Government. The number of allied medical personnel (6,585) in the entire city
was obtained from a Public Health Service document;g/ unfortunately, this infor-
mation was not available by ZIP Code area.

Information on preattack medical gsupplies for New Orleans, supplied by the
Public Health Service, was used to form treatment packages (items necessary
for the treatment of specific injuries) for the case study. Requirements for
these medical packages (described in Appendix M) and other treatment parameters

(described in Appendix B) are shown in Table X for each of the 25 injuries.
Table XII shows the number of surviving physicians, allied medical person-

nel, and the number of '"treatment packages" available to the physicians, These
data on surviving physicians in each ZIP Code area were supplied by the Office
of Civil Defense., The other medical resources (allied medical personnel and
supplies) were assumed to survive the attack and to be distributed in the same
proportion as surviving physicians. Under this assumption, 62 percent of the

preattack resources survived and were distributed to the 24 ZIP Code areas.

Public Health Service, Health Manpower Source Book, Section 19, Location of Man-
power in 8 Occupations. Public Health Service Publication Number 263 (Section 19),
Washington, D. C,: U, S. Government Printing Office, 1965,
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Hospitals, and consequently surgical teams, are assumed by the model to be
located in one grid; ZIP Code 70115 was chosen because the majority of the hos-
pital facilities are located in this area The number of surgical teams in this
grid was assumed to be one-sixth of the number ot surviving pnysicians 1in the
grid.

The format for these resource input data processed by the model is described
in detafil in Appendix D.

B, Results
The distribution of the 387,000 casualties considered during the Immediate Effects
time period (60 days postattack) is given in Table XIII by type of preferred treatment
and treatment actually given.
A tctal of 5436 medical personnel survived the attack; i.e., 1301 physicians and
4135 gllied medical personnel. As stated previously, simulating the New Orieans
postattack medical situation using the prefe-red treatment levels described in
Appendix B resulted in po "downgrading' of treatment level; i.e., adequate personnel
were available at the preferred treatment level for each injury. However, using upgraded
treatment levels s.own in Table X required more physician time than was available. This
is illustvated in Table XIII, which shows that 57,120 of the 104,250 casualties for
whom physician trcaiiment was prefcovrred were actually treated by allied medical personnel.
Further examination of Table XIII serves to indicate thet a sufficient number
of allied medical personnel survived because they were able to treat all casualties
(325,720) assigned to them; i.e., the 268,600 who were designated as being in the
allied medical personnel preferred treatment level, and the 57,120 who were down-
graded from the physician level of preferred treatment. Note that the row labeled
as "untreated" shows that only 13,820 casualties received no treatment. However,
all of these casualties are listed under the column labeled 'no treatment”; i.e.,
those casualties that were so severely injured that treatment would be of no avail,
irrespective (f its 'evel, or those with minor injurles that require no medical

attention to assure recovery.

Table XI1I
NUMBER OF CASUALTIES AT EACH ASSIGNED LEVEL OF TREATMENT

(All Values are in Tens)
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The medical treatment packages available initially for treatment of these
casualties, the numbers used, and those remaining after the 60 day Immediate Effects
period are shown in Table XIV, These totals for the entire City of New Orleans
indicate that sufficient treatment packages were always available, However, a de-
tailed analysis of results for each of the ZIP Code areas indicated that the supplies
of several types of packages were depleted and the model does not consider movement
of medical supplies or pe.sonnel from one grid to another, For example, the supply
2f Treatment Package BI, which is used in the treatment of severe burns, was inade-

quate in 20 of the 24 ZIP Code areas,

Table XIV

STATUS OF INVENTORY OF EACH MEDICAL TREATMENT PACKAGE
(All values are in Tens)

Treatment Package BI A T P S M AF BA
Initial 146 18 128 79 196 1000 0 14945
Final 37 1! 78 48 193 413 0 13575
Used 109 7 50 EN 3 587 0 1370
Treatment Package LF W H HF FF E v
Initial 0 37 24842 0 0 0 77
Final 0 107 24609 0 0 0 75

Used 0 269 233 0 Q 0 N




The numbers of deaths during the Immediate Effects time pericd are reported by
level of treatment in Table XV, which shows a total of 184,900 deatns; this is
approximateiy 18.5 percent of the preattack pcpulation. A comparison of thrse deaths
with the casualty data reported in Table XIII indicates that deaths occurred for 47.8
percent of the 387,030 casualties. The high death rate among the injured is due
primarily to the high mortality (167,000) from fallout (it was assumed that medical
attention did not affect the number of (eaths-- s assumption could be in error).
Deaths expressed as a percentage of casualties, by level of preferred treatment, were
40.8 percert for "No Treatment', 27.8 percent for "Surgical Teams”, 10.8 percent for

"Physicians", and 62.5 percent for "Allied Medical Personnel".

Table XV

NUMBER OF DEATHS AT EACH ASSIGNED TREATMENT LEVEL
(All Values are in Tens)
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Upper and lower bounds for fatalities in the Immediate Effects Submodel were
obtained by using the respective probabflities of death assoctated with "no treatment”
and vith "adequate treatment.” Thuese results indicate that 184,000 deaths would
vecur Lf everyone received medical care and 188,000 deaths would vocur {f no medical

vare was available.

“-4




III. DISEASE AND CHRONIC CONDITIONS SUBMODEL

A. Input Data

The 817,000 survivors of the Immediate Effects Submodel were use”? as input for
the Disease and Chronic Conditions Submodel and subtiected *~ ..ine diseases under the
simulated postattack conditions of this study. The nine discases are: Influenza,
Paratyphoid B, Bacterial Dysentery, Infectious Hepatitis, Whooping Cough, Measles,
Diphtheria, Gastroenteritis, and Scarlet Fever., Other communicable diseases are
presently absent in most major U, S, Citles, and could be prevented by effective
quarantine. Pneumococcal pneumonia is not considered in this test run, since {t
would act as a complicating disease, rather than as an epidemic, per se.

A brief discussion of the values assigned to the parameters used to analyze the
effects of these diseases on the surviving population and the method by which they
were calculated from preattack equilibrium conditions is presented below:

1) The fraction of the infected persons that will become {nfective them-
selves is called "infective ratio" (AL) and i{s, for the purpose of
cbtaining preattack equilibrium values, assumed to egual 0.5. Under
postattack conditions, it is assumed to have increased to 0,75 due to
radiati.n exposure,

2) The initial infective fraction (SSS) was cbtained by assuming (a) an
influx of new susceptibles into the population (mainly as newborn)
equalling 2 percent per vear (which is 2 ner 36,500 person-davs) and
(b) a value 0,5 for the preattack infective ratio (AlL). Hence, the
inftial infective fraction .quals D 36,500; where D is the duratfon of
infectivity {n an infective person, as obtained from varfous textbooks,

}3)  The initial susceptible fraction (SR) was chtained from the time interval
(2) between twe consecutive wave peaks by applving the formyla s » t @
(% = susceptidble fraction; m « birth rate! to preattack data ovbtalned

from the .iterature {(sec Section 1T of Chapter 3,

4)  The contazt rate (TR was calvulated with the tormuia:
TH & J_/(SRMAL®DINY | where Al = {nfective tatfo ard DIN {x dyration of
the infectivity in an intective. Oniv for influenra could the conhtact
rate be calvulated more directiv from the observations (see Section 111

of Chapter 1),




In addi*ticen to using intravenous infusion units and broad spectrum antibiotics
(ampicillin equivalent) that were not consumed by the Immediate Effects Submodel,
penicillin and sulfa were also required for the Disease and Chronic Conditiocns

Submodel of the total model. The surviving penicillin and sulfa were calculated from

the preattack total in a manner similar to that described in Section I, A.2., of
this Chapter.
3. Results

Figure 11 provides a comprehensive picture of the postattack posture of
New Orleans urnder the assumption that an unlimited supply of physicians is available.
The number of diseased (infective) individuals and the number of physicians required
for treatmen. are plotted for each 5-day interval throughout the entire '"Disease and
Chronic Condition Perjond"” of 30-365 days.

Further attention should be given to two peaks that cccur in both graphs--a
sharp peak at 55 days and a broad peak around 150 days. The 55th-day peak can be
attributed to = widespread epidemic of gastroenteritis, whereas the broad 150th-day
peak can be blamed for the most o=t to a combination of three diseases; 1i.e.,
bacterial dysentery, paratyphoid, and influenza (see Table XVI). The shaded area of
the "Physicians Required" curve represents physician time that exceeds the estimated
time available.

Table XVII presents, by 5-day intervals, the drug requirements for the epidemics.
1t is apparent that the drug supp.y in Now Orleans was inadequ..:e with respect to
intravenous infusion units (57,000 units available--290,104 units required), pericillin
(281,000 M units available--895,806 !i units required), and broad spectrum antibiotics
(ampicillin equivalent) (971,000 grams availabli:--1,430,804 grams required). On
the other hand, there was a sufficient quantity of sulfa available.

It is important to note that under these ideal 'drug and physician" conditions
only 15,494 orv 1.9 percent of the original 817,000 survivors of the Immediate Effects
period died from infectious diseases during the ensuing year (see Table XVIII).

In order to provide a more accurate picture of the 'postattack disease problem'
in New Orleans, a simulation run was made utilizing those medical resources estimated
to actually be avajlable (see Section III.A. of this Chapter). This more realistic
approach resulted in 31,485 deaths as shown in Table XIX. This represents 3.85 percent
of the 817,000 survivors of the Immediate Effects time period and is 15,991 more
fatalities than would occur with maximum medical resources available. A comparison
of disease death totals in Tables XVIII and XIX indicates that most of the added
fatalities (11,653) can be attributed to gastroenteritis. This fact is easily explained

by the short supply of intravenous infusion units that are needed to treat this disease.
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An upper limit to this problem was obtained by simulating the New Orleans

study with no drugs and no physicians available (see Table XX). These results show

that 284,835 fatalities would occur under these conditions--35 percent of the survivors
of the Immediate Effects phase or an 1,839 percent increase over the minimum estimate

(maximum drugs and physicians available) and a 905 percent increase over the
“realistic" estimates.
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1V, SUMMARY AND CONCLUSI1ONS
A. Summary

The Total Emergency Health Care System Model was used to examine the postattack
health posture of New Orleans, Louisiana following a surface burst of a 1.5 MT thermo-
nuclear weapon at a point approximately 9 miles south of the city's center. The Model
simulates a one-year postattack period employing an Immediate Effects Submoiel
(operating to 60 days postattack) and a visease and Chronic Conditions Submodel
(operating out to one year). Casualties from direct weapons effects serve as inpul to
the Immediate Effects Submodel; surviving injured and the uninjured population are
input to the Disease Subrniodel and analyzed as to their ability to survive nine communi-
cable Jiseases under one year postattack conditions.

Latest Dikewood casualty curves for this weapon were applicd to each Zip Code
area to obtain the number and type of expected injuries. Medicai supply data were
furnished by the Pubiic Health Service, numbers of physicians were supplied by 0CD,
and fallout casualties were obtained from a READY run. Surviving medical supplies
were estimated to be proportionate to the surviving phvsiciane,

Approximately 387,000 or 39 percent of the 1,002,000 preattack irhablitants of
New Nrleans were injured by the weapon, either through fallout and/or direct eftects--
and 185,000 or 47.8 percent of these injurie~ were fatal. Most of these fatalities
(173,000 or 93.5 percent of direct effects fatalities) were .u: directly or indirectiy
tuv the effects of fallout radiation.

Included dmong these survivors were 5,436 medical persoanei; t.e., 1,301
physicians and 4,135 allied medical personnel; surviving physicians proved to be
inddequate during both the Imeediate Fffects and the one vear Communicable Diseases
and Chronte Condfitions postattack periods.

Of the 817,000 people who survived the {mmediate citects time period, approxi-
mately 51,485 or J.85 percent died from fnfecti~us Jiseases Juring the ensuing vear.

1t was found that New drledns had an adequate overal!l supplv of the various
medical treatment packages required for treating vdarualties durtng the immcdiate
effects perfed although shortages of xome types ot ackages (especialls those needed
tor severe burnst were noted o several ot the Jd Jip Code areas. However, as shown
in fablie AXI, three of the four Jdrug supplies reguired for the one vear

post 'LAacK

+

Lompunjcable Ulsease and Chroatu Conditions Sudbsodel petiod were inadeguiate. Thaese

shurtages were contributing factors to the high nusber of fatalitles {Ji,«85)

attributed to infectivus Jdiseases.

.
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Table XXI

DRUGS REQUIRED AND AVAILABLE FOR COMMUNICABLE DISEASE PMASE
(New Orleans Case Study)

Available

Required (On Hand)

Intravenous Infusion (Units) 290,104 57,000
Penicillin (Millions of Units) 895,806 281,000
Sulfa (Grams) 1,114,160 1,268,0C0
Broad-Spectrum Antibiotics (Grams) 1,430,804 971,000

(Ampicillin Equivalent)

In order to provide more insight into the results of this study, upper and
lower bounds of fatalities were estimated by applying death probabilities based on
the availability of unlimited medical resources (lower bound) and no medical resources
(upper bound). The results of these computation are presented in Table XXII and
in Fig. 12.

Table XXII

INJURIES AND FATALITIES FOR THREE LEVELS OF MEDICAL SUPPLIES
(New Orleans Case Study)

Deaths Injuries
Unlimited Estimated No
Medical Available Med{cal
cause of Death Resources Resources Resources
Instantaneous irect Effects 2,000 2,000 2,000 -
Immediate Effects (60 Days)
a) Fallout Omnly 167,000 167,000 167,000 282,000
b) Injuries (No Fallout) 9,400 10,000 2,550 91,50n
) lInjuries (Complicated
by Fallout) 5,600 6,000 b5 13,500
Comsunicable Diseasne
(30-365 Jays) 19,494 Jl,w0S 284,835 -
Total 199,494 216,85 “72,835 387,000
Percent Deaths of 1,00.,000
Preattach Population 205 222 7%

“-1y
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It 18 important to note that although medical resources have relatively little
effect on reducing fatalitjies during the 60 day Immediate Effects period, they
do have a profound effect on the number of fatalities that occur during the ensuing
year,
B. Conclusions

After taking into consideration “hose limitations imposed by data, assumptions,

and parameters, the results of this study suggest the following conclusions.

1) Improvement in the emergency capabilities of New Orleans pertipent to the
60-day Immediate Effects Postattack Period would result in a small reduction
of fatalities (185,000 to 184,000). This is due primarily to the fact that
fallout radiation was a predominant factor in the number of faral and non-
fatal injuries suffered during this period. A slight shortage of physicians
wvas also indicated but an adequate number of medical treatment packages and
surviving allied medical personnel served to minimize this discrepancy.

2) A shortage of required drugs was evident during the cne-year Communicable
Disease and Chronic Conditions phase. Since projected upper and lower
fatality limits for this period indicate that preventable deaths are highly
dependent upon these supplies, preattack medical supply planning and
stockpiling of required drugs are suggested--especially with respect to
Intravenous Infusion and penicillin.

3) A lack of available physicians, though apparent throughout the entire
postattack period, was especially cried ‘nring the epidemics that
occurred around the 55th and 150th davs of the Communicable Disease and

Chronic Conditions time period.
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Appendix A

Glossary of Terms and Symbols for the Total Health
Care System Model

The purpose ot this glossary is to introduce a
precise definition for those terms and symbols used
to describe the Total Health Care Svstem Model. These
definitions are nrovided separately for the two sub-
models of this Total Modol; i.e., The Immediate Effects
Submodel and the Discase and Chronic Conditiocs. Sub-
model.




Appendix A

Glossary of Terms and Symbols for tne Total Health
Care System Model

I. GLOSSARY OF TERMS FOR THE IMMEDIATE EFFECTS SUBMODEL

Allied Medical Personnel. A team consisting of a combination of two or more personrel
trained as nurses, pharmacists, veterinarians or dentists.

Casualty. Designation restricted here to injured persons who reach the emergency
treatment center alive.

Casualtv Spectrum (injury Spectrum). The list of injury types and the number of
casualties reported for each.

UDowngrading. Assigning a batch of casualties to be treated by personnel at the next
lower level of treatment. For example, under some conditions casualties with injuries
for which the preferred level is the physician level may be treated by allied medical
personnel, or injuries that should be treated by surgical teams might be treated by
physicians.

Emergency Treatment Center. A station established in each subdivision (grid) of an
attack area not having a central hospital. All casualties in each of these subdivisions
are collected at the Emergency Treatment Center for triage and either treated in the
Center or transferred to the central hospital. The hospital also serves as an

tmergency Treatment Center for the subdivision in which it is located.

First Phase. Sece Infitial Treatmeat Phase.

Follow-on Treatment. The medical attention given during the time period sfter the
inftial treatment time period to casualties who have or have not received {nitial
treatment in the Initial Ireatment Phase. For the purposes of alleocating resources,
phvsicians dre assumed to work one-half time or 12 hours per dav.

ivlden Period  The period tmmediately tollowing the attack {m which delay in treatment

Jues not cause the probability of death to rise.

erid.  dne of the subdivisions of the communfity, each of which contains cne Emergency
ir¢atment Center.

tospital. The central hospital of a given district. It mav represent a vorposite
ot several hospitalx treated as o unit.  The hospital serves as the Pacrgency Treat-
;ent cenler tor the subdivision {n which (¢ ix leocated, The hosptial (s the only
place which provides treatzment by skilled surgical teams.

lemediate Lffects. (amage and injury inflivted by the blast, thermal radiation, and
Ratma radlation »f the weapon at the =moment of detonation and immediateiy thereafter.

Iasediate Lifects Recovery Fhase. The second part of the Ismediate Effects Submodel,
thin phase invoives (3) follow on treatment for these surviving casualties whe recefved
fnttfal treatment, and (b)) treatzent of additional casualties drought {n after the
inft{al treatmen?t phase.




l
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Initial Treatmert Phase. The first pbase of the Immediate Effects Submodel, this
phase is concerened with the triage and intital treatment of victims of the immediate
effects of the weapon. {(Physicians work 24 hours a day.)

Injury Caseload. Number of casualties with 1 particular injury.

Medical Resources. Medical resources congist of treatment personnel and medical
supplies. Treatment personnel are further classified in the mecdel as physicians
(all physicians, including vsteopaths, regardless of specialty) or as allied medical
personnel; i.c., professionals, excepting physicians, associated with the medical
field. For example, dentists, veterinarians, nurses, and x-ray technicians would be
considered as allied medical personnel. Medical supplies are those expendable items
used in treating injuries; i.e., drugs, dressings, splints, fluids, etc.

Medical Supply Package. (Also referred to as "Medical Treatment Package”). A kit
designed tu provide all medical supplies necessary to treat one casualtv suffering
from a particular injury. There may be as many kinds of packages as there are in-
juries, or they may be designed so that one type of package is appropriate to more
than one type of fujury. Sixteen medical trea:m?nt packages required for classes
of injuries have been derived based on the MENDL/ recommendations.

Physician. A team consisting of a physician and one or more assistants.

Preferred Treatment Lovel. Refers to the level of treatment associated with each
injury. Casualties will be given treatment at this level except when personnel
are uniavailable or when 4 batter prognosis will result from earlier treatment bv

personiel at the next lower level.

Priority for Treatment. The priority assigned to the several injurv categories
determines the order in which the batches of casualties will be attended to. The
nighest priority is "1" and the lowest is "9". Since priority is independent of
level of treatment, injuries within each are taken in order sequentially accordirg
to the code numbers of the injuries.

Surgical Team. A team coasisting of at least (4) one surgeou, (b) one anesthetist,
did () two nurses (or equivalent;.

Survivors.  Consists of surviving uninjured and casualties processed bv either an
Prergency freatment Center or hospitaid.

Sreatzent Facilitfes. Treatment facitities are of two tvpes; i.e., hospital and
CRETReney treatment facilitics.  The hospital facilities include opersting ruoms,
spevialized persennel, and medical supplivs.  General and speciafzed hospitals gnd
the JUU-bed Packapged Disaster Hospitals correspouad to this facilit definttion. ™
Prmerpenny treatment tacilitie: may be jovated at a4 stovked fatlour sheifoer, a

plivsivian's oftice, a medical ares building, or a drug store,

N

The lreatsent ot

o Uasualties in 5 Sational Emergency,

Tiauma

Reseath oroup. Tthacs, XY 0 (ornell Dndversity Belical Colleze, 1924,

TAustere Medival vare for ifsaster.”  Washington, .0, L,.8, buhlic Health
Jevvice, 1964,
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Treatment Level. The level of treatment corresponds to the category of personnel
administering it. The four treatment levcls considered in the Initial Treatment
Phase are given as follows:

a)

b)

c)

d)

No Treatment (level 1): No medical personnei are assigned at this level
although simple custodial and supervisory care should be availatle to
keep patients in this treatment level (those whose prognosis is poor) as
comfortable as possible and to allow them to attend basic body needs.

Surgical Team (level 2): A team consisting of at least (1) onme surgeon,
(1) one anesthetist, and (3) two rurses (or equivalent).

Physician (level 3): A physician and an assistant or assistants.

Allted Medical Personnel (level 4): A team of two or more nurses,
pharmacists, veterinarians, or personnel trained in self-help.

Treatment Personnel. Treatment personnel are defined under "Medical Resources"

above.

Triage.

The sorting of incoming casualties into groups according to treatment level.

Each injury in this model has assigned to it a preferred level of treatment, but in
the process of triage, the actual level of treatment may be changed according to
rules governing different circumstances,

A4
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Symbol or
Unit of Study

A

Contact

)\l

TI. GLOSSARY OF TERMS AND SYMBOLS FOR THE DISEASE AND CHRONIC CONDITIONS SUBMODEL

Definition

Crude sttack rate, expressed as number of individuals
per unit of time.

The proportion of infected individuals that will
become infective.

This product is the average number of days of infec-
tivity of an infected host (the index of lack of
nonspecified host resistance" or, less accurately,
""the nonspecific susceptibility).

Secondary attack ratio, expressed as the proportion
of the cammunity members that is secondarily attacked.

An adequete contact is the exchange of breath and/or
respiratory tract secretions between two individuals
that is long and i.itensive enough to transmit the
disease if one of the two individuals involved is
susceptible and the other infective.

Average duration (expressed in time units) of infec-
tivity in a host who has become infective. (Also
uged in subscripts, see t).

This symbol, piaced befcre a quantity, indicates che
smount of change in this quantity during a very short
time.

Base of the Naperian (natural) logarithm with the
constant value 2.71828...

The number of infective individuals irn the community.

The number of infective individuals in the community
at time t.

The prevalence of infectives in the community, expressed

as a proportion.

The rate (number of persons per unit of time) at which
a community member establishes contact with the other

susceptible, infective, or immune members. This rate

is named contact rate.

The rate (number of individuals per time unit) at
which a community member establishes contacts
with the other susceptible, infective, or immune
members of his household.

A-3
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Symbol or
Unit of Study Definition

At The rate (number of individuasls per time unit) at
which a community member establishies contacts with
other susceptible, infective, or immune members out-
side of his household.

The number of births per time unit in the comrunity.

Birth rate of the community, expressed as a proportion
per unit of time.

The total number of individuals {membersg) in the
community.

The number of individuals in a household.

The subscript o indicates the "equilibriel" or
"homeostatic" value towards which the mean value of
a time series of the relevant characteristic moves,
if this mean is taken over a sufficiently long time.
In stechastic models where there is a statiomary
process, the equivalent is the "expected value."

Pv(XY/2) The probability of the intersection of events X and
¥, given event Z.

probability of at least one contact between any
specified individuals in the community during
unit of time.

The probability of at least one contact between any
two specified individuals in the same household
within the community during one unit of time.

The probability of at least one contact between any
two specified individuals belonging to different
households within the community during one unit of
time.

The probability of no contact between any two speci-
fied individusls in the community during one time
unit.

The probability of no contact between any two speci-
fied individuals, belonging to the same household,
during one unit of time.

The probability of no contact between any two speci-
fied individuals belonging to different households
within the community, during one unit of time.

The number of susceptible individuals in the community.

The number of susceptible individuals in the community
at time t.




Symbol or
Unit of Study

)

Unit of Time

Definition

The prevalence of susceptibles in the community
expressed as a proportion.

The subscript t refers to the point in time to which
the relevant subscripted characteristic is applicable
(see for instance St below).

Unless otherwise specified, the time unit is the time
interval between infection and beginning of infec-
tivity ("the incubation period").

The number of immmune individuals in the community.

The number of immune individuals in the cammunity at
time t.
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Appendix B

Injury Prognoses and Treatment Times in Disaster Medicine

This appendix describes the data elements representing
the prognoses and treatment parameters for each injury
class. These data form part of the input for the Immediate
Effects Submodel.




Appendix B

Injury Prognoses and iIreatment Times in Disaster Medicine

I. INTRODUCTION

Emergency health preparedness includes such programs as the stock-
piling of essential medical items, the development and deployment of
federally subsidized Packaged Disaster Hospitals, and the trairing of

professionals and nonprofessionals in emergency medical care. Because

of the number and complexity of variables associated with emergency health

preparedness, it was necessary to use a simulation modeling approach to
study the immediate and late effects of a disaster. In the time sense
used here, "immediate" implies roughly from time zero to two weeks and
is primarily concerned with injured casualties and their care, Late

effects are associated with the time period from two weeks to about one

year and include problems associated with acute and chronic diseases.




II. PURPOSE OF THIS APPENDIX

A necessary input to the Immediate cffects Simulation Model is a
description of t.e injuries suffered by surviving casualties, along with
the probable fate of each injury category when afforded a specified treat-
ment after a specified delay. This Appendix (B) outlines the data
which were derived for each injury in order to simulate emergency medical
care.

Associated with each injury is a prognosis as a function of time
delay in treatment, which takes the general form shown in Figure B-1.

The time from injury to a time, Tl’ is a period during which delay in
treatment will not affect the prognosis. After Tl’ further delays in
treatment are accompanied by a linear increase in probability of death.
At some time, TZ' the prognosis has deteriorated to Pnt’ the prognosis
associated with no treatment,

Sinc> little quantative data are available, the prognosis data used was
obtained from a local medical consultant, Dr. Warner Wells. Since the simu-
lation can accept data from other sources as well, it is expected that the
effect of different notions about disaster prognoses may be tested in future
studies. The relative magnitude of differences between upper and lower
bounds on fatalities for a given caseload are directly related to the differ-

ences between prognoses under ideal or no treatment conditions.
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ITI, DESCRIPTION OF DATA ELEMENTS

A. Nature of Infury

Little data are available that relates specific injuries to thermonuclear weapon
parameters; consequently, the injury spectrum used in this study is largely a reflec-
tion of plausible reasoning and judgment. Of chief importance in the inirial selection
ot the injury spectrum was an earlier study of Wells and Cromartiei/ in which an
illness and injury spectrum of a model community was examined in terms of survival
with varying degrees of medical austerity.

In this baseline study, four categories of injury severity (ranging from severe
to minor) were used to classify injuries juxtaposed with differing levels of medical
care. The current study includes injuries trom only the two most serious categories,

i.e.,

(a) Category I - injuries which could not be adequately treated except in a

hospital; and

(b) Category II - injurics which could be treated by physicians and assistants

with drugs, Jressings and other equipment outside a hospital,

Also of considerable importance in defining the injury spectrum were early
historical findings, the atomic bombings of Japan, the Texas City, Texas disaster,
and the experience gained by Dr. Wells while in residence at Hiroshima, Japan duriny
the Atomic Bomb Casualty Commissicn Studies. The injuries used as input to the model
are categorized in the manner described above, i.e¢., the most severe injuries will be
tound in Category [ and those of a lesser severity in Category I1. Ir addition, the
injuries may be further divided into 7 major classitications:

1. Mechanical
2 Burn

3. Pure Radiation

4. Mechanfcal-burn injury combination

5. Mechanical injury and spevificd radiation dose

6. Burn injury and apecitfied radiatior dose

7. Mechanical-burn injury combination with speciticd radiativon dune,

1/ Wells, W. L. and W. J. Cromartie. Shelter Medical Support Svstem Study.

koesearcis
Triangle Park, N. €.: Rescarch Triarcle Institule, 1961,
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Specific injury titles tollow the nomenclature used in the International Classi-
tication of Diseases, Adaptcdg/ (ICDA). The mechanical- irn injury combinations are
not as specific and do not follow the ICDA nomenclature. It was decided to consider
combination injuries only in broad terms of severity, i.e., severe mechanical-severe
burn, severe mechanical-moderate burn, moderate mechanical-severe burn, and moderate
mechanicai-moderate burn. The severe burn or mechanica. injury component of a
combination injury denotes a severity such as that found in Categery I injuries
(described above). A moderate burn or mechanical injury component of a combination

injury is indicative of *he severity of injuries found in Category II injuries.

B. Prognoses Data

The probability of death, or prognosis, for each injury has been estimated by
Dr. Wells using available c¢linical data and judgment. The ICDA nomenclature
(mentioned above) has figured heavily in these estimat.s. As used in ICDA, ecach
injury title in the sample may actually be indicative of several types of specific
lesions which might occur to the anatomical region, organ, or skeletal structure
mentioned. For instance, '"skull fracture" as used in the sample includes fractures
te the vault of the skull and the base of the skull. Fractures of long bones, such
as the femur or tibia as used in the sample, are indicative of both closed and open
tractures. [nternal injuries to the organs within the chest and abdomen are also
nonspecitic. That is, an injury to the gastrointestinal tract is representative of
damage to the stomach, duodenum, intestine, volon, etc., which may have resulted from
severe contusions, hematoma, or tearing. In each case, the prognosis tor the injury
stated in the table is indicative of the average prognocis for all injuries within
that ICDA xrouping. The relative severity of the injurics is reflected by thetr
placement within one ot the two categories discussed above. QObviously, these prog-
noses data are not previse. They are, however, reasonable and plausible tirst
approximations to mass disaster injury prognoscs.

Historical tindings were alxo important in the development of the prognosis dats.
In order to provide bascline e¢stimates vi injury prognoscs under austere condf{tions,
1t vas necessary o oxamine in some detail historical data associated with physical

injury, woundings, and impajrments,

1/ laternational Classificetion of Dizcascs, Adepied, U. S. Department f Health,
Education and Weltare. Weshington, * . : dablic tealth Setvce, 1942




Data are also presented on cach injury as further complicated by LDSO and LD25
doses of whole body radiation. Data on LDZO doses were provided by Dr. Wells. For
a specified injury, L025 data are linear interpolations between the LDSO data and the
data considering no radiation dose. Injuries complicated by radiation doses above

LD, . were not considered because of the very high probability of death.

>0 The various prognoses have been determined for three levels of treatment and as
a function of time delay to treatment. These take the form shown in Figure B-2. The
various treatment options and the preferred level of treatment are discussed in detail
in Sections III, ¢ end D of this Appendix,

Each injury prognosis at a specified treatment level includes the following
factors:
l. Pin (Probability of Death at T< Tim) - an estimate of the probability chat

a casualty chosen at random from all of the same type will die if given

carly specificd treatment. The probability of death (Pnc) has also been
cstimated, assuming the injury receives no formal treatment,

2. Tim (Effective Treatment Time) - a period of time during which there is
essentially no change in probability of mortality because of delay in
treatment., Tim is necessarily the same for all leveis of treatment,

3. Tmax (Ineffectual Treatment Time) - the time after which the probability
of death with a specified treatment is cqual to the probability of death
with no formal treatment. For a given injury, Tmax has heen arbitrarily
set to be numerically equal te twice Tim for all levels of treatment. The
relative importance of this approximate rul. has been determined. Test runs
with varying values of Tmax indicate that it is a critical parameter in
assessing injury survivors (see Chapter 2). It is revognized that ne ratio
would be equally applicable to all injuries; it 1s to be emphasized that the
Tmax data currently employed represents a compromise which has allowed model

deve lopment work to continue.

. Treatment Lovel

Assoctated with cach injury are several treatment levels, of which one s

Vorelterred®

tdetined subsequentlyv),  These treatment levels, which were described by
M. Wells in an carlier stody, ioctude:

1. No Formal Trratment Level

nln

tesuvalties with injurics classifind ax are ¢ither bevond help or se

siichlin anjured that treatmeny iy ol h yritesd tor cutvival,
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2. Surgical Team Level

Treatment at this level {s of the highest quality. It consists of facilities
and staff corresponding to those of a fully-equipped hospital, including operating
rooms, surgical teams, and supplies. This level also includes the 200-bed
Packaged Disaster Hospitals.

3. Physician Level

Treatment at this level is administered by, or under the direction of, a
physician at a hospital or an emergency treatment center. Physicians, other
personnel (allied medicalgl and medical self-helpi/), and specified medical
supplies and equipment are located at such treatment centers. The location of
centers was determined by the locations of medical supplies, i.e., at fallout
shelters, physicians' offices, nursing homes, drug stores, etc.

4, Allied Med‘cal Personnel

This level is reserved for treatment which can be administered by allied
medical personnel or those trained in "medical self-help" utilizing austere
suppi'es such as those stocked in puhlic fallout shelters. This treatment can
take place in a hospital as well as in an emergency medical treatment center.

This level represents the lowest guality of formal treatment available.

D. Prcferred Level of Treatment

As indicated above, one of the treatment level options is preferred over the
others. This preferred level i.  he lowest level of care which can be administered
for a specified injury without significantly jeopardizirgz survival. Because radi-
ation injury cannot be readily diagnosed in its very early stages, the preferred

levels are chosen for the nonirradiated injuries and then assigned to the LD., and

50

LD25 cases also.

3/ The Public Health Service has defined categories of allied health personnel to
- include such professions as dentistry, nursing, veterinary medicine, etc. For
detailed information consult: '"Austere Medicali Care for Disaster", p. iii,

Washington, D. C.: U. S. Public Health Service, 1964.

4/ Medical self-help courses are designed to teach the public the rudiments of

- emergency medical care in the absence of more skilled personnel, 'Family Guide
Emergency Health Care," U, S. Department of Health, Education, and Welfare.
Washington, D. C.: U. S. Public Health Service, 1965,
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The preierred level of treatment for a specified injury was empirically derived
on the bkasis of differences between the probabilities of death at various levels of
treatment. 1t appeared obvious that if relatively insignificant differences existed
betweer the probabilities of death at the surgical level of treatment and a iower
level, then the lower level of treatment would be preferred. Presumably this would
prevent the flooding of the more sophisticated care levels with cases not necessarily
worthy of their attention. Thus, certain empirical rules were established which

convey this attitude. These rules, in their ordetr of application, are as follows:

1. If the difference in the initiai probabilities of deatn (Pin in Flgure B-2)
between the (a) surgical team and no formel treatment levels is <.20 and
(b) allied medical teams and no fcrmal treatment levels is <.10, the
preferred treatment level is that of no formal treatment. If both of these
conditions are not met, the preferred level of treatmert is one of the
highest levels.

2. If the difference in the initial probabilities of death between the

(a) surgical team and noc formal treatment levels is <.20 and (b) allied
medical teams and no formal treatment levels is >.10, the allied medical
team level is preferred. The allied medical team level is also preferred
if the differences in initiai probabilities cf death between the surgical
team level and the allied medical personnel level is <.15. If this
difference is >.15, the preferred level of treatment is scme higher level.

3. 1If the difference in the initial probabilities of death between the surgical

team level and the physician level is <.10, the physician level is the pre-
ferred level of treatment. If the difference is >.10, the preferred levei
is the surgical team level.

Qther methods might be employed to determine the preferred level of treatment.
One straightforward way would be stipulation by some medical authority. Ultimately,
however, alternative determinations of preferred levels of treatment shouid be the
object of semsitivity analysis.

In the immediate effects simulation model, the level of treatment for a given
injury may be different from the preferred level based on various decision rules
which come into play when criftical resources are depleted. These decision rules
are described in Chapter 2, III. C 2.

E. Priority of Treatment

Associated with each iujury is a specified priority for treatment based upon
the principles of triage. Triage is a classification scheme to eftect.vely utilize
limited medical resources in treatment of mass casualties. There are a number of
methods wheircby priorities for treatment among various injuries can be determined.
Any method for assigning priorities for treatment must take into account the utiliza-
tion of scarce resources (personnel and supplies) and the anticipated return from

their utilization.

B-9




The method used in this study is as follows: Qnce a preferred level of treat-
ment has been determined for a given injury, the increase i{n probability of death
if the injury were to receive the next lower level of care (Pin preferred - Pin
lower level) is determined. Injuries which incur a large increase in probability
of death as a result of downgraded care should be given high priority at the pre-
ferred level. 1If the preferred level is "No Formal Treatment'" level, the lowest
priority is assigned.

1f personnel treatment time requirements (TT) are low for an injusy category,
this category should have a high priority.

A third factor considered is the period or time (Tim) during which there ie no
change in probability of mortality due to treatment delay. Injured whc have short
Tim values should be among the first treated. Thus, a high-prioricy patient can be
thought of as one having minimal Tim's and TT‘S and a maximum Arl as the result of
downgrading to the next lower level of trcatment. These factors have been arranged

to provide a numerical basis for priority determination as follows:

1. Obtain a Treatment Priority Index:

oP

Treatment Priority = f—_—+ T
im T

2. Rank all injuries in decending order on the basis of the
priority index; i.e., highest treatment priority index
first, next highest second, etc. All injuries with a
preferred lavel of "no treatment" are assigned a priority
index of 0.

3. The ranked list of injuries with nouzero treatment priority
indexes are divided uniformly into eight groups. The first
eighth of this ranked list assigned a treatment priority of
1, the second eighth a treatment priority of 2, etc. All
injuries with a priority index of 0 are assigned to a

treatment priority 9.

It should be noted that supplies required for treatment should also be considered
in determining priorities, but a more sophisticated level of priority determination
was not possible within the time frame of model development. However, other methods
of determining priorities can also be used in terms of types and amounts of supplies
required for treatment and treatment time.

The treatment priority for an injured person is based only on the injury since
the influence of radiation exposure is not accurately known. The treatment priority

so calculated is then used for the LD50 and the LD25 cases as well.
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F. Treatment Time

Associated with the treatment of each injury at a specified level is the time
required for treatment. This time is not the total man-hours required. For instance,
at the surgical team level a treatment time of three hours represents three hours of
physician time and three hours each for the other members of a four-man surgical
team. The same is true for the physician who is assisted by one allied medical
person (or someone trained in medical self-help) and for the two-man teams of allied
medical personnel or persons trained in medical self-help. Treatment times and prog-

nogses associated with each treatment level were estimated by Dr, Wells,

B-11
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IV. INJURY DESCRIPTION AND PROGNOSIS DATA

A. Introductory Comments

The following table contains a listing of the representative injuries used in
the simulation model. An associated prognosis, treatment priority, preferred treat-
ment lavel are given for each injury. Treatment times are given for the three levels
of formal treatment.

As indicated previously, the Category I injuries are those whose changes of
survival are relatively poor unless afforded sophisticated care. For instance, such
injuries as a pelvic fracture may be open and may involve the ilium, ischium, pubic
bone, or acetabulum. The fracture may have been caused by a missile or a crushing
blow and may be further complicated by infection. The femur fracture as used here
is generally considered to be compound and possibly complicated by infection. The
brain contusion is indicative of an open intracranial wound with the possible compli-
cation of infection. Injuries to such internal organs as the spleen, kidney, G. 1.
tract, and pelvic organs are indicative of that which might resuit from a foreign
body with the associated problem of infection, Severe contusion, hematoma, or
tearing are also considered present in the injuries to the abdomen and thorax.

The probable outcome of the Category II injuries is relatively simple to estimate
except perhaps for the fracture of the tibija/fibula and ankle. These fractures are

considered open and complicated by infection.
Since the various injury categories often reflect several aspects of one

injury, their ICDA Code numbers (International Classification of Diseases, Adapted)
are not mutually exclusive. For instance, a skull fracture (800) may be accompanied
by fracture of face bones (802) and by concussion (852).

In many instances, downgrading of the treatment level was judged not to increase
the probability of death (Pin) even if the downgraded time of treatment (TT) became
shorter. Such a downgrading, however, may cause permanent disability that is not
reflected in the table.

B. Table of Injuries and Prognoses Data

(See pages B-11 - B-20.
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Appendix C

Total Emergency Health Care System Modei Flow Charts

This appendix contains flow charts of the basic
logic underlying the overall flow of the Total Emer-
gency Health Care System Model (Figure C-1), the
basic flow of the Immediate Effects Submodel (Figure
C-2), the expanded flow of the Immediate Effects Sub-
model (Figure C-3), and the basic flow of the Disease
and Chronic Conditions Submodel (Figure C-4).
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Read in the MASTER CONTROL CARD {indicating
the duration of Initial Treatment Submodel,
both phases 1 and 1.

Read in the TREATMENT TABLE consisting of, tor each injury classification:
the injury code pumber, the assigned priority of treatment, the pertod
within which rreatment must be begun in order to be effective, the period
following injury during which treatment can be delayed without worsening
of prownosis, the medical treatment package designated for nse in L= Lt-
ing this injury, the quantity of medical trvatment pachages needed to
treat one casualty, the level ot personncl desipnated as proper to treat
this fajury, the time required to complete the initial treatment of one
casualty suffering this tojury, the differential by which the probability
of death is incrcased because of downgrading the treatmeal to the level
of personnel immediately below the one designated, the indicator of
whether downgrading is permitted, the indicator of whether casualties are
to be sent directiv to the hospital if the desiynated medical treatment
package Is lacking in the Emergency Ireatment Center, the probability of
death if a casualty sufrering this injury receives treatment im:-.iately,
the probability of death if a casualty sutfering this irn}.y receives no
treatment at all, and the ditterential by which the probability of death
is increased because of movement from au Emergency Treatment Center to
the hospital through faiiout. [he length ot delay that justifies down-
grading is calculated as cach Treatuwnt Table card is read into storage.

Read in the RESOURCES CARD for the Emergency Treatment Center (or hospital,
if all Emergency Ticatment Centers have been processed), containiny the
number of surgical teams (zero esxcept for the hospital), the number ot
physicians, the numper of allied medical perscenel, and the number of each
Rind of meldical treatment package in inveatory available in the Emergency
Treatment Center (or hospital) for treatine the casualtices that are
assigned to report to it

Read in the CASUALTY CARDY describing cach batceh
of casualtics reporting to an Emergeacy Treatment
Center, f.e., the aumber ot casualties (orrespond-
ing to cvach injury code number.

Count and accumulate totals

of casualties tor the Emergency
Treatment CLenter ana tor trand
Totals

Seek highest priority injors

. . . 0
UL sl vAadaient

4
Fig. C-3. Expanded Flow of the Immediate Effects Submodel Logi:




NO PHYSICIAN OR
TREATMENT What is the specified ALLIED MEDICAL PERSONNEL
level of treatment of this

in jury? J

sun.:zcm,l TEAM Y

is this the hospital or \ YES
the Emerzencv Treatment Center .
in the hospital” j

NC

-

Accumulate this batch of (asualties
in the hospital transter counter
for this i{njurv,

Calculate the probable number of
deaths based .a the probability
of death with no treatment speci-
fied for thie invury

Determine the number of cast:alties
Accumulate lh.e number of deaths for which medical treatment packages
1in counters for the Emergeyc v are svailable and the number for
Treatment Center and for the which medical treatment packages
Grand Totals. are lacking

e Are these casualties YES
¢ i alreadv i the hospital’

B

Accumulate “he number of casusliles . [ls transter to .he

lacking medical treatment packages YES hospital indicated for

in the hospital transfer counter vasualties lacking medical
" for this injury. treatment packages’

N Y

Accumulate tov output the number
of casualties lacking medical
treatment packages and not trans-
terved tn the hospital.

NO Are there casualties for \ YFS l
which there are medical Lrut) g

ment packages?

Have ail

casualties
been treated’

Fig. C-3. (continued) Lkxpanded Flow of the Immediate Effects Submodel Logic
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NO
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ment aliowable?
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ALLIED [ MEDICAL ‘
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injury? PHYSICIAN
SURCICAL TraM 8
S .
%’;‘:ﬁ: Is this batch of casualties NEITH I
'3 Iz etrher assigned to the hispitat

or Lransferved to hospical

L ASSIGNED
Set prognosis equal to probability TO HOSPITAL Acvumnlate o tne hospitag
of death plus the differential for transter courter toa roang
fallout and other effects of transfer. cloannalil s wite ohy
Wwury oo troated
the hewpitdd.
Dues prognusis exceed YES ‘
probatiiity of Jesath with- Regtore medical treatment
out treatment” packages indtially allocated
tor treating these (asualties)
NG to the propet inventor.,
Sel progacaas cqual to prohal diae ]
ol desth without treatme.t .
i
L3 —

Accumulate for output the 1 4
of casuslties left untrrarcd and
compute thr numbet ot doatt.s

$80T4 Lhem

i |

Fig. C-3, (continued) Expanded Flow of the Immediate Effects Submodel Logi.




ity

NO Is there allied
medical personnel on
duty?

YES

YES Is the specified A !
treatment leve] physician? K

10 r]

Is downgrading to the
No next lower level of treat-
ment allowable, possible,
and indicated?

YES
SURGICAL
TEAM What is the specified OTHER
level of treatment for this
injury?
l YES
Is disposition of
all casualties in this
batch completed? j
NO - Set parameters tv calculate
If a physician's clock s the probable number of deaths
past phase 1, physiclan's work with treatment by allied
only one-half time. medical personnel.
Set parameters to calculate
the probable number of deaths
with treatment by physicians
Y Ii‘
Accumylate the number of
casuslitics to he treated by
personnel at this level in
the appropriate couanter Lor
outpnt,
<11 any casuslites (n this \ YES Calculate nusber of casualties thet
?l(th fail becausne pnnnnnc; tiom —@f cannot be trested Ln this lactlity
3 exhausted to recelve medical becsuse personnel time (1 exhavsled.
attention?
NO

Fig. C-3. (continued) Fxpanded Flow of the Immediate Effects Submodel Lop* -
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Are casualties that will come
YES to the head of the line too late RO
fewer than those tor whom medical
\ treatment packages are lsck\ngJ

taliulate the number of casualtics
with and without medical treatment
packages vet to have propnosis
applied to determine deaths.

Calculate the nurber ot vasiali
with medical trealaenl pa.saives
yet Lo have proenosis applicd to
determine deaths.

»re
y

Calculate and store the provable
number of deaths among casualties
tor whon there are medical treatment
packages and the casualties tor whom
these are lacking, 1f apprepriate,

according fo the prognosis determined
by the length of time elepsed between
injury and begpinning of treatment,

the level of treatment, and the avail-
ability of medical treatment packages.

NO Have all batches ot
casualiies bevn processed!

YES

Sum the totals for output tables,
print them, and write them on

an output ‘ape for usc in the
subsequent phases of the model.

Tvansmit the accumulated casualties
1n the hospital transfer counters
preparatory to processing them
according to the standard treat-
ment rul-s applied in the emergency
Ly2erront centers,

YES ls the facility just com-
pleted the emergency treatment
center in the hospital?

NO

Dues the processing just \ %O
b
completed take care ot hospital

transfer casualties?

YES

Accumulate the grand totals, print
the results, and write the oulput
tape.,

Fig. C-3. (continued) Expanded Flow of the Immediate Effects Submodel Logic




‘- Start >

Step 5
Calculate daily total
? Step 1 ) .
for infectives,
3 fatalities,drugs,
Eg:erés and staff timc
Card
Step €
{ Step 2 Advance time
v clock by one
Read in dayi iie.,
Disease tot+
Table
Step 3 Step 7
€p

no

Set Timec Clock L1Is t> 3657
To rirst Day
i.e.,t=1
yes
Step 4 Step 8
1 ste

Calculate new o Print 5-day totals
infectives; for infectives,
determine total [* fatalities, drugs,
fraction of and staff time

infective persons l
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Appendix D

Total Emergency Health Care System Model
Data Inputs and Outputs

This appendix presents ir complete
detail the description and definitions of
all data elements used in the design of the
Total Emergency Health Care 3ystem Model.
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Appendix D

Total Emergency Health Care System Model
Data Inputs and Outputs

I. INTRODUCTION

The purpose of this appendix is to present in complete detail the descriptioms
and definitions of all data elements used in the design of the Total Emergency
Health Care System Model, An attempt is made to relate the data elements to their
precise uses in the model logic. The appendix is divided into four subsections:

II. Card Inputs to the Immediate Effects Submodel

III. Card Inputs to the Disease and Chronic Conditions Submodel

IV. Outputs from the Immediate Effects Submodel

V. Outputs from the Disease and Chronic Conditions Submodel

The descriptions of the card inputs for each of the phases include the names,
definitions, external formats, and maximum values for all data set elements. The
descriptions of the outputs include all of the format and indexing options antici-
pated, aud, when appropriate, sample print-outs illustrating the optioms.

The Master Control Card contains information common to both submodels of the

Total Health Care System Model.

Parameter Card Columms Definition
NcC 1-6 Card Code = 100000
INPTIM 7-9 duration in hours for Phase 1 of the
Immediate Effects Submodel
INITIM 12-14 Duration in days for Phase 2 of the
Immediate Effects Submodel
ITYTIM 17-19 Duration in weeks of Disease and Chronic

Conditions Phase




II. CARD INPUTS TO THE IMMEDIATE EFFECTS SUBMODEL

This subsection contains descriptions of all input data sets which can be
input to the Immediate Effects Submodel. All the data sets are required for the

operation of the model, and the values must appear on the punched cards as speci-

fied. Included in the description of each input data set are:

1) The data set name.

2) The submodel using the data set.

3) A general description--one or two sentences describing the data set and
the information that it contains.

4) The name of each data set element--six or less alphanumeric characters
used to designate the particular data set element.

5) The index, where applicable, indicated in parentheses immediately follow-

) ing the data set element name.

6) The defirmition of each data set element.
7) The positions on the punched card of each data set element.
8) The field specification (in Fortran notation) of each data set element

on the punched card.

; The remainder of this subsection is devoted to presenting the individual

input data sets.

e afnm et
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Input Data Set Number II-1

Data Set Name: Run Identification

Submodel Using Data Set: Immediate Effect. Submodel
GCeneral Description: A card containing data that describe the particular computer

run which are printed at the beginning of the set of tables for each treatment
center.

Data Set Elements:

Name Definition Card Column Format
NCC Card code. For the Run Identification card
it is "110000". 1-6 16
Heading to identify the computer run (e. g.,
city name and resources level). 21-80 60H

N-&4




Submodel Using Data Set:

Input Data Set Number II-2

Data Set wame: Treatment Table

Immedigte Effects Submodel

General Description:

A set of cards containing treatment rules, times, proba-

bilities, and other necessary Jata for each different injury functioning as a

table of variable decisions applicable through a series of runs.

Data Set Elements:

Name wiinition Card Column Format

NCC Card code. For the Injury Treatment Table 1 11
it is "1".

NPRI Priority of Treatment ("1" through "9"). 2 I1

INJRY Three-digit number designating the injury 3-5 13
("1" through ''999").

XIME Period following which treatment no longer 7-8 F2.0
decreases the probability of death (ir hours).

TIM Iritial period during which delay in beginning 9-12 F4.0
treatment does not increase the probability of
death (in hours).

NDRG Number designating the medical treatment 13-14 12
package for the injury.

XTY Quantity of medical treatment packeges re- 15-16 12
quired to treat one casualty with this
injury.

NTRMT Level of persornel designated to treat the 17 I1
injury.

TIME Time required for initial treatment of one 18-21 F4.2
casualty (in hours).

DFLVL Increase in probability of death due to 22-25 F3.2
downgrading.

LDCWNG  Downgrade flag: {f "0", d-wngrading is allowed; 3o 11

if "3", downgrading is not allowed (when
personnel of appropriate level are unavailable
or when the prognosis wmuld be better with
earlier treatment by personnel at the next
lower level).




Input Data Set Number II-2 (Continued)

Nane

Definition

Card Column Format
NFLGI Hospital flag: if "0", treat without medical 31 I1
treatment package and if "1"  transfer to the
hospital (when supply of necessary package
is exhausted).
PDIT Probability of death if treatmwent is received 35-38 F4,2
immediately after the injury.
PDNT Probability of death if no treatment at all is 39-42 F4,2
received.
DRAD Increase .n provabiliiy of death due tc trans- 51-54 F4.2
portation to hospital, travel through fallout,
etc.
LASTCD Last card indicstor: the digit "9" indicates 80 aul

the last card of the Injury Treatment Table.

D-6




Input Data Set Number II-3

Data Se: Name: Emergency Treatment Center Resources
Submodel Using Data Set: Immediate Effects Submodel

General Description: A card read for each treatment center in sequence giving

the assigned resources of personnel and medical treatment rackiges.

Data Set Elements.

Name Definition Card Columns Format
NCC Card code. For the Resources Card it is "2". 1 I1
NGRDA Identification number of the emergency treat- 2-4 I3

ment center (1 through 998) or hospital
(always 999).

NCD Secondary card code. For the Resources Card 5-6 12
it is "00".

NSRGT Number of surgical teams (found only in the 7-9 13
hospital), maximum 999.

NPHYS Number of physicians, maximum 999. 10-12 13

NALLD Number of allied medical personnel. maximum 13-16 14
9,999.

NPACK(I) Number of each type of medical treatment pack- 21-24 14
age, maximum of each 9,999. There may Se up etc.

to 16 different medical treatment packages.




R ———

Input Data Set Number II-4

Data Set Name: Emergency Treatment Center Casualty Report
Submodel Using Data Set: Immediste Effects Submodel

General Description: Cards read for each treatment center immediately after

the Emergency Treatment Center Resources card listing “y injury number the number
of casualties suffering from each injury. Up to 99 Casualty Report cards may be
entered for each treatment center. Each Casualty Report card may contain figures
for a maximum of ten injury types, allowing a total of 990 for the treatment
center. (Program dimensions at present allow for only 150 injury types.) Each
card must be filled before proceeding to the next one, since the program ceases
to store data on encountering the first blank in‘ury number. Injury numbers may
be entered in any order.

Data Set Elements:

Name Definition Card Columns Format
NCC Card code. For the Casualty Report it is "2". 1 Il
NGRDC Identification number of the emer,ency treat- 2-4 13

ment center (1 through 9) or hospital
(always 999),

NCD Secondary card code. For the Casualty Report 5-6 12
card it is "0Ll" through "99".
INI(I) TInjury number corresponding to one in the 10-13 etc. 14
Injury Treatment Table.
NXI(1) Number of casuslties with injury specified 7-9 etc. 13
by INJI(1).
u-8




III. CARD INPUTS TO THE DISEASE AND CHRONIC CONDITION® SUBMODEL

This subsection contains descriptions of both input dltl.sets which can be

input to the Immediate Effects Submodel; 1.e, the control card and the disease table.
Thece data sets are required for the operation of the model, and the values must
appear on the punched cards as specified. The description of each input data set

includes:

2) A general description--one or two sentences describing the data set and
the information that it contains.

3) The name of each data set element--six or less alphanumeric characters
used to designate the particular data set element.

4) The index, where aprlicable, indicated in parentheses immediately follow-
ing the dats set element name.

5) The definition of each dats set element.

6) The positions (card columns) on the punch card of each dats set element.

7) The field specification (in Fortran notation) of each data set element on

the punched card.

n-9




R

Y WA T T T

Input Data Set Nurmher ITI-1

Data Set Name: Control Card

Submodel Ueing Data Set: Disease and Chrenic Conditions Submodel

General Description: This card contains coefficients applied by the respective

parameters for each of the diseases considered.

Data Set Elements: These parameters indicate changes in equilibrium conditions

bacause of fallout, etc.

Name Definition Card Column Format

1PPPB Population of area before attack. 1-10 110

IP$PI Population cf area immediately after 11-20 110
attack.

1PPPA Population of area remaining 30 days 21-30 I10
attack. (used in disease submodel)

ILYC (1-5) Area name or identificai’an for disease 31-50 S5ab
submodel.

CAL Coefficient of infective ratio such that 51-55 F5.2

the thus adjusted infective ratio AL' is:
AL' = 1 - 1-AL

CAL
where AL is the original infective ratio
from the disease tahle.

CAL increases with the radiation dose. It
can assume any positive real value.

CTB Coefficient of contact rate such that the 56-00 F5.2
adjusted contact rate TB' is:
TB' = CTB x TB;
where TB is the original contact rate from
the disease table.

CTB increases with inadequacy of hygiene
and sanitation measures and decreases with
its adequacy. It can assume any positive
real value.

CSu3d Coefficient of initial infective fraction 61-65 F5.2
such that the thus adjusted initial in-
fective fraction SSS' is:
§8S' = (CSS x SSS
where 5SS is the original susceptible
fraction from the disease table.

(C3SS decreases with the efficiency of
quarantine. It can assume any positive
real value under 1, including 0.

D-10
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Input Data Set Number III-1 (Continued)

Name

Definition Card Columm

Formst

Coefficient of initial susceptible 66-70
fraction such that the thus sdjusted
inictial susceptible fraction SR' is:
SR' =1 - 1-SR ;
CSR
where SR is the original suaceptible
fraction from the disease table.

CSR decreaszs with the adequacy of the
preattack vaccination status and with
the postattack level of antibiotic pro-
phylaxis. CSR can assume any positive
real value.

D-11

F5.2




Input Data Set Number III-2

Dats Set Name: Disease Table
Submodel Using Data Set: Disease and Chronic Conditions Submodel

General Description: This card contains, for each one of the considered diseases
separately, the parameters as listed below.

Data Set Flements:

Name Definition Card Column Format

DIN Dvration of infectivity (in days) 1-10 F10.5
TB Contact rate (per day) 11-20 F10.5
AL Infective ratio 21-30 FiQ.5
S§ Fatality ratio (per new case) 31-40 F10.5
SR Initial susceptible fraction 41-50 F10.5
SSS Initial infective fraction 51-60 F10.5




IV. OUTPUTS FROM THE IMMEDIATE EFFECTS SUBMODEL

This subsection contains descriptions of the outputs from the Immediate
Effects Submodel. Included in the description of each display data set are the
following:

1) The data set name.

2) The submodel(s) which generate the output contained in the specified

output data set.

3) A general description--one or two sentences describing the data set
»1d the informatiom it econtains.

4) The name of each data set element--six or less alphanumeric characters
used to designate the particular data set element. Where applicable,
the appropriste index is designated in parentheses immediately following
the data set element name.

5) The definition of each data set element--a concise definition of the data
set element including its units.

6) A sample printout of the data set.

The remainder of this section is devoted to the presentation of the output

data sets.

D-13
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Output Data Set Number IV-1

Data Set Name: Casualty Treatment Trble
Submodel Using Data Set: Immediate Effects Submodel

General Descriptidn: This table displays the results of the triage of casualties

assigned to each emergency treastment center.

The number of casualties assigned to each of the four treatment levels are
totaled by column under the appropriate treatment level that appears at the top
of the printout; i.e., No Treatment, Surgical Team, Physician Personnel, and Allied
Medical Personnel. The heading "No Treatment" is used to indicate Treatment Level
1; i.e., the category of casualties due to receive no treatment at all, either
because there is little or no prospect of recovery or because the injury is so
slight as not to require treatment. The last three treatment levels (excluding
the "no treatments") appear as headings for two columns--one for casualties which
can be downgraded and another for those which cannot.

Each row shows the level of treatment that was actually administered. For
example, the row total for Allied Medical Personnel (row heading appears down left
side of printout) indicates that 32572 casualties were treated by Allied Medical
Personnel--26860 that were assigned to be treated at this level and 5712 that were
assigned treatment by Physician Personnel but were downgraded to the Allied Medical

Personnel level.

As another example, the column total under the "Physician Personnel' heading
indicates that 10425 casualties were assigned treatment at this level. However,
only 4713 were actually treated by Physician Personnel--5712 were given downgraded
treatment by Allied Medical Personnel.

Data Set Elements:

Name Definition

NS (1) Number of casualties treated by surgical teams

NP (1) Number of casualties treated by rhysicians

NA (1) Number of casualties treated by allied medical personnel

NT (I)* Number of casualties transferred to the hospital for treatment
NU (I) Number of casualties not treated

MTOT (1) Total number of casualt: s processed

* Oaitted from Table for the Hospital Emergency Treatment Center and for casualties
transterred from other Emergency Treatment Centers.
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Sample Output Showing Format Specifications:

NUMBER OF CASUALTIES AT EACH ASSIGNED LEVEL OF TREATMENT
(All Values are in Tens)

LEVEL TREATHENT LEVFL MAY B NOwNGRADAD TREATMENT | GVEL MAY NOT Pk DONYGRADED

AT aMICH ALLIED ALLIED

TREATWENT NO SUROICAL PHYSICIAN MED]CAL SURGICAL PMYSICIAN  MEDICAL

WAS GIVEN TREATHENT TEAM  PERSONNE, PEHSONNGL TEAM  PERSONNEL PERSONNE| T07aL
SURGICAL

Tty ] 36 [} [] [ ] (] 36
PuYSIClaN

PEASONVEL . ] 3% 0 [ ] ] [32% ]
ALLIED

MEDICA,

PERSONNE, [} 0 N2 20860 [] ] (] 32972
UNTREATED 1382 0 [} ] (] (] [} 1302
1974 1302 [ 1vepy 20009 ] (] (] 38703
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Output Data Set Number JV.2

Data Set Name: Status of Supply Inventory
Submodel Using Data Set: Immediate Effects Submodel

This table displays t'ie initial and final inventory figures

General Description:

for the quantity consumed in processing the casualties for each of the sixteen

medical treatment packages. The headings of the inventory table columns are as

follows:
BI Burn, non-ambulatory LF Fracture of leg
A Abdominal w Laceration
T Thoracic H Head
P Pelvis, genito-urinary HF Fracture of hand
5 Shock FF Fracture of foot
M Maxillofacial E Fve
AF Fracture of arm \Vi V;rtebrae
BA Burn, ambulatory

Data Set Elements:

Name

Definition

NPACK (1,J)
NPACK (2,J)
NPACK (3,7J)

The initial inventory, before processing the casualties

The final inventory, after processing the casualties

The amount used from the inventory to process the casualties

Sample Qutput Showing Format Specifications:

STATUS OF INVENTORY OF EACH MEDICAL TREATMENT PACKAGE
(A1l Valuas are » Tens)

-—

, » * " ar’ na
[RIRRTTS XY 1) 187 10} 1 Y11 ] 18994
(AL TTS .. ] 1] 143 ¥ 17 [ 137
e L} [] 2 (] 1¢7 o0 ] ner
(44 (] . o re [} ]

tetie, (] 349 e (] U ' 1k

LXLTTS [} (£ tes? (] (] L 18t

vees ] P 1] " + . ¢ ¢
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Output Data Set Number IV-3

Data Set Name: Casualty Deacths Tabie

Submodel Using Data Set: Immediate Effects Submodel

General Description: This table displays the results of processing the casualties

assigned to each Emergency Treatment Centzr. It shows the number of deaths at
eacn level of treatment, broken down by assigned treatment level and down-
grading category, corresponding in form to the table described for Output

Data Set IV-1.

Data Set Elements:

Name Definition

NS(I + 1J) Number of deaths among casualties treated by surgical teams

NP(I + 10) Number of deaths among casualties treated by physicians

NA(I + 10) Number of deaths among casualties treated by allied medical personnel

NU(I + 10)

MTOT(I + 10)

Number of deaths

among

Total number of deaths

untreated casualties

among all casualties

Sample Output

Shou{giiFormlt Specifications:

LevEL

NUMBER OF DEATHS AT EACH ASSIGNED TREATMENT LEVEL
(All Values are in Tens)

TREATHENT LEVEL PaY BE CJwNGRADED  TAFATHRAT (yvay #AY MQP wr UOWYRRADMA

:: :;i;-y 2 (Y 1] [J9911.]

(] L8] lvlglCAg PuYSICIan maNjCa SUNRICA, PuVEBICIah NEDICA,
s G1viy TNRITRgNT Tean  PERRONKE| PQASONNE, Toan  sgadonagy PeRBANNE, Tovay
SJRIICA
THae ] i [} s [} [ ] ' 10
PuvsiCiay
PERSONYE, [} (] 00 [ [} [} [} (11]
s e
wi0ila,
PERSINVE, ] (] 17 10798 (] [] ] 10000
yeresetag 1 71 (] (] [} (] [} [] 0
121178 Ses 10 [TY ) 10708 ] (] (] L0000
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Output Data Set Number IV-4

Data Set Name: Personnel Utilization Table

Submodel Using Data Set: Immediate Effects Submodel

General Description: This table gives the number of personnel assigned to the

Emergency Treatment Center and the total number of hours these personnel spent

on duty to attend to the load of cesualties received by the center or hospital.

Data Set Elements:

Nate Desrription

NSRGT Number of surgical tesms assigned to the hospital

TSRGT Number of hours surgical teams have been on duty

NPHYS Number of physicians assigned to the Emergency Treatment Center
TPHYS Number of hours physicians have been on duty

NALLD Number of allied medical personnel assigned to the Emergency Treatl-

ment Center

TALLD Number of hours allied medical personnel have been on duty

Sample Output Shoving Format Specifications:

NUMBER QF TINE CLGCK STaTuS
ASS]GNED
PERSONNEL AFTER TREATMENT
SURGICAL
TEAM 40 30.0¢4
PuYSICILAN
PERSONNEL 18 30,03
ALLIED
MEDRICAL
PERSONNE| 400 2,34
TO0TAL

D~18




Output Data Set Number IV-5

Data Set Name: Casualties Lacking Supplies Table
Submodel Using Data Set: Immediate Effects Submodel
General Description: This table indicates the disposition of those casualties

for whom medical treatment packages were lacking, including whether or not they

were transferred to the hospital.

Data Set Elements:

Name Description

K@WM(1,1) Number of casualties lacking supplies at surgical team level

KOWM(2,1) Number of casualties lacking supplies at physician levels

K&WM(3,1) Number of casualties lacking supplies at allied medical personnel
level

KOWM(4,1) Number of all casualties lacking supplies

Sample Output Showing Format Specifications:

CASUALTIES WITHMOUT MEDICAL SUPPLIES

TRANSFERRED NOT
TO MOSPITAL TRANSFERRED T O T a

SURGICAL

TeEam 0 620 628
PuYSICLAN

PERSONNEL 0 332 332
ALLLIED

MEDICAL

PERSONNEL 0 0 0
ToTaAL 0 960 960
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Output Data Set Number IV-6

Data Sct Name: Casualty Treatment Table - Grand Total
Submodel Using Data Set: Immediste Effects Submodel

General Description: Same as Output Data Set IV-1, except that the data are

tocals of all Emergency Treatment Centers and the hospital.

Data Set Elements:

Name Detinition

NS(I+30) Total number of casualties treated by surgical teams

NP (1+30) Total number of casualties treated by physicians

NA(I+30) Total number of casuslties treated by allied medical personnel
NT(I+30) Total number of casualties transferred from Emergency Treatment

Centers to hospitals
NU(I+30) Total number of untreated casualties
MTOT(I+30) Total number of casualties

Sample (utput Showing Format Specifications:

LOSEBLL. waRkfD CONSEAVATIVE, », PERSONNEL DOUBLED
QRAND TaTacs,

MUuSBER I 0L LTI ES 4l EeCw aSSIGNED L F Y F L 0F TR E 4T EEw

LEvEL TREAYeR~T LEVEL MaY BE DOWNQSIDED  TREATRENT (EVEL waY AD° 8E DOuwnGaspEP

AY aniCw (11137 1 aLiEw s

TogatuiNt of SURGICAL PuYSICian wEDICAY SURGICAL Pu-SiCian wEDLCHL

wel BIVEN TREATagsY Tean SENSONNEL PERSONNE tean PERSANNE. PENSANNEL 10Ty
S Gt

TEAR [ aps " ] [] ] ¢ "o
*utSilan

PEASONNE, ] e [3 1) ? ] ] 2 (L5}
AAiED

n0iCaL

PERRONNG, 2 s L8 W ] 3 ¢ Paa
teanirpeg

‘0 wOSP; -

YAy Qete H 714 [} 1328 ] ¥ (3T £
wategatep $3.88 %, L ] 2 $ 4 Sevie
RN e ey’ 2400 2 ] M H Risln
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Qutput Data Set Number IV-7

Data Sev Neme: Status of Supply Inventory - Grand Total
Submodel Using Data Set: Immediate Effects Submodel

General Description: Same as Output Data Set IV-2 except that the data are totals

of all Emergency Treatment Centers and the hospital.
Dacs Set Elements:

Name Definition

NPACK (4,J) The total intitial inventory, before processing the casualties
NPACK(5,J) The total final inventory, after processing the casuaities

NPACK(6,J) The total amount used from the inventory to process the casualties

Ssmple Output Showing Format Specificationa:

ST avus OF I v EwTORY OF EaCw ®pGLlCay T RE A YW N

P sC N AGSF
[ 'Y \] 14 L » 'y )

LT
(L IRE 1N 1793 12t 11 143 (2] 151 170962 1834
FInaL 1792 ” LY ¥y Y]] 191 170082 100
V3.1 3+ 3 H] p 1 st 4 ] 3 ]
%3 - - uf 3 € ¥
[LTARTN 178439 16 "2 170882 17044¢ [T3Y 17¢021
Finag 177724 147 ¢ 17008 129010 Y 179022
vsEn 1%28 ] 897 ’ 2 ] n




Oufput Lata Set Number IV-§

Data Set Name: Casualty Deatns Tab.e - Grand Total

Submodel Tsing Data Set: Irmediate Effects Submodel

General Description: Same as OQutput Data Set IV-3 except that the data are
totals of all Emergency Treatment Centers and the hospital.

Data Set Elements:

Name Definition

NS (I+40) Total number of deaths among casualties treated by surgical teams

NP(I+40) Totai number ot deaths among casualties treated by physicians

NA(1I+40) Total number of deaths among casualties treated by allied medical
personnel

NU(I#0) Total number of deaths among ratreated casualties

MTAT (I+40) Total number of deaths among all casualties

Sample Output Showing Format Specifications:

NuMBER of DE AT WS AT EACH ASSlonwneE TR 4 T v
LEVEL TREATHENT LEVEL MAY BE DOWNGKADED TREATMENT LgVEL Hvekt‘ﬂ BE SG:NGRADEnE £ -
AT wHiCH EXPECTANT alLIED ALLIED
TREATHENT oF SURGICAL PHYSICIAN MEDICAL SURGICAL PMYSICIAN MEDICaL
WasS GIVEN TREATwENT TEaM PERSONNEL PERSONNEL TEANM PERSONNEL PERSONNEL TOTaAL
SURGICAL
TEAN [} "y ] i} 9 [ 0 LR
SMYSIc AN
PERSONNFL 0 191 3%¢ 0 0 0 ¢ 5%
aLLIED
MEDICaL
FERSONNE( [ n 1191 1298 0 0 0 2407
UNTREATED 11744 4657 n 0 0 ¢ i 1640
Totap 11744 52914 1518 1296 2 ] 0 194y
¥
D-22
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Output Data Set Numoer IV-9

Data Set Namc: Personnel Utilization - Grand Total

Submodels Using Data Set: Immediate Effects Submodel

General Description: This table gives the total number of personnel assigned to

the Emergency Treatment Centers and the hospital.
Data Set Elements:

Name Definition
NNSKGT Total number of surgical teams assigned to the hospital
NNPHYS Total number of physicians assigned to the Emergency Treatment Cenier

or hospitals

NNALLD Total number of allied medical personnel assigned to the Emergency
Treatment Center or hospitals

Sample Output Showing Format Specifications:

NUMBER OF
ASSIGNED
PERSONNEL
SURGICAL
TEAM 80
PHYSICIAN
PERSONNEL 84
ALLIED
MEDICAL
PERSONNEL 1160

D-23




Output Data Set Number IV-10

Data Set Name: Casualties Lacking Supplies - Grand Total
Submodel Using Data Set: Immediate Effects Suomodel

General Description: This table indicates the disposition of those casualties

for whom medical treatment packages were lacking; including whether or not they

were transferred to the hospitsl.
Data Set Elements:

Name Description

K@M (5,1) Total number of casualties lacking supplies at surgical team level
K@WM(6,1) Total number of casualties lacking supplies at physician level

K#M(7,1) Total number of casualties lacking suoplies at allied medical
personnel lev.!

KM (8, 1) Grand total of all casualties lacking supplies

Sample Output Showing Format Specifications:

CASUALTIES WITHOUT MEDICAL SUPPLIES
TRANSFERRED NOT
TO HMOSPITAL TRANSFERRED T 0 T A L

SURGICAL

TEAM 0 4282 4282
PHYSICIAN

PERSONNEL 0 1964 1964
ALLIED

MEDICAL

PERSONNEL 0 930 930
TOTAL 0 7176 7176

D-24




Output Data Set Number IV-11

Data Set Name: Table of Survivors Added - Grand Total
Submodel Using Data Set: Immediate Effects Submodel

General Description: This table displays the total number cf survivors which

resulted from changes in persornel and medical supply inventories above the number
found in the base run. The number added survivors will be negative when the changc

results in fewer survivors.
Data Set Elements:

Name Description

NS (I1+50) Total number of added survivors treated by surgical teams

NP (I+50) Tetai number of added survivors treated by physicians

NA(1+50) Total number of added survivors treated by allied medical personnel
NU{I+50) Total number of zdded survivors untreated

MTOT(I+50) Grand total of survivors added

Sample Output Showing Format Specifications:

NyUMBER oF SURVIVORS ADDE AT EACMH 1
!;i\'ﬁ:'cu EXPECTANT TREATMENT LEVEL WAY BE DOMGHADgD TREATMENT LEVEL N:VENsTTIE Encﬂéﬁlbtbi vEL
ALLIED
TREATMENT of SURGICAL PHYSICIAN mEDICAL S nD! G
URGICAL PNTYST N N
HAS GIVEN TREATMENT TEAM PERSONNEL PERSONNEL TEAM asnsn:»i:L 9553’:5:‘& TOTAL
SURGICAL
TEAM [} -2%4 0 0 0 0 0 ~2%4
PHYSICIAN
PERSONNEL 0 75 =359 0 0 [ 0 ~284
ALLIED
MEDICAL
PERSONNEL [] n 328 =840 0 [ 0 407
UNTREATED 3978 9451 [ 0 [} 0 [} 34708
TOTAL 5978 927> 2920 ~84¢0 ] 0 4 S38s
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V., OUTPUTS FROM DISEASE AND CHRONIC CONDITIONS SUBMODEL

This subsection contains a description of the tour outputs from the Disease and

Chronic Conditions Submodel, i.e., Plot of Infectives and Required Physicians, New

Infective Table, Death Table, and Drug Requirement Table. The description of each

data set are the following:

1)
2)

3)

4)

5)

The data set name.

A general description--one or two sentences describing the data set and

and the information it contains.

“he name of each data set element--six or less alphanumeric characters used
to designate the particular data set element. Where applicable, the appro-
priate index is designated in parentheses immediately following the data set
element name.

The definition of each data set element--a concise definition of the data
set element including its units.

A sample printout of the data set.

Output Data Set Number V-I

Data Set Name: New Infective Tsable

Submodel Using Data Set: Disease and Chronic Conditions Submodel

Ceneral Description: A table displaying the total number of new infectives expressed

as a fraction of the total population, by five-day periods and by disease.

Data Set Elements:

Name

Definition

RIP

Fraction of vopulation that became infected during time interval DT.

Sample Qutput Showing Format Specifications:




INFECTIVES
8-NaY PERIND - -

NUMBER OF NEW
RY DISFASE ANN AY

LOCATIUN OF A TYACK< " NEW ORLFAMS = YAX 3

ES FUP MRFURE ATTArNS 1Q02n00 oo
MZy PP MM AF TR« AYTaACK. 10060000
PIR 30 NaAYs AFTER ATTACK- a17000 . o L
AST way ) VISEASF
T P3N plPu ulse GAST HEP, INFL MFAS PaRs SCaAR w00 NTal
) 181, 1un, Ina, 180, 172, 139. 180, 180, 155, 1749.
10 267, 229, 2%17, 245. 270, 206, 212. 262, 163, 4364,
15 ave, 311, 17243, 360, 417, 294 262, 384, 172, 19833.
20 “e4, T av7, 4957, 815, 651, 475 T3¥, Tod, 180, 93174,
25 M7, LLLN 1%0RZ1, . N9, 915, 589, 947, no9, 188, 185829,
W 1177, 744, 118214, 979, 1324, 79%, 523, 1152, 204, 125120,
k] 1859, 9u7, 40149, 1340. 1904, 1048, 662, 1618, 221, 57594,
&1 PALL 1442, 17876, 1757. 270%, 1318, nas, 2223, 237, 30378,
1% 3114 1715, 6301, 2247, 3800, 1594, anso, 297%. 253, 23027,
A0 ah7s, 347, 219M, 2784, 5263, im22, 1761 ILIYR 270, 23870,
5 5152 IEE 735, 3224, 717% 1678, 1410, 4789 294, 26077,
40 v1s7, ang?, 212, 3594, 2561, FLA 2ng2, 5547, 311, 33534,
L3 ] augn 308, 3%, 3non, 1,397 1986, 24084, 301, 327. 39549,
70 1347 57ah, ", 3n24. 1%%27, 1R47, 3073, 6619, 343, 453a7,
75 7420 nANG, M 3661, 14640, 1659, 377%, 6578, 368, 0707,
10 Thev 18771, f 33, 321, 1438, LYV} 6219, I8¢, L1 TR
s LKL 18222, n, 3007. 23513%, 1224, Sh14a, 5630, 40909, 5868%,
20 Sept IREEL N n, 2407, 23740, 1021, 6766, 4924, 425, 61034,
Iy ar§n IS n, 2215, 2120R, LTF LLIY 4200, 449, 62286,
110 ars? FOLTY R r, 1Ass, 21590, 686, 9820, 1504, T 466, 62524,
175 332n, 2e7x3, N, 1938, 19286, 554, 11073 2885, 482, 61927,
110 2705, FXLEY . 1788, 14ba€, 440 12697, 2%a%, 7. 80%34,
11% 2174, FYYTRN n, 1021, 13974, 3en, 14285, 1896, 523. 58723,
120 1744 sayan, n, LM 114R2, 294, 15780, 1520, 539, ~h337.
175 18y, 281,40, ", a0, 9275, 245 17096, 1218, 554, 53 .59,
184 1104, Zihmn, fn, LY 21T 198 18117, 972, 572, 50470,
115 °7a, 1vh 78, M. __44, ELL S V-3 I 18795, 768, 500, 47160,
140 A5, 37443, n, 360, aSRe, 139, [ELILN TR 557, 437,
145 YR [ERIT n, 294, %79 114, 19M16 490, 613, 40247,
130 KR} 18M15, n, 237, 2187 “a 18575 RLLN 621, 367409,
134 144 11774, n, 194. 2187, a8z, 17a4n, 311, 629, 33341,
140 270 Lu1ne, n, 143, th7%, T4, 16RN3, 249, 637, 30084,
145 Y LY n. 13;. 1299, 63, 15704, 196, 637, 26927,
170 170, IAFY L S Y RULLY 57 IELIT 155, 646, 24024,
17% 139, 6124, n, 9n, 784, 49, 13704, 131, 646, 21337,
140N 114, 2202, n, a2. t13, 49 1ere2, 106, 64s, 1A8QY,
e 'O 4 gan, n, (L [LFR LY 10852, a2, 646, 16A%4,
190 74, KL n, 57, 3, 4“ 9718, 6%, 83?7, 14687,
19% H7, CLELN b 57, Ine. 4, 8a84, 57, 637, 12898,
onn 4 e, LY | D RZLN T v, LY3N v
L ay, 107, ", 4, 194 4, 678) 41, 821, 9924,
Z1n 39, 170k, n, 4, 183, ol 5074, 33, 618, 8498,
a1 KRN 1405, n. 4. 1. . $29%, 3, 608, 763%,
20 ”, 12-0, n, 13. 114, 4, 4509, 2%, 597, 6693,
PEL) REN 10w, n, 33, n, 38, any7, 25. 58N, SA7a,
PALI 1~ ANk, LR » S LS DA 5 DU | ¢ - 20 ;L TTTTSYRT osisx
PAL) L 740, ~, A3, L P 3, ney, 16, LYY 444,
PET] 15, 837, ", }3. Ta, 3, 280, 16, LTLR 3994,
¢ 1t 498, n, 33. a5, 13, 2v37., 16, 539, 3938,
¢ 14, €10, n, 23, AY, AR anys 16, 523, 3122,
8% 1h, 143, n, 2%, 57, 3 1773, 16, %07, 277a,
Y] ", JIm, r, ?s, s, sl inye. 1a, (1L 2400,
PLY) -~ 224, n, 2%, 8, 4, 1le0, 8. [TTR 2198,
P! -, [CLR n, 2%, o, 4. 1180, 16, 486, 198%,
4] o) 199, n, %, 40, “". 109, 18, 440, 1740,
PR “, 141, L8 5. e, 4, Ayae, 16, 44y, 1988,
AL " 10 . —25s N ) VOSSN § DU | | PUN U TS ¥ | YU 14 ——
PXL] ", "o n, 29, 49, 4%, AS4, 16, @, 1288,
¢3% ", s, ", . 49, a, \r2, 16, 400, 1177,
310 ., “?, n, 23, 4, ", 490, 16, LI TH 1074
399 .. ", 0, 0, 4y, a9, 98, 16, 37e, TTI
310 L AL DS n, 8. 49, a1, A1 1e, 340, AQe,
K1k} ", 2% . N 2% . 4% s 9. 16, A _
320 n, 18, n, 9. .o, Q. 9%, 18. 339, Tan,
324 .. 18, ", 2%, 49, 4, 12 1 198, 7. 730,
s0 L 8, n, 2%. o, 4. 204, 14, M. ae>.
KRR} . LI LI 3 ", 4. 100, oy 302, 8y?7,
RY L] ., n, a, 33. o, 4. 199, 16, 294, $97.
Jén " _n . 19 | N \ 4 141 i 9
340 " or " e 0wy “; e le. 270, a1,
(LYY ", 0. n, 33 4, 4. . 16, 202, $97.
380 n, a, ", 33, ", 4. 0. 18, 293. [TY R
. 349 LN LN n, 3. (LN 4. (1 B8 PN 248, 438,
1]
’ TTaL 2%, S9)99S.__4aegen.  SAde.  29wrev.  Qpdee. Jemi22. a3, 3200a. jasesns.
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Output Data Set Number V-2

Data Set Name: Fatality Table
Submodel Using Data Set: Disease and Chronic Conditions Submode’

General Description: This table displays the total number of fatalities expressed

as a fraction of the initial population by five day periods and by disease.

Data Set Elements:

Name Definition

DRD Fraction of population that died during time interval DT.

Sample Output Showing Format Specificationms:




NUMRER OF DEATHS

LOCATIUN OF 4TTaCK~-

NEW ODRLEANS « max §

RES POP PEFUORE aTTACK=- N 0 - e .
NS PNP Jum AFYER oTTACK=- 1000000
PP 3N NAYG AFTFR ATTACK- a17000 . e e e -
AST Day DISEASF
"n PIRIIN  DIPW DISF GAST _ MEPa ___INFL. HEAS PaRp  SCAR __ wwoO T0TaL
5 n. ,0' . ,51 ,._,_Jl —— ol ———— ,L__‘_ - ___ﬂ.;* !& L - -.‘
1 0. n. FLR 0. n, 0. [ B 9, 0, 2%,
1% . . . H, 0. 108, Q. 0, 2. 0, 0, D, 184,
20 u, 0, 997, 0, 8. n, 0, 0. n, 1021.
2% . . Mo, 0. L N DU 6, 0, 2035
0 la, LB 1318, 0. 8, n. 0, 0, 0. 1348,
Ak i, LB 531, 4, 16, _  _f._ _ A, ' I N 3aA,
4 25, 14, 196, A, 16, n, LR 0, 0, 20,
45 35, 16, 74, A, 25, - J 8, 8, n, 163,
50 41, 25, es. LB 4, A, 8, 0. 0. 188,
59 57. 43. LR [ aw, ", A, 0, 0, 172
4n 6. at. n, LN 65, &, 16, 0, n, 204.
. 74, 9. n, 16, 90, L 16, o, 0. 253,
T 82, w5, n, 16. 114, e, 25, o, 0. 311.
™ n?, 90, n, 8, 131, 0, 25. 0, 0, 338,
“g T8’ T qnb, n, 8. 18% [ 33, [N 0. Sae,
’6 e, 141, n, 8. 163, n. a, 0, 0. a17.
30 65, 156, n, . 172. 0. 'L g, n, 449.
) 57, IELE n. A, 163, a, 87, 0. n. 474,
170 a1, 212, n, .. 188, 0. 68, 6, n, a2
1% 35, 239, n, 8. 339, 0. 7e, 0, 0, 482. s
110 3§, 247, n. g, 125, . 82, L L 457,
119 27, 245, n, 0, 9N, 0, 9, 0, n, 'YW
12¢ 1h, 245, n, 0. LY 0. 106, n, 0. 449,
12% 16, 239, n, 0. 8%, [JR 114, o, 0. 42s.
10 4, 212, n. 0. 49, 0. 123. 0. 8. a0n,
135 ", 196, n, e, 41, . 123, 0. R, 378,
140 ", 1-0. fn, G. 33, 6. 131, v, L Jah.
145 LN 15, n, G, 25, n. 131, 0. 8, 327.
130 L 119, n, G, 14, 0, 123, 0, ", 294.
14% . 114, 1, e, 18, 0. 123, o, s, 267,
149 (U ve. n, G, [ 0. 114, 0, n, 220.
149 v, 0. __n, 0, b, 0, 106, 0, A, 232 L
170 [UN ’ée, n, 0. A, n, 98, 0. LB 18R,
178 " n5, ", 0. A, r, 90, 0, LI 172,
190 ", 9. n, 0. A, 0. 82. 0, 8, 147,
14% ", .1, n, 0. 0, 0. 74, n, ., 123.
(X1 ", ., LN 0. e, 0, 3, o, ., 114,
199 ", .3, n, 0. 0, 0, 57, 0. o, L LI
PR (. ELT L R 3. BELR T L I
PERS ", s, n, 0. 0. LR €, e, s, 82.
21 ", 1A, o, . o, ). a, n, L es.
PEL] ", 18, n, [N e, o, 33, e, 8 87,
/0N ", 18, ", 0, [JN n, 33, 0, L 57,
/on ", ®, n e, 0, o 2% 9. . 4.
PAN : [N ' TR . [N L R L LB TR .
PETY n, ", n, e, 0, n. 2. 9. 0. n
/40 v, ", n, r., o, e, 16, a, n, 2.,
PLLY ', q. n, ", 0, [N 16, 0. 0. 2.,
¢ 30 [N , ", 0. [ 0. 16, 0. 0, 28,
PR [N Je L e. Q. 8. 8. Q. 0. .,
/80 [N 8. Y, 0. 9. n. [ B 9. e, A,
PEY ) 0. 0. 8. 0. 0, 0. ’, ¥, f. a,
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Output Data Set Number V-3

Data Set Name: Plot of Infectives and Required Physicians
Submodel Using Data Set: Disease and Chronic Conditions Submodel

General Description: This output consists of a list and graphic plot of the

total number of infectives and the corresponding physician requirement for
every fifth day during the 1 year postattack period.

Data Set Elements:

Name Definition
RST® Total
TPT Number of Physicians Required

Sample Output Showing Format Specificationms:
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Cutput Dats Set Nurber V-4

Data Set Name: Drug Requirements

Submodel Using Data Set: Disease and Chronic Conditions Submodel

General Description: This table displays the five day and cumulative drug

requirements for the 1 year postattack period.

Data Set Element:

Name Definition

(5 day name) (total name)

DRUA DRTA Intravenous infusion required

DRUB DRTB Penicillin units required

DRUC DRTC Broad-spectrum antibiotics required
DRUD DRTD Streptomycin required

Sample Output Showing Format Specifications:
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Appendix E

The Fifteen Leading Causes of Death in Selected Countries

This appendix lists the fifteen leading causes of
death for two contemporary under-deveioped countries
(Nigeria and Portugal), for the U.S. in 1900, and in
comparison, for the U.S. in 1964. These data serve to
amplify the Background Section in Chapter 3, Disease
and Chronic Conditions Submodel and refers directly to
Figure 6 in the main text.
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Appendix F

Epidemiologic Features of Communicable Diseases

This appendix discusses some salient
epidemiologic features of communicable diseases,
It deals briefly with man-to-man transmission
(Section 1), with food- or water-to-man transmission

(Section II), and with vector borne diseases
{Section III).




s

-

Appendix F

Epidemiologic Features of Communicable Diseases

I. MAN-TO-MAN TRANSMISSION

A. Introduction

Most of the mathematical modeling of disease has been of those transmitted from
man-to~man, Given one infective in the group, the course of the disease spread
depends upon several factors, the three most important of which are:

1) Immune status of the group members.

2) The likelihood that a susceptible will contract the disease if he comes

in contact with an infective (called communicability, or infectiousness).

3) Mixing parameters which reflect the degree of contact among susceptibles

and infectives.

B. Dynamics of an Epidemic

To reflect the dynamics of the disease, models also include incubaticn periods,
length of the infectious period, etc. The size of the group, its gecgraphic disper-
sal, and the frequency of infective-susceptible contacts all affect the speed with
which the epidemic builds to its peak and then dies out. In cities the buildup can

take months. This fact has important implications for disease countermeasures.

C. Statistical Behavior of Epidemics

A significant result for our purposes is the Kermack-McKendrick Threshold

1/

Theorem~" (and its stochastic analog) which states that if the "relative removal
rate" of infectives exceeds a threshold value, then the epidemic will die out with
only a few cases. If the relative removal rate is too low, then the disease will
sweep through nearly the whole population of susceptibles. The exact fraction of
susceptibles infected depends on the particular conditions cited above. An example

of this behavior is shown in Figure F-1.

E. Effect of Immunization i

The second feature of interest is the effect of immunization. If a sufficiently

high proportion of the exposed population is immune, an epidemic simply cannot occur. {

!J Bailey, N. T. J, The Mathematical Theory of Epidemics. New York: Hafner

Publishing Company, 1957,




The percent of the population which must be immune depends on the type of mixing,
the infectiousness of t‘he disease, the size of the group, etc.; but in general it

can be less than 100 percent. A striking example in the United States is polio.

<

E N

Source: D. G. Kendall. "Mathematical Models
of the Spread of Infection," Mathe-
matics and Computer Science in Biology
and Medicine, pp. 213-225.

Fig. F-1. The Distribution of the Size, E, of a Stochastic
Epidemic; N = Population of Susceptibles
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II. FOOD- OR WATER-TO-MAN TRANSMISSION

For food- and water-borne diseases, theory and observation reveal only that the
epidemic follows the typical logistic curve (Figure F-2). This shape reflects a
distribution of times of ingestion as well as a distribution of incubation periods.

The size of the epidemic will depend on the exposure pattern (the whole community's
water supply, or only a few contaminated fruits and vegetables), the concentration

of the organism (amount of it ingested), and the {mmunity status., If, in a disrupted
environment, boiling or sterilizing drinking water, washing raw fruits and vegetables
with mild antiseptics, and cooking food well were strictly observed, enteric infections
could be 1fmited. Since this cannot be presumed to be the case initially, we estimate

a rather severe threat from gastroenteritis because the organisms are so widespread.

L]
w0 160+
1604
0 r-‘ 126 DJYI Ate food from infected ehnp
§ \no 36 %o Mistery of centact or of watiqa
o ol 20 Family or elese contorl’™ fomd
5 i
- ‘01
-
j 0 401
: N
.= 0
:." ¢ D 2027 3 1017 2
E L‘ |l May 19644 June 1944
3 ° 2 ] 5 " rY . 121 3 & % 0}

Week of Onaet of Clintral
1linses

Source: Williams, T. '"The Basic Source: Walker, William. ''The Aberdeen
Blrch- Death Model for Typhoid Outbreak of 1964"
Microbial Infections," Scotland Medical Journal,

The Journal of the Royal 1965, pp. 466-79.

Stitistical Society. Series
B, Vol. 27, No. 2, 1965.

Fig. 2a. Distribution of Incubation Fig. 2b. Frequency of Typhoid Cases
Periods in Milkborne Outbreaks by Weeks of Onset and History
of Streptococcal Sore Throat of Exposure, Aberdeen,
in Catskill, New York, U. S. A. Scotland.

Fig. 2
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III. VECTOR BORNE DISEASES

The mathematical modeling of disease transmitted to man via a vector host is
congsiderably more complex than for the man-to-man class. It has, however, been
successfully carried out for malaria. The field is reviewed by Serfling.zl The
principal results of interest relate to human and mosquito vector populations in
equilibrium (the disease is endemic) and not to the probability that an epidemic
occurs when conditions are altered. Thus, current theory was of less value for

this class, since as is later shown, mosquito borne diseases are not important.

2/ Serfling, Robert E. '"Historical Review of Epidemic Theory," Humen Biology,
A Record of Research. Vel. 24, No. 3, pp. 145-166.




Appendix G

Estimated Postattack Disease Parameters, Countermeasures,
and Preventable Deaths

This appendix contains a description of the procedures used
to estimate provisionary disease parameters (Section I), the effect
of countermeasures (Section 1I), and the number of preventable
deaths (Section III). These estimates provide the basis for the
Discose and Chronic Conditiors Submodel.
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Appendix G
I. ESTIMATED POSTATTACK DISEASE PARAMETERS
following definitions and tables are used in deriving estimates of health

Postattack conditiuns favoring disease spread conditions after a
nuclear attack are very austere and involve disruption of family,
food, supplies, sewage treatment, and public health systems in general.
Community size {and composition) has an effect on health problems.

A community size of 20,000 was assumed. For example, sewage disposal

in a very small community may be of little concern up to a point

because natural controls of the environment can be sufficient. How-
ever, the larger the community the more important bec >mes human in-
tervention in pollution control. Similarly, the larger the community
the more likely is the appearance of one infective. On the other
hand, the larger the community the longer it takes the epidemic to
peak out, and the lower the percent of population affected if an
epidemic occurs.

The attack rate for a communicable disease is the percentage infected.

Countemeasures considered are as follows:

a. Medical prophylaxis--the use of antibiotics, antibacterials,
vaccine, gamma globulin and antiseptics.

b. Vector control--the use of chemicals, sanitation, etc. to reduce
inaect populations, and control of animals which may be the
source of infection.

c. Food, water, sevage and personal hygi{ene measures--control of
infect{ous agents through the proper storage, distribution, and
preparation of food and water. It also includes persoial hygiene.
Because of the postattack conditions that have been assumcd, many
of the personal hygiene measures will be very difficult to take.
These include avoiding contact with {nfectives, cxposure to the
elements, adequate slecp. etc. Quarantine and {sclaticon may be
difffcuit to enforce.

d. Medical treatment--~curtently available medical know!edge,

procedures, and treatment supplies have been assumed.

G-2




5. Expected fatalities = (Pi = Probability of initial infection) x (Probability
of epidemic given Pi) x (Expected size of epidemic given that it "takes
of f") x (Case fatality rate)

Each of the four factors of course varies with the healZh preparedness measures.

For estimated values of the first two factors, see Table G-l.

Table G-1

PROBABILITIES ASSOCIATED WITH DISEASE SPREAD
(POSTATTACK CONDITIONS FAVORING DISEASE SPREAD AND A COMMUNITY SIZE 20,000)

Probability of Probability of

at Least One an Epidemic

Case Appearing Given One Case
Pneumonia 0.95 0.7
Influenza 0.95 0.95
Typhoid 0.05 0.7
Paratyphoid B 0.05 0.7
Dysentery 0.3 0.7
Cholera 0.0005 0.65
Hepatitis 0.7 0.3
Plague 0.3 0.7
Smallpoxl/ 0.005 6.3
Typhus 0. 005 0.7
Vhooping Cough 6.7 0.7
Measles 0.95 0.3
Diptherist! 0.7 0.7
Gastruenteritis 0. 95 0.7
Scarlet Fevergf 0.05 0.7
Meningococcal

Meningitis 0.0% 0.05

/

1
= Assuming present rate of vaccination or mmunization.
NG

Includes <evere streptuccccal sore throat.
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i Teble G-I1 shows the relative weight of Man-to-Man, Enteric,

and Vector Borne mcdes of transmission for postattack diseases. For

“ example, Typhoid is transmitted in 20 of the cases by Man-to-Man

contact and in 80% of the cases by Enteric contact.
.
B
.
iy v
" . Table G-1I
‘i THE RELATIVE WVEIGHT OF DIFFERENT MODES OF TRANSMISSION
.'f:‘ OF THE MAJOR POSTATTACK COMMUNICABLE DISEASES
g (in percent)
Diseases Man-to-Man Enteric Vector Borne
Ppeumonia 100 0 0
; Influerza 100 0 0
Typhotd 20 80 9
& Parathyphoid B 20 80 0
g Dysentery 20 80 0
3 Cholera 30 70 0
B Hepatitts 60 40 0
Plague 50 0 50
Smallpox 100 0 0
]
Typhus 0 0 100
Whooping Cough 100 0 0
} : Measles 100 0 0
: Dipther.a 90 10 0
’ Gastroenteritis 10 90 0
| Scarlet Fever 20 20 0
Meningococcal
Meningitis 100 0 0
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1I. ESTIMATING EFFECTS OF COUNTERMEASURES

The variarions in the health system which were examined as countermeasures
are:

Medical treatment (biologicals, chemotherapy)--affects the case

fatality rate.

Medical prophylaxis (immunization, prophylactic use of antiblotics,

antit icterials, antiseptics, and gamma globulin)--affects the expected

size of the epidemic and the probability of occurrence of an epidemic.

Case fatality rate would also be affected (partially successful immuniza-

tion mitigates the severity of an attack) but this was not estimated.

Food and water purity, sewage control, and personal hygienme--affects

probability of an initial case and expected size of epidemics for
enteric infections, and the expected size of an epidemic for man-to-man
transmission.

Vector control (reduction of insect populations)--2ffects probability

of an initial case cof plague and typhus anda the expected size of an

epidemic should one occur.

The effects of these health measures on fatalities were estimated singly
zrd combined. Since some diseases have more than one mode of transmission,
computing the effect of a countermeasure specific to mode-of-transmission
(vector control, say) requires partitioning the disease between two categories.
This set of requirements was shown in Table G-III.

One measure of the importance of various communicable diseases postattack
is the expected numbers of deaths. Such an estimate is shown in Figure G-1 when
there are no countermeasures. Similar figures can be derived for combinations
of countermeasures. It is interesting to note that when these values are plotted
in a cumulative plot (deaths versus mmber of causes) the results are consistent
with the hypothesis that a small number account for a large share of the disease
problems.

On the other hand, prevalence estimates are required to give guidance about
medical care requirements and general health status.

The kind and amount of staff and drugs designated to be needed for obtaining
minimum case fatality is listed by dise¢ ise in Table G-IV. The multipliers for
this minimum fatality rate in the event that staff or drugs are only half available,

or not at all, are given in Table G-V.
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? 1 = Gastroenteritis
8 2 = Plague
3 = Dygentery
L 4 = Diphtheria
61+ 5 = Influenza
6 = Typhoid
3 7 = Scarlet Fever
:g:::nt of 4 8 = Paratyphoid B
Populaticn 9 = Typhus
3 10= Whooping Cough
5 li= Hepsatitis
12= Checlera
1 13= Smallpox
0 SR l4= Pneumonia

1142 365 610158 7 9 11R1613 15= Measles

16= Meningococcal Meningitis
Diseasges

Fig. G-1. Expected Untreated Death Rates by Major Communicable
Diseases With No Countermeasures
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Table G-IV

GUIDELINE FOR DESIGNATED TREATMENT BY DISEASE

E‘ Kind and Daily Amount Kind and Daily
_Digesge of Prof, Steff* ~Agount of Drugs**
Pneumonia .02p .10N .02T 1B
L Influenza .02P  .10N 02T 1B
Typhoid .02P . 10N .02T (0.5)E
f Paratyphoid B .02P  .1ON .02T 1E
Dysentery .02p . 10N .02T 1D
Cholera .02P . 10N .02T 1A
Hepatitis .02p +10N LO1T
Plague .02p . 10N 02T 2C
Smallpox .02P .10N (0.5)B
Typhus .02P . 10N .02T 1C
Whooping Cough .02P . 10N .02T (0.25)8
Heasles .02P .10N 1B
Diphtheria .02P .10N .02T 1B
Gastroenteritis .02P .10N .02T 1A
Scarlet fever .02P . 10N .02T 1B
Meningococcal Meningitis .02p . 10N L02T (0.05)B

physician
nur se

=3 Z

laboratory technician

mo 0w

The decimal fraction before the letter
indicates the part of a man-day devoted
to the care of one patient.

Intraveneous infu. ion--3 pints of Saline
Penicillin--1,000,000 units
Tetracyclin--1 gram
Sulfa--1 gram
Ampicillin--5 gram

(The number before the letter indicates the

number of Joses of the drug.)

G-8
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Table G-V

MULTIPLICATIVE MORTALITY FACTORS FGR DOWNGRADING
PROFESSIONAL STAFF OR DRUGS OVER ONE LEVEL *

Disease 1/2 Staff 1/2 Drugs
Influenza 1.7 1.4
Parathyphoid B 1.8 1.5
Dysentery (Shigellosis) 3.0 2.0
Hepatitis (Infectious) 1.5 1.2
Whooping Cough 2,0 1.4
Measles 2.2 2.2
Diptheria 2.5 1.8
Gastroenteritis 3.0 1.8
Scarlet Fever 1.7 1.4

These factors are to be applied to the individual
death rates of a disease when full medical staff is not
available or adequate drugs are not available. These
multipliers are applied once for 1/2 of the required
supplies (or staff) or twice for no supplies (or staff.)
For example, Dysentery with 1/2 required staff and no
drugs would be 3.0 x 2.0 x 2.0 = 12.0 times the fully
treated death rate.

G-9
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I1I. ESTIMATION OF PREVENTABLE DEATHS

A more illuminating way to present the results is in terms of "Preventable
Deaths." This measure of effectiveness, which is the difference in expected
fatalities with and without particular combination countermeasures, shows the

necessity of planning emergency medical programs. These results are summarized
in Table G~VI.
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Appendix H

Methods of Estimating the Soper-Reed-Frost Parameters from literature
Data for the Disease and Chronic Conditions Submodel

This appendix lists the various methods by which the Soper-Reed-
Frost parameters can be estimated for given communities and diseases,
using data available in tl.e literature.




Appendix H

Methods of Estimating the Soper-Reed-Frost Parameters From Literature Data

I. INTRODUCTION

There are three ways to assess the contac® rate (A):

1) By using the model represented by equation 3-2 if the values of all other
characteristics except one are known from observations.

2) By means of the attack rate if certain conditions are met.

3) By means of the average time interval between successive epidemic waves
in the case of recurren: epidemics in large communities if some other
(naracteristics are known.

The within-household contact rates used for this model were determined by a secondiry

actack ratio (see "' abuve).

I1. SPECIFIC ASSESSMENTS OF CONTACT RATE

A. Assessment by Means of the Ueterministic Chain-Infection Model

Assuming influx of new susceptibles, equation (2) in Chapter Il permits the
calculation of the contact rate if the va.ues for all other characteristics except
one are known from observations, These characteristics are: (s) prevalence of
susceptible persons, (i) prevalence of infective persons, {m) birth rate, (a) pro-
purtion of che infected persons that becomes intective, and (D) average duration of
infectivity in an infective person. [f the demographic performance of the model
does not conform with reality, slternative models can be used.

8. Assessment by Means of the Crude Attack Rate

Thic method requires that 100 percent of the community is susceptibie at the
beginning of an epidemic : This requirvement is somet{mes met in influensa and
adenovirus epidemics. [t can be shown that under such cvircumstances, where at the
same time a=l, the¢ crude attack rate, when expressed as a proportion of the toral

population (N), is a measure of the contact rate. Ncndali!/wcrkvd with Soper's

1 Kendall, ', G, "ieterministic and Stochastie Fpidemice {n tlosed Populstiong,”
Proceedings. Third Berkeley Symposium on Mathematical Statistics and Probability.
Berkeley and Lus Angeles. Calif,: iniversity of calitoria, Vol o, Lude,

pp. 149-16%,




continuous-infection model (see chapter III)

A = Spl
wiere A {s the number of individuals infected during one unit of time. This formulas
is similar to % = s\i since approximately pN = \ when N 1is large enough. The
latter eguation is the limit of equation (2), chapter III.

M)

A -
N s{l-e

wvhen \{ approsches zero. For most epidemics this {s probably a fair spproximation.
By m2ens of s mathematical treatment of the Soper model, Kendall arrives at the

results given in table H-I.

Table H-1

RELATIONSHIP OF CRUDE ATTACX RATE TO PRODUCT OF CONTACT
RATE AND DURATION OF INFECTIVITY IN AN EPIDEMIC

STARTING WITH A POPULATION OF 100 PERCENT SUSCEPTIBLESg/
Proportion of ~ Product of Contact Rate and
Populstion Attacked Duration of Infectivityk/
.00 1.00
.10 1.0S
.20 LIS 94
.30 1.19
40 1.28
.50 1.39
.60 1.53
.10 .12
.80 .ot
.90 .56
.95 3.1
.98 1.98

f Source! Kendali, D. ¢, '"Determinjstic and Stochsstic Epiltemics in (losed
Populatione,” procesdings, Thitd Merkeley Svzavsium v Masheosticai
Stetistice sud Probebility. Derxelay and Loa Angeles, Calif. Vol.d
1956, pp. 149-168

5/ D G. xendall used tie term "Ponulation ss Multiple of 'Threshold'
K/-," whare p s equivelent to 1/(Dp) (n the presently used notstion.
Since eppronimetely p =\/N (see cquetion (2) tn chepter III), repluce
the whole ccluen hesding by KDp - NDV/K - D\,




Coany keewing tnooor oot o bt population attaceod and the valae

duration of infectivity, tire value of the vontact rate car be calcuiated.

Because this model dees nct take into account the influx of new susceptibles
by birth and migration, this method is appliicable only to acute epidemics of short
duration. Under these circumstances, the influx of new susceptibles can be neglected.

C. Assessment by Means of the Time Interval Between Peaks of Recurrent Epidemics

Bartlettglused the Soper model with influx of new susceptibles (Chapter III).
In a stochastic stationary process, the values for the number of prevalent suscep-
tibles (S) and prevalent infectives (I) have the expected values E(S) = S0 and
L(I) = Io respectively. By equating the expected values of the first derivatives of

S, and I_ to zerc, so that

t
[(dS)t ] (dn),
E ~—d-t—- = 0 and E "a—t"- =0 ’

the following equations are obtained:

T
‘o 1
- — = —— (11
h] and p SOD . (H-1)

=

These equations are identical to the deterministic ones of the Soper model where SO
and I0 are equilibrium values.
Moreover, Bartlettgfassumed an influx of new infectives into the community
from outside st the razi of ¢ persons per time unit or of the proportion % of the
€

community. Now let be small so that the delay in the growth of an epidemic

wave after the influ; of an infective from the outside can be neglected. (The delay
In growth should not be confused with the delay or waiting time since the end of the
previous epidemic before an infective immigrates from the outside; the latter waiting
time gets longer as %»becomes smaller.) Bartlett's treatment of the equations relevant
to this situation implies that the probability density of the disctribution of the delay

time before the start of a new epidemic wave is

r(1-1)1F L T
2/ " , . .
- Bartlett, M. S. Measles Periodicity and Community Size," Journal of Royal
Statistical Society. Series A, Vol. 120, 1957, pp. 48-60.
3 Bartlett, M. §, Stochastic Processes. Cambridge University Press, 1955,
4/

Bartlett (1955) actually wrote ¢ instead of e/N, but since in his reasoning
the characteristic seems to be independent of the community size N it is
better represented by ¢/N if ¢ is proportionate to N. He made the latter
assumption in 1957,

-4




were

-
a
b2 ]
w2
[ad

[N

r= w D (-3

t = duration of time since the end of
the previous epideric wave, when
at that time therewere no susceptibles

This distr{bution has a mode at

(H-4)

"=

Thus the time t corresponding to this mode csn be obtained by substituting equatioms
(H-2) and (H-3) into (H-4):

m XD T = 2D

"
—
+

ag}
1]
=]
b ]
]
+
oM
2z
g
>
o

(H-5)
If N 1is large enough, equation(H -5) can be replaced by
~ i
t=a%ad (H-6)
Equation (H ~1) can be multiplied on both sides by N
pN-= —_— so that A\ = pN = L
S s D
. D o
N
The results can be substituted into equation (H-6) so that
s
T=-=2 (H-7)
m Y

where t is the predicted mode of the duration of the time interval between two con-
secutive epidemic waves.
Two questions need to be answered before this formula can be applied:

a) What is the minimum population size N compatible with the use of the
abbreviated formulas (H-6) and @ -7)?

Bartlettz reported the buildup of an artificial epidemic process extended
in space as well as in time. He found that this simulation predicted that

2/ Bartlett, M, S. 'Measles Periodicity and Community Size," Journal of
Royal Statistical Society. Series A, Vol, 120, 1957, pp. 48-60,

H-5




Telativeiy isvlateu { %05 s.7..ar U° certa.: 2ritish tOW~& reed more than
200,000 inhabitants fcr measies to rerain endemic without en infiux of infec-
tive petients. When he 'ested the prediction with chiservations of towns, he
found that they did not need an influx from outside it the number of inhabitants
wes more than 250,000 or 300,000. Thus, the fit between prediction and observa-
tion was fairly good and this supports the realism of Bartlett’s model.

Date used by Bartlett confer the impression that a relatively isolated
town needs more than 100,000 inhabitants for ite average interval between con-
secutive epidemic peaks to be independent of population size. Hence, for such
@& populstion size the second term of equation (H-5) i1s of minor importance
relative to the first term.

b) Are equations (H-6) and (H-7) applicable when o < 1?

For different values of ¢ in table H-11 the preval:nce of infectives 18
given for consecutive time units following the artificial event where 100 per-
cent of the commnity members are simultaneously infected. Calculation is
baged on the aesumption that ﬁhe intensity of infectivity is equally distributed
over the total duration of infectivity. When the beginning of the infective
period coincides with the highest intensity of infectivity, the influence of the
size of 0 on the prevalence of infectives is less marked; in general, influenze

6
is such a cese (Woodall, et. al.™ ) The influence of the size of o is still

less if the infections, rather than taking place simultaneously, are distributed
more evenly over time. Finally, in the equilibrium state in which the number of
new infectione is equal for all points in time, there is complete independence
between the size of (@ and the prevalence of infectives as long as the product

oD remains constant. In many cases whece a stationary process 1s reached and

the amplitude of the oscillations of s and 1 around the expected values is

small. Equations (H-6) and (4-7) also seem applicable to diseases (like tubercu-
losis) with a value for o that is appreciably smaller then one. In other diseases
(like diphtheria) if the value of a is not tuvo small, & much larger amplitude of
the oscillations seems to be compatible with use of equations (H-6) and (H-7).

D. Assessment of the Within-Household Contact Rate by Means of the Secondary Attack
Rate

In considering a population 100 percent susceptible to & disease, the secondary

attack ratio (B), expressed as a proportion of the population, is here:

Number of persons serondarily attacked
Number of persons expcsed

- Number of persons secondarily attacked in the household
Number of persons (all susceptible) present in the household

6/ Woodall, J,, K, C. K. Rowson, and J, C, McDonald. '"Age and Asian Influenza,"
British Medical Journal, No. 5108, vol. 2, 1958, pp. 1316-1318.
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rA‘;\ :,1
- —= ey
n=1
where (A)O D is distinguished from A = ;% (Chanter II1) by being observed over the
L
time interval O0,D instesd of the usual unit of time (D is the duration of infectivity
in an infective person).

1Z only households with one primary case are considered,
- '
B=(p')g (H-9)

where (p')0 D is similerly distinguished from p' bv using the probability of at least
one ccentact between any two specified persons in the household during the time inter-
val 0,D.

Apply equation (3), Chapter III, to one of the algebraic definitions of e, the
base of the nstural logarithm:

- - 1
[1 SN D]“ 1, D (i-10)

Substituting equation (H-9) into (H-1U)},

-t e o e 5‘-{,-1- ¢n(1-B). (4-11)

Thus, if n, D, and B are known, the within-household contact rate can be calculated.
In summary, the cunditions to be met are: (i) The household should contain

only susceptibles except for the primary case; (2) The secondary cases should have

been infected by the primary case only, not by each other nor by outsiders; (3) All

subclinical infections should be reported.

I11. ASSESSMENT OF THE NONSPECIFIC HOST RESISTANCE

If it can be sssumed that there are no deaths among the susceptibles and that

tne population is stationary and stable (ccnstant birth rate equals the constant
death rate),




Appendix I

Determinants of the Contact Rate in the Disease
and Chionic Conditions Submodel

This appendix describes and summarizes nine
envirormental attributes and their interrelation-
ships which are a priori likely to influence the
rate of epidemiologic contact between individuals
in the Soper-Reed-Frost model.
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Appendix |

Determinants of the Contact Rate in the

Disease and Chronic Conditicns submodel

Several behavioral and environmental attributes are likely to influence the
level of the contact rate. Nine of these attributes will be considered in this
Appendix; i.e., radiation, crowding within the household, size of the household,
relative humidity, temperature level, temperature changes, season, ventilation and
air pollution. In order to assess the relative effects of these nine attributes,
it is necessary to measure the contact between individuals in the Soper-Reed-Frost
model. 1If cne assumes that persons at risk are known to be susceptible, this
contact rate might be measured within the household as a secondary attack ratio
and in the community as a crude attack rate. The restriction of classifying the
persons at risk as susceptible or nonsusceptible usually demands skin tests
(for tuberculosis and diptheria), serological tests (for influenza) or reliable
histories (for measles) in diseases conferring lifelong immunity. The following
virus digeases, however, have the advantage of not needing these tests to provide
data for computing the contact rate: common cold, adenovirus type 4, and influenza
type A.

The common cold can be caused by a number of viruses; each virus probably
differs in its ipvasiveness and communicability. Hence, in order to apply observa-
tions o1 the quantitative relationship between crowding and contact rate of the
common cold to the quantitative relationship of other respiratory diseases, it is
assumed that the numerocus common cold viruses are fortuitously randomly distributed
among all population yroups as observed or predicted. Under this assumption the
common cold can be viewed as one disease with short-term immunity to which large
population sections are susceptible.

Adenovirus type 4, a disease producing lifelong immunity, rarely attacks non-
military populations; thus it can be assumed without much investigation, that

certain young age groups are susceptible (ncnimmune) to this disease.




Studies ot inf . lencs Twoe A {5y Davenpoert, Francis, Hennessy, Hi.leman, and

1-8/ . . R
S=nsen)— show that, cnroughout the worla, porsens of the same age have largely

identical {mmunological expertence with the various "families' and strains of this

virus type. Thus, like for adenovirus type 4, it is sometimes justified to make

sweeping generalizatious concerning the susceptibility of an entire population when

a new "family" or strain emerges by antigenic mutation.

rate is presented below.

index of within-househoid contact rate under given circumstances, Appendix H.

A brief discussion of the nine ettributes that influence the level of contact

Radiation
If radiation influences the contact rate, it is in the direction of an

increase. liowever, in view of present knowledge, it is unlikely that this in-

fluence will be large compared to the change in susceptibility.

Crowding Within Household (common cold)

Brimblecombe et gl.JL/ found that differences in degree of crowding are

corielated with differences in the secondary attack ratio (this ratio can be an

Davenport, F. M., A. V. Heunessy, and T, Francis. '"Epidemiologic and Immunologic
Significance of Age Distribution of Antibody to Antigenic Variants of Influenza
Virus," Jovrnal of Experimental Medicine, Vol. 98, 1953, pp. 641-656.

Francis, T. "A Serological Wecapitulation of Human Infection with Different
Strains of Influenza Virus," Transactions of the Association of American
Physicians, Vol. 66, 1953, pp. 231-239.

Jensen, K. E., and T. Francis. "The Antigenic Composition of Influenza Virus
Measured by Antibody Absorption," Journal of Experimental Medicine, Vol. 98,
1953, pp. 619-b639,

Hilleman, M. R., and J. H. Werner. '"Recovery of New Agent from Patients with
Acute Respiratory Illness," Proceedings of the Society of kxperimental Biology
and Medicine, Vol. 85, 1954, pp 15%-188.

Hennessy, A. V., F. M. Davenport, and T. Francis. '"Studies of Antibodies to
Straina of Influenza Virus in Persons of Difrerent Ages in Sera Collected in &
Postepidemic Period,”" Journal of Jmmunoivsy, Vol. 75, 1955, pp. 401-409.

Davenport, F. M., and A. V., Henaessy. "A Sercologic Recapitul-~tion of Past
Experiences with Influenza A; Antibody Response to Monovalent Vaccin," Journal
of Experiments]l Medicine, Vel. 184, 195&, pp. 85-97.

Jensen, K. E. "The Nature of Serelogical RElationahips Among Influeuza
Virugee ' Advances in Virus Research, Vol. 4, 1957, pp. 279-310.

Brimblecombe, F. S. W., et al. "Familv Studies of Respiratory Intections,"

—— ——

British Medical Journal, No. 30&3, vel. 1, 1958, pp. 119-128.




In their study, if one or two rooms were available for a familv of five, ths :.econdary
attack rate averaged 17.4 percent; if four or more rooms were avatlable for such a
family, the rate averaged 13.5 percent. If rhis association between crowding and
secondary attack rate would remain the same when other facteors showing association
with the secondary attack rate are taken into account, such an association under the
same assumptions could be applied to other respiratory diseases.

3. Size of the Houschold (common cold)

An English study on the distribution of secondary infections of the common cold
over the households of a rural community gives some clues to the influence of size
and composition of the household on this distribution.

Lidwell and Sommervilleg/observed distributicns of secondary infections in the
village of Bowerchalke near Salisbury, England and classified the households accerding
to size and combination of age groups ("adulcs', "school children', "infants')
belonginyg to the household. They performed two operations for each class of house-
holds separately: (1) They plotted a frequency histogram of the number of secondarv
infections observed, and (2) they determined the single value of the within-household
contact rate p' best fitting toc all obscervations in this class. Using this p' value
and a random variable to simulate within-househeld infection, they plotted a frequency
histogram of the number of secondary infections thus predicted by the Reed-Frest model.
In superimposing the observed and predicted histograms thus obtained, Lidwell and
Sommerville found a good fit for each class of households.

The concept ot contact rate applies not only to household classes but also
to individuals within the household. For example, if a household i{s made up of four
individuals with p' values of 0.1, 0.2, 0.3, and 0.4, the members share a "ho. '.0ld
p' " equal to the arithmetic average of the figures (0.25),

The members of a number of heuseholds can be stratified according to "family
status' (father, mother, older or younger school child, toddler). An tndex of
the average individual p' values of such strata is the "relative communicability
rat{o" devised by Brimblecombe et al. Ratios for the five mentioned categories of
family status were assessed in a study of London families attending Paddinwton Greon
Children’s Hospital Clinic.

9/ . .
- Lidewell, 00 M, aid T, Sommerville. "Oheervations oo the Incidence and Distributy

of the wommon Cold in a Rural Community During 1948 and 1943, Journal of Hygiene,
Vol. &9, 1951, pp. 3e5-38;




Table I-1

BEST-FITTING VALUES OF THE RATE OF CONTACT '"WITHIN
HOUSEHOLDS" (p') FOR COMMON COLD BY TYPE OF HOUSTHOT!
Based on Observation in English Tamilies, 195. (1588/

I
I
Type of
} Household anueaE/ (")
2 Adule conly .205 115 Ul

Number Age Group Best-fitting- Corresponding (p') Values
of of values’/ to best-fitting Adjusted ford
Members Members (r"), (r") “fam{ly atatus" p'*(n-1) = :
0, ,D "
P
1 1l
3 Adult only L2713 .160 . 155 .310
3 Adult
School-age .20! 111 . 092 .183
3 Adulte
Infant .284 167 .151 .302
4 Adult only . 146 . 073 .076 1229
Adule
School -age .246 .14l .108 324
4 Adult
Infant L2613 . 156 137 411
4 Adult
School -age .166 090 074 L2321
Infant
6 Adule
School -age 164 . 090 069 L34S
7 Adult
School -age 161 . 088 . 569 414
7 Adult
School -age 187 .08 081 368
Infant

a’ i . L/ : . 11/

4 Brimblecombe vt ai. =" widwell and Sommerville—,

~ The hest-{{irting (p')n D values (within household contact rate ag measured over
.

a time duration D) were obtatned by lLidwell and Sommerville.

[ 1g)

1t has been assumed that the Juratfon of fafertivity D {8 twe time units
(incubation periods).

[

The adlustment was performed by Jdividing the within-household contact rate p'

by the arfthmetic average of the “relative communicabiiity ratica” (Brimbleiombe
¢t al.) attached to the "fumliy status” as croupted by the household numbers
concerned, The age group classificaticn of Lidweil and Sommerville Jdoew not
completely cofn tde with the "famtly status” stratifi.atfon ~f Brimbiecoete et
al. The twe sels of Jata vere made compatable by guessing the most ithely farmtlyv
status occupled by the age groups examined by Lidwell and Summerville.

4
X7 “Papily Studtes of Respiratory .nfectiona,” .~ ot
Lid , .
O Mgbmervats . in the Incidence and Distribation . L.7, op. oLt
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It this index is applied to the best-fitting p' values obtained by Lidwell
and Sommerville, the result is a "p' adjusted for family status". These adjusted
p' values can be transformed intc contact rates (ccmpare equation (3), Chapter
111); thus, the existence or absence of an association between contact rate and
household size can be ascertained.

if p' is small enough, the within-househcid contact rate A' is equal to
p'(n-1). Lidwell and Sommerville's best-fitting p' values adjusted for family
status can be inserted into this equation, and the estimated line of regression of
the resulting ' values on the household size n can be assessed. This regression
is significant at the 5 percent level according to the customary F-test; the slope
of the estimated regression line is +0.04l. A point estimate of the coefficient of
variation of the contact rate is 0.329. When the household class of two adults cnly
(who presumably spend much of their time outside of their household) is omitted, the
regression is not significant and the coefficients of variation of the contact rate is
0.255 (<ee table I-1). This finding supnorts the contention that the contact rate

is approximately independent of community size.

4, Relative Humidity

In a survey of the common cold, Buckland and Tyrel;lg/showed in a medium suspended
in the air that rhinoviruses survive better in higher humidities. On the other hand,
Hope—Simpsonil/recorded an incident during a poliomyelitis epidemic in Denmark in
which the breathing apparatus used fc paralyzed cases produced dry respiratory air
resulting in respiratory infections. These infections ceased immediately after correction
of the respiratory air humidity. Hope—Simpsonlﬁ/also mentioned that in a humid
(humidity constantly 80 percent) cheese factory in Wales the morbidity rate due to
common cold was less than 50 percent of the rate fn a control group.

If such findings could be confirmed under different conditions of observation,
it would scem to indicate that, in the case of relative air humidity, the response of
the host has a larger effect on contact rate than tae survival chances of the organism

when csuspended in the air.

12/

12/ Buckland, F, E, and D, A, J. Tyrrell. "Loss of Infectivity on Drying Various
Viruses,'" Nature, Vol, 195, 1962, pp., 1063-1064,

13/ Simpson, R, E, Hope. "Common Respiratory Diseases--Symposium," Royal Society
of Health Journal, Vol, 78, 1958, pp. 593-599.

14/

Simpson, R, E, Hope. '"Discussion on the Common Cold," Proceedings of the Royal
Society of Medicine, Vol. 51, 1958, pp, 267-271,
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Buckland and Tytelllz/

showed that unspecified adenovirus suspended in air
gurvives better under high relative humidity. However, as pointed out for the
common cold, the quantitative affect on contact rate by virus survival in air
suspension, when the relative hunidity is varied, is probtably less than the
effect of host susceptibility.

Hemmes g&lg;iél and Harper;l/ob-erved that &erosols of cultures of in-
fluenza type A remain viable longer if the relative humidity is lower: after
one hour at room temperature the survival rate was i9 times higher at & relative
kumidity of 35 per:ent than at 65 percent. Buckland and Tyrclllé/ confirmed
this observation. As pointed out fcr the common cold and adenovirus 4, the
quantitative importance of the virus survival in air suspension is probably
emailer than the importance of host susceptibility, in terms of the effect of
either one of these characteristics on the contact rate under various levels
of relative humidity. For influenza A, however, both effects have the same
direction. Choudhury ™ compared an urban, exposed and a rural, closed community
during the 1957 sumner infiuenza epidemic in Indie. He concluded that a relative
humidity of 40~70 percent seemed to favor the febrile influenza catarrhs and
that 80 percent or more seemed to disfavor them. This observation agre2s with
those of Buckland and Tyrell and of Hemmes.
5. Envirommental Temperature Level

And:euealg/ experimentally chilled volunteers and infected them with virus

cultures obtainad from common cold patients; he found thst the attack rate did
not differ from chet of non-chilled control voluntears. Dowling g&,g}.ggj

conducted eimilar experiments with similar resuits. However, in one instance

~— ™~

~.

"Loss of Infectivity on Drying Various Viruses," op. cit.

Hemmes, J. H.. K. C. Winkler, and S. M. Kool. 'Virus Survival as a Seasonal
Factor Influenza and Poliomyelitis," Nature, Vol. 188, 1960, pp. 430-431,

Harper, G. J. "Airborne Micro-Organisms' Survival Test with Four Viruses,"
Journal of Hygiene, Vol. 59, 1961, pp. 479-486,

Choudhary, A, K. "Some Epidemiolcgical Considerations of Influenza 1957,"
Calcutta Medical Journal, Vol. 59, 1961, pp. 231-236, As quoted in:
Americaa Institute of Biological Sciences: An Annotated Bibliography of
Influenza with Indexes. Published quarterly, Washington, D, C.: 1957-1963,

Andrews, C. H. ‘'Adventures Among Viruses, III. The Puzzle of the

Common Cold," New England Journal of Medicine, Vol, 242, 1950, pp. 235-240.
Dowling, H. W., G. G. Jackson, and T, Inouye. '"Transmission of the
Experimental Common Cold in Volunteers. TI. The Effect of Certain Host

Factors Upon Susceptibility,' Journal of Laboratory and Clinical Medicine,
Vol. 50, 1957, pp. 516-525.
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they did find an association: female volunteers in the middle third of their
menstrual cycle had higher attack rates when chilled. Roden,él/in experiments
similar to those of Andrewes and Dowling, found that the attack rates were slightly
higher in the summer than in the winter and that this difference was more marked
among male than female volunteers.

Y »
22

Hemmes = and Harper 7 showed that for Influenza A the association between
temperature level and virus survival in aerosols ig such that variations within
the range of prevailing indoor temperatures entail only small changes in sur-

vival rates.

b, Environmentai Temperature Ciaange (common cold)

Van Loghem-:- found that the attack rate of commen colds is Iincreased when
there is a drop in the outdoor temperature level. Since the indoor temperature
level certainly was mecre constant than the outdcor and since low humidity of
the indoor air was not a prublem (central heating systems were not yet in use),
the change in temperature as a person went outdoors might well have been the
responsible factor, Furthermore, current knowledge (Tromp)gé/ concerning the
physiclogical aliergy reactions of the respiratory tract suggests that a sudden

decrease in temperature promotes the spreading of organisms by the infective
host through sneezing,

7. Season
N 26,27/ .
Hilleman et al.y found that the primary attack rate of adenovirus type

4 among susceptible Army recruits differed by season, The contact rate derived

2L/ Roden, A, T. "Variations in the Clinical Pattern of Experimentally Inducud
Colds," Journal of Hygiene, Vol. 61, 1963, pp. 231-246,
22/

Hemmies, J. H. Thesis, Utrecht (1959), as quoted by Hermmes et al, in:
"Wirus Survival as a Seasonal Factor in Influenza and Poliomyelitis,"

op. cit.

23/ "Airborne Micro-organisms' Survival Test With Four Viruses,” op. cit.

24 Van Loghem, J, J. '"An Epidemiological Contribution to the Knowledge
of the Respiratory Diseases,™ Journal of Hygiene, Vol. 28, 1928, pp. 33-54,

23/ Tromp, S. W. 'Biometeorvlogical Aspects of Respiratory Diseases,' Paper
read at Air Pollution Medical Rescarch Conference, Los Angeles, American
Medical Association, March 2-4, 1966,

26/ Hilleman, M, R., ct al, '"Epidemiology of RI (RI-67) Group Respiratory
Virus Infections in Recruit Populations,' American Jourral of Hygiecne,
Vol. 62, 1955, pp. 29-42.

1/

2~/ Hilleman, M. R., et al, "Epidemiologic Investigations with Respiratory
Discase Virus RI-67," American Journal of Public Health, Vol. 45, 1955,
pp. 203-210.
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from the primary attack rate (assuming that 80 percent of the new recrui:s were
susceptible) was about twice as large in winter as in swmer. This difference
could be due to crowding, ventilation, temperature change, relative humidity

of indoor air, concomitant pathclogy like common cold or allergy (sneezing), or
a ccmbination of some or ali of these factors.

The geographical description of the influenza A epidewic of 1957-1358
suggests that the contact rates were higher in winter and early apring than in
summer and early fail (see, for instance, Langmuirag/). Again, this asscclation
can be interpreted in terms of ventilation, temperature change, relative humidity
of indoor air, concomitant pathology like common cold or allergy (sneezing),
or a combination of some or all of these factors.

8. Ventilation (tuberculesis)

To determine the infectivity of the air in tuberculosis hospital wards,
Rileyég/ titrated this air, using susceptible guinea pigs as an indicator. He
found agreement between the amount of air needed to infect a guinea pig and the
amount of air inhaled by Scandinavian student nurses before their tuberculin-
negative reaction converted. This finding seems to support the notion that in-

creased ventilation of the human envirorment decreases the contact rate for

tuberculosis.
9. Air Pollution (common cold)
McCarroll et il}O L/ in a family study in New York City demonstrated a

positive correlation between sulfoxide content of the air and crude attack rate
of acute respiratory disease (mainly common cold). These data are inconclusive

as to whether the contact rate or the host susceptibility is primarily affected.

28/ :

— langmuir, A D. "Epidemiology of Air-Borne Infection," Bacteriological
Reviews, Vol, 25, 1961, pp. 173-181,

25/ . ;

= Riley, R, L. "Air-Borne Pulmonary Tuberculosis," Bacteriological Reviews,
Vol. 25, 1961, pp. 243-248,

30/

~— McCarroll, J. R,, E. J, Cassell, W, I, Ingram, and D, W. Wolter, '"Health
and the Urban Environment: Health Profiles Versus Environmental Pollutants,"

) American Journal of Public Health, Vol, 56, 1966, pp. 266-275,
31

McCarroll, J. R., E. J. Cassell, D, W, Wolter, J. D, Mountain, J. R. Diamond,
and I, M, Mountain, "Air Pollution and Illness in a Normal Urban Population,"
Archives of Envivommental Health, Vol. 14, 1967, pp. 178-184,
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Appendix J

Determinants of Host Susceptibility in th=z Disease
and Chronic Conditions Submodel

This appendix describ:s five host attributes which
a priori are likely to influence the host susceptibility
which determines in turn the proportion of infected
individuals who become infective themselves (the
"Infective Ratio,')




Appendix J

Determinants of Host Susceptibility in the
Diseases and Chronic Conditions Submodel

The bacterial diseases--tuberculosis, diptheria, and whooping cough--and various
virus diseases such as measles can pnrovide data especlally useful for the estimation
of values for the host susceptibility.

In the case of tuberculosis, indices for the prevalence of infectives (bacterial
cultures, direct smears, chest X-rays) are readily available for many communities.
There is, however, a caution to be observed in analyzing tuberculosis--especially in
rural areas with a mild or warm climate--due to the prevalence of aspecitic acid-
fast infection which confers a degree of cross-immunity. (Amplification: If the
amall *nberculin reactions in the Medical Research Council studyl/are caused by
aspecific acid-fast organism, these organisms would reduce the risk of becoming a
tuberculous case to one-third of its original value.)

In comparing these various countries at different points in time, allowance
should also be made for differences in sensitivity of the index used. (Amplification:
Data are available from Africa (Wiles and Rabieg/; Dubovskyi/; World Health Organiza-

!/
tioni/) from New Guinea (Wijsmulleréig'; Hanegraafl/) and from the United States

"B. C. G. and Vole Vacillus Vaccines in th- Prevention of Tuberculosis in
Adolescents, First report to the Council, ' British Medical Jourral,
No. 4964, Vol. 1, 1956, pp. 413-427,

Wiles, F. J. and C., J. Rabie. "Tuberculir and X-Ray Surveys in the Traunskey,"
South African Medical Journal, Vol, 29, 1955, pp. 866-868,

Dubovsky, H, 'Mass Miniature X-Ray and Tuberculin Survey ia Orange Free
State and North Cape Colony," South African Medical Journal, Vol. 29,
1955, pp. 992-997.

Tuberculosis Survey in the Somalilands (1956), Jigecia (1957), Basutoland,
Bechuanaland and Swaziland (1958), Ibadan, Nigeria (1958), Ghana (1958},
Uganda (1959), Sierra Leone (1959). Copenhagen: World Health Organization
Tuherculosis Research Office {(year of publication as indicat . above).

Wijsmuller, G. Tuberculosis Survey Reports to the Government of Netherlands,
New Guinea, Unpublished, Hollandia: 1956-1%61,

Wijsmuller, G. Naturally fcquired Tuberculin Sensitivity in New Guinea.
Thesis, Amstordam: 't Koggeschip, 1963,

Hanegraat, 1. A. C. Report to the Unjted Mations' Temporary Executive
Authority in West New Guinea Concerning Tuberculosis Survey, Japan. Unpublished.
Hollandia: 1962,
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and Europe in the ureantibiotic era (Burke et al.™ ; Cochrane et al.” ; Borgen
10

-_.7_ 13/). These

et al.™™ Refsum£’ ; Sigurdsson and Edwarda—— Comstock and Sartwell—
data point to levels of the nonspecific host susceptibility to tuberculosis which are
roughly 10 times higher in the underdeveloped areas compared with United States and
Eurppe.)

For diphtheria, indices for "equilibrium values' of the prevalence of infectives
are difficult to cbtain because they demand periodic naso-pharyngeal cultures of
populations over a long time. (Amplification: Murray"é gives prevalence fi ures for

Bantus, South Africa. GilfL— Grossman—ﬁ/. Schuman and Doull— Strebbins—- ; and

s/ Burke, M, H., H, C. Schenk, and J, A, Thrash, "Tuberculosi  Stu.dies in
Muscogee County, Georgia. II. X-Ray Findings in a Community-Wide Survey
and Tte Covealage as Determined by a Population Census,' Public Health
Reports, Vol, 64, 1949, pp. 263-290.

Cochrane, A, L., J. G, Cox, and T, F. Jarman. "Puimonary Tuberculosis in
the Rhondda Fach, An Interim Report of a Survey of a Mining Community,"
British Medical Journai, No, 8789, Vol, 2, 1232, pp. 843-857
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Borgen, L,, S. N. Meyer, and E, Refsum, '"Mass Photogluorography, Tuberculin
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Frost et 31.12/ give data for the United States which are reasonably free from pre~
vious specific vaccination, One gains the impression that the level of the non=-
specific heost susceptibility 1s roughly nine times higher in Bantus than in the
United States. This conclusion has the important proviso that the selective factors
operating in Murray's work are not known.)

For whooping cough mortality reporting seems the only practical index of mor-
bidity or infectivity. Since the reporting of whooping cough mortality i{s very in-
adequate for reglons not providing specific vaccination, a comparison between the
present prevalence in these regions and Europe or United States before the vaccination
era is impossible.

In moet viral diseases, the proportion a of infected persons that become in-
fective is one, and the average duration D of infectivity is farily constant.

1. Radiation Effects

References on radiation are given in literature surveys by W. H. Taliaferro

g&_gi.gg/and by R. D. Stoner Eg_gl,gilgg/for the U. S. Armed Forces Epidemiological
Board. For viral, rickettsial, bacterial, and protozoan infections as well as
heimiutnlc inr_gtaticas after rodlation of the host, the following phenomena
(insofar as these have been assessed from the literature) contribute to increased
host susceptibility:
a) Decreased antibody response.
b) Increased hypersensitivity to antibiotics.
c) Increased susceptibility to toxins.
d) Decreasad effactiveness of celiular defense mechanisms.
e) Decreased effectiveness and sometimes increased harm from Jaauniring

agents.

15/ Frost, W. H., et al. '"Diphtheria in Baltimore, a Comparative Study of
Morbidity, Carrier Prevalence and Antitoxic Immunity in 1921-1924 and
1933-1936," American Journal of Hygiene, Vol. 24, 1936, pp. 568-585.

20/ Taliaferro, W. M., L. ¢ Talisferro, and B, N. Jarvslow. Radistion and
Immune Mechanisms. New vork: Academic Press, 1964,

21/

£2" groner, R. D., M. W. Hess, and V. P. Bond, Radiation and Infection: An
Annotated Bibliography. Washington, . C.: Armed For.es Epidemiological
Board, Commission or. Rediation and Infection, 1465.

Stoner, R. D. Radiation and Infection: An Annotated Biblioirlghv,
Supplement I. (t'pton, N. Y.: Medical Research Center, Brookhaven National
Lahoratory, 1967,




In view nf parallel experiences where protein malnutrition, instead of
radiation, increases the host susceptibility (see appendix K-TAB), it is likely
that the five just mentioned phenomena operate synergistically. Also, when
there is multiple infection (which, in the case of coumensals, is the rule rather
than the exception), the various organisms are likely to act synergistically to
increase the host susceptibility even nore.

2. Nutritional Status

According to Scrimshavw, Taylor and Gordon's surveygl/ of 378 articles and
books on the subject "intecraction of nutrition and infection”, there seems to
be a marked association betwecin nutritional status and nonspecific host resis-
tance against bacterial disease, but little or no association in the case of
viral disease.

There is a difference 1in concept between the chronic protein malnutrition
observed in underdeveloped countries and the acute caloric malnutrition observed
during periods of war. 1In the former case in which the caloric intake is usually
more adequate than the protein intake, there is a clear association between
susceptibility to infectious disease and atrophy of host cells participating In
the defense mechanisms. In the latter case in which there is acute starvation,
the host tissues are catabolized for energy production; this results in rapid
loss ot welght but it hardiy aitecls» the vaiance becween the various nutrients
"consumed" (which are derived in part from catabolism of the individual's own
tissues). In =ome icute cases, unless there is avitaminosis, the susceptibility
to infectlous diseases 1is significantly increased.

3. Alr Poliution

For women working in five United States cities Dohanié/found an assoclaticn
between the {ncidence of respiratory disease (mostly common colds) lasting more
than seven days and the mean concentration of suspended particulate sulphates
in the atmosphere.

It is puessible that the data of McCarroil, et gl.iz&ig/ are relevant {n
this respect. Thesr showed for a genersl population a temporal correlation
between concentration of suspended particulate sulphates in the atmosphere and

various symptome of upper respiratory infection.

tlects

¢ & 5. Esuticnal and Gewetic I
These factors prohably affect the host resistance however, because of the

lim{ted vbluectives of thiam paper, they are assumed to be fortuitously randomized.
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Appendix K

Statistical Homogeneity Un Disease and
Community Factors Affecting Model Parameters

Both Disecase and Community exert a statistical effect
on the contavt r2'e as well as on the host susceptibility
(the "Infective Ratio™). In the Discvaze and Chranie Condi-
tions Submodel it is assuacd that these twe effects act
iadependentiy. This appendix discusses tae available
evidence pertaining to tais assumption,




Appendix K

Pertinence and Validity of the Assumption of Statistical
Homogeneity In Both Community and Disease Effects
On Each of thce M. 'l Parameters

I. INTRODUCTION

If community aud disease effects on the model parameters were statistically
homogeneous, this homogeneity would permit prediction of unknown values in a matrix
of parameter values estimated from the literature.

Any assu.pticn made for the purpose of prediction and explanation should be
compatible with current conceptual knowledge in the field of microbiology and realistic
in terms of observed biological and behavioral phenomena. Two assumptions considered
in this section are: (1) The contact rate is the product of an organism factor, a
host factor, and the residual "clean contact rate”. (2) The nonspecific susceptibili-

ity is the product of an organism factor and a host factor.

IT. DEFINITIONS

Any assumpticn made fur the purpose of preciction and explanation should be com-
patible with current concept.al xnowiedge in the fieid of microbiolegy and reaiistic
in teras of obaerved biological uii behavioral phenomena. Two assumpticns considered
in this section are: (1) The contect vate is the product of an organiem factor, a
host factor, and the residuas “clean contact rate”. (2) The nonspecific suscepiidii-
ity is the product of an organisn factor and e host factor.

8. Definitions

In statistical ianguage, the f{rst aseumptic . means no interaction betveen the
effectsa of any two of the feactors --sunidity, tesperalure Jhange, and o1 wline--on 2he
contact rate; the second asssusption means no interaction betwean the effecte of
organien and host on the nonspecific host susceptidiiity. In the sbsence of such
{nteraction, the probabili{ty of the intersection of events under considersticn is
the product of the probabiiities cf the composing events.

The ioglcal procedure is am foilows: first, abstract the current micrudiolciices
conceptes reievant to the orzaniss and hoat {aciors in each of the two assudptions;
next, confront the two assumptions with the microbiologlcal concepts; and tinally,

confront the two assusplions with pertineant vbaervazions.




PATHOGENIC PROPERTIES OF BACTERIA

Table K-l

Properties of Bacterias

Pathogenic Bacteria

Mechanism

1.0 Surfgce Components
i.18/Nontoxic, antigenic

surface components
inhibit phagoeytosis;
antibodies sre protec-
tive

1.2£/Nontox1c, antigenic
surface components ine
hibit phagocytosis;
antibodies to thesec com-
ponents are nct protec-
tive

1.33/Nontex1c, nonantigenic Group A snd C Streptococcus

surface components inhib-
it phagocytoeis

/

1.65 Toxic, antigenic sur-

Pneumoccus

Hemophilus influenzae
Klebsiella pneumoniae
Group A Streptococcus
Pasteurells peetis

Bacillus anthracis

Staphylococcus

Graw-negative bacteria

face components (O-antigens)

may irhibit phagocytosis

2.0 Extracellular Products
2.18/Exotoxic proteins
account for the princi-
pal pethogenic properties

2.22jExtrlc011ular products
are not the priacipal
pathogenic properties
but mey contribute

/

3.02 Somatic Endotoxine

6.02,Preforence for a Certain
Site of the Hoat May De-
termine the Degree of
Infectivity of an Organisw

Corynebacterium
diphtheriae

Staphylococcus
Proteus

Possibly Klebsiella

pneumoniae and Neisseria

meningitides

Capsulsr polysaccharides.
Capsular polyssccharidss.
Capsular polysaccharides.
M proteins.

Capsular antigen.

Antibodiss are not pro-
toctive,

Hyaluronic acid capsules.
Secrerion of coagulase
causes host fibrin to be
deposited on the surface
cf the organism.

The toxic pyrogenic por-
tion of the endotoxin is
not antigenic but pyro-
genic and potentiates
epinephzrin action; the
nontoxic polysaccharide
portion neutralizes the
opsonic effect of anti-0-
antibody.

Exotoxin.

Leukocidin,
Produces alkaline conditioms.

Organiems in the respiratory

tract ara more sasily
disseminated

= e e e o
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Tsble K-1 (Continued)

Properties of Bacteria Pathogenic Bacteria Mechanisa
o
5.0~ Abilicy to Survive Outside Resist drynesa, light,
and unfavorabis
temperature,

&/ Maclecd, C. M. '"Pathogenic Properties of Bacteria and Defense Mechanisms
of the Host,' Bacterial and Mycotic Infections of Man, 3rd editionm,
(ed. R. J. Dubos). London: Pitman, 1958, pp. 84-113.

b/ Rlair, J. E. "The Staphylococci," Bacterial and Mycotic Infections of Man,
3rd edition, (ed. R. J. Duboe). London: Pitman, 1958, p.315.

c/

These mechanisms may play a role in Klebsiella pneumoniae infection.




Table K-11
! . MECHANISMS OF HOST DEFENSE

Host Susceptibility Defense Mechanism

1.0 Entrgnce Conditions
1.1%Mucus secretion and congequent -
formation of & mucus blanket
are or may be propelled by
cilisry movement

I.ZE/A viscous mucus may contain Mucus interferes with ciliary movement
inflammatory exudate
1.3£/Intact epithelium may be dia- Viral infection affects aerial dis-
turbed by & concomitant virus semination and susceptibility to
infection or noxious gas bacterial colonization
1.6=/Cilia of the epithelial cells -
vperate in the respiratory
tract
b/
1.5 The host cells produce lysozym ---
2.0 Inflgmnatory Reaction
2.1%/Fibrin deposit and physiological -
fibrinolysis
2.22/Lactic acid concentration -
2.3R/Phagocycosil potential Agranulocytosis interfeces with
phagocycosie
2.AE/Local tissue tempersture cnw
Z.SE/Serum concentration of -—--
properdin
3.02/C1earance by the Reticulc-Endothelial -
System
b/
4.0~ Specific Immunity by Antibody and -e-
Complement Action
5.02/Hyperaenaitivity Koch's phenomenon
6.0£/Exit Conditione Cough and sneeze reflex
a/  Bang, F. B. 'Mucociliary Function as Protective Mechanism in Upper
Respiratory Tract,'" Bacteriological Reviews, Vol. 25, 1961, pp. 228-2136.
b/ Macleod, C. M. "Pathogenic Properties of Bacteria and Defense Mechanisms
of the Host," Bacterial and Mycotic Infections of Man, 3rd edition, (ed.
R. J. Dubos). London: Pitman, 1958, pp. 84-113,
o/

- Fichenwald, H. F., 0. Kotsevalov, and L, A. Fasso, "Some Effects of Viral
Infection on Aerial Dissemination of Staphylococci and on Susceptibility
to Bacterial Colenization,” Bacteriological Reviews, Vol. 25, 1961,

pp. 274-281,
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Table K-III

BIOLOGICAL MECHANISMS CONCEIVABLY DZTERMINING Tiii CONTACT RATE,
THE SUSCEPTIBILITY OF THE POTENTIAL HOST, AND THE CASE-FATALITY RATI

Description of the Assumption™ Biological Mechanism®

/ Reference to Description of the

. e
- DAL - ‘ i

: The probability that a susceptible (f) The "clean contact rate" comprises host behavionhl
- person becomes infected during a

certain time perind with a given
prevalance of infectives:

Pr(A%|B%) = £ . g

dznes

and enviromnmental factors< .

o S o oot AT

1 (gl)Ability of the organism to survive outside of
the host (table K-I: 5.0).

The probability that an infection

will lead to the loss of suscepti~- 1.1, 1.2, 1.3, 1.4).
bility in the new host:

Pr(B*|A%) = g, . h

(gz)Thc quality of the infecting organisms (table K-1

2 (h,)Sclected host [factors that allow for establish-
ment and growth of the orgsnism (table K-IT: 1.1,
1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5).

The probability that an infected
person will become infective him- 1.1, 1.2, 1.3, L.4, 4.0).

self (the propensity of & colonized

individual to become an infective): (h,)Selected factors in a new host that allow for

Pr(C*|B*) = 8y ¢ h

(33)The quality of the infecting organisms (table K-1:

-

establishment, growth, and expuleion of the

3 organisms {table K-II: 2,1, 2.2, 2.3, 2.4, 2.5,
3.0, 4.0, 6.0).4

The probability chat an infective (g“)The quality of the infecting organisms (table K-I:
person will still be infective one 1.1, 1.2, 1.3, 1.4, 2.1, 2.2).

time unit later; the number of

peraoms aping ducing infectivisy  (WSelesied bore factoms chat sliow for continuing
can be neglected: p ) )

Pr(D¥|C*) = g, . b

2.2, 2.3, 2.4, 2.5, 3.0, 4.0, 6.0)&

4

For further reference to the symbols f, 8;» ete., see section V, C.
Hoet behavior includes crowding, coughine and sneezing habits, gregariousness, etc.

Envirommental factors include change of temperature, relative humidity indoors, air
pollution, etc.

Point 4.0 is of minor importance.
Points 2.0, 2.1, 2.2, 2.3, 2.4 and 2.5 are of minor importance.




Table K-I1I {(Continued)

BIOLOGICAL MECHANISMS CONCEIVABLY DETERMINING THE CONTACT RATE,
THE SUSCEPTIBILITY OF THE POTENTIAL HOST, AND THE CASE-FATALITY RATIO

Reference to Description of the

Description of the Assumption Biological Mechanism
The probability that an infective (35)The quality of the Infecting organisms pre-
person will die from the diseasef: cipitating the host's death (table K-I: 1.1,
1.2, 1.3, 1.4, 2.1, 2.2, 3,0).
*
Pr(E |C*) - 85 * hS (hs)Selected host factors precipitating death
{table K-II: 2.1, 2.2, 2.3, 2.4, 2.5, 3,0,
4.0, 5.0).
£/

Event (E*) is the death of an infective person due to the infection.

K-7




Before proceeding, however, a notation for the relevant events must be developed.
In the process of an infective person infecting susceptibles whereby one or more
becoms infective, five possible events can be listed as follows:

D*' An infective person is the old host,

A* A susceptible who bevomes infected is a new host.

B* The new host loses specific susceptibility.

C*  The new host becomes infective.

D* The infectivity of the new infective host does not cease within one time

unit.

The model parameters can be related to these events as follows:

p = Pr(B*ax | D*x') aD = Pr(D*C* | B¥) (K~1)
where "Pr(¥Y|Z)" is the probability of the intersection of events X and Y, given
event Z. Event A* cannot be cbserved; event B* can be observed cnly by skin tests
or serological tests; and events D*', C* and D* are potentially observable by some
convenient index, like a reliable case history (wl.ich, however, needs validation by

biological methods).
III. LOGICAL PROCEDURE

A.  Abstract of Current Micrcbiological Concepts

Table K~I summarizes most of the pathogenic properties of bacteria relevant
to organism and host factors in the two assumptions, and Table K-I1 summarizes
mo3at of the relevant mechanisms of host defense. The examples of pathogenic
bacteria, added for clarity to Tabie K-I, are not limited to the diseases dis-
cussed in this paper.

Table K-I1 lists specific events in the probability chain that affect the
contact rate and the nonspecific host susceptibility anc, at the same time,
refer to biciogical [henomens.

B. Confrortation of tne Two Assumptions with Microbiological Concepts

The two assumptions can be expressed in microbiclogical terms as follows.
The "battle" hetween host and organism during an infection is represented in
five "epochs" given as subscripts 1-3 in Table K-11I. In addition, let .ach epoch
cf the battle be divided into a large number of very short consecutive stages,
0, 1, 2, 3, ... t ... z, which are added as subscripts to the capital letters

below.

K-#




Let event A; (taple K-II!) be conditionally determined by the previous event

A* \ { r é
-1 and by the mutually independent events Gl,z-l and r,.y 8° that

\ / .
ry k| AR - * i A* K-2
h (Az k A2—1) Pr (Gl,z-l l Az-l) pr (Fz-l I A- 1) ’ (k-2

1)

Also let

. | -3
r( | ax_ 2) Pr (Gl,z—2 ; A:_z) Pr (Fz_z | A:_z), etc. (K-3)

Thus, a sequance of events can be written in reversed order of nccurrerce as

follows
Ak AR A% A% AR A%
2! -1t Tz-2' U7 Tttt 71 B

According to an elementary probability rule,

* Ak AR ‘ - * POAR fan | av Y (K-¢4
Pr(A’ x| At_z) Pr(At_i | At_z) Pr (At bar At‘z} . )

Substituting equation (K-2) into (K-4),

- * L AR * Vo o
Pr (A':' ALy Ag—z) P'(‘;x,c-«z | A?—»2) P \(F:-z ! “t-z) P’(P: A AL--Z)\K"S)

In analogy to equation (K-2),
* ! AR * [ A% - . (K-8
Pr (A | as_, A% ,) = Pr (Cl,t-l Lar A'__Z) Pr (Ft_l PAr At’z} (K-6)
Substituting equation (K-b) into (K-5),

- ! d i A#
Pr (A: At QAR ) rr (cl’m_2 | A:_z) Px(Ft_z , At_z)

~ F | : | AR * ‘-
Pr ("1.:-1 L ag, ""t'-z) Prifon | AT M- ) (X-7)

- 3 i A% * .\ F 3 L AR AW
Pr (Gx,c~1 €ye-2 ¢+ M "‘z-z,l P'( -1 Te-2 ¢ AT z-z)
This argument, as given from equation {k-4) through (K-t}i, can be extended so that
" * AR * - AN L oaw o« ! A .
Pr (AHl LR Al_z) ProlAs as_ 1 oaf ) Prfas, o oarar oAt
- W LY rr {6 I A% Ae .
Pr A At»l ! A[_z Pr ri,t : A At 1 A
Pr (Ft ! A“ A: i A' ) ) (K-8)

-

Substituting equation (K-7) into K-8},

. 3
" . - 5 o i At Am *
Fr ( L AT ALL DAL 2) ?‘(‘m CLet Cre A AL )
\ o
Pr (?r Fe-r Feoz AT A A z) .
Equatfon (K~1) p = Pr (B® Aw i D®'5 can now be written as

- Py l{a; ;. el G S TN T IO 1
» \ 2,2~} cl,:-: 2,0 z-1 Tas2 o

: i A "AR A% ...t"].
(cl.ﬁ.‘_ e Ty AR AR .AD,)j

2
iK-9)
: E S S LU |
" ‘("z.a-x Bra-z 0 Mo DR B 's"’)
F

K-o
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A similar argument applies to the second part of equation (K-1) oD = Pr(D* C* B*),
The equations are applicable to the list of biological mechanisms in Table
K-III. Capital letters Gj' Hj' and F designate certain events; the small letters
gj. hj' aad f represent the probability of intersection of all events Cj' HJ
and F respectively, when the conditional probabilities of these events are
considered. Thess definitions give the biological meaning to all events discussed,
Equation (K-9) and the parallel equation for the nonspecific human resistance
can now be put into words: If, in each of the five probabilities listed in
Table K-III, there is conceptual independence between the organism factors, the
host factors, and the "clean contact rate" as they influence events, then there
{s independence among the respective probabilities of intersection of conditionally
determined events due to the host, due tc the organism and due to the "clean con-
tact rate.” Thus, in such a case, the multiplication assumptions of section A,
at the beginning of this appendix, would be consistent with current biological
kriowledge,
In this paper it does not seem feasible to g0 into detailed description
of the accumulated knowledge concerning the interaction between each two of the
factors listed in Tables K-I and K-1I. A 'rough and ready” conclusion would
be that there is considerable interaction; but, ian view of the multiplicity of
factors involved, the assumption that the various interactions will cancel
each other out does not scom f:r from reality.

c. Confrontation of the Two Assumptions with Observations

The assumption of no interaction between disease and community effects can
be tested by analysis of variance of observed data with respect to either the
contact rate or the nonspecific host resistance.

Data representing an index of the contact rate (as discussed in Chapter 3,
Section IlI, Subsection D) are given in Table K-IV, They apply to measles, whooping
cough, and diptheria in 19 large United States cities from 1901 through 1949. Since
the data are approximately homoscedastic and sormally distributed, the anaivsis of
variance is appropriate. The result {s givea in Tabie K-V. No significant
interaction could be demonstrated at the 3 percent level of significance, but
the statistical power o, th - test {s low. Since mest diptheria (nfections sccurred
at school age, and most meas.:s and whooping cough at preschool sges, there mav be
some serit in taking the data for measlex and whooping couygh only and repeatiag the

analysis (Tablek-V1). Again, no significant interactior could be demons.iated.

k.10
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Data for values of the nonspecific host susceptibility are not available.
However, it {s possible to produce a similar argument on the probability that
an infected individual will die from the disease, by using factors 8 and h5
instead of 8, and h4 (see Table K-TTI). Thus, if independence between host and
organism effects on cause-specific wortality rates can be demonstrated, such
a finding wouid support the concept of independence between these effects on
the nonspecific host susceptibility. In the selection of data the following
conaiderations should be taken Into account:

1) Curative or preventive medical treatment should not appreciably in-

fluence the disease in its incldence, duration, or fatality.
2)  The disease should be readily distinguishable from other diseases and

as a cause of death.

3) Reporting should ve compiete, or at least consistert, when different

years are compared.

4) The age groups examined in different communities should be corparable.

Pnscua}/ publisiled rates of reported mortalicy from measies, whooping
cough, diphtherla, and scarlet {ever fo:r several European countries between
1900 and 1950. These data can be subjected to a two-way analysis of variance
with replications for different year of reporting. Because the raw data are not
homoscedastic and their variances are approximately proportional to the squdre of
their means, the data were transformed into their logarithms. The resulting "analvsis
of varjance table™ is given in lable K-VII. No significant interaction between diseuse
aund country effects could be demonstrated ut the 5 percent level of significance.

These tests should be repeated under Jdifferent conditions. If they invariably
would result in "no sipniffcant interuction,” then the assumption tested could
be gucepted as 2 working hypothesis:  This woriidng hvpothesis ix as follows. The
observatijons are consastent with no interaction between the effects of the combined
sreanism tacters on the ane hand acd the combination of host factors, "clean contact
tate’, and--in the case of mertality rates--factlitics for prevention, cure, and

reporting on the other hand.

- Pascun, TFuelution of Moroality fn Farope Muring the Twentieth enturs

World Heaith crganization Fpidemiological and Vital Statistivs Report,
Volo o, 1981, pp. s-1037




Table k-

v

CURVE CROSSINGS PER 25 YEARéyIEETUEEN LINE OF ANNUALLY
REPORTED MORTALITY RATES AND 1TS NON-LINEAR REGRESSION LINE

Four Infectious Diseases in 19 Large U. 5.

Citles

for the pericds 1901-1925 ard 1925-19592/

Observations cof Infectious Respiratory Diseases

Cities Tuberculosis Measles !Hhooping Cough Diptheria
pertzd pe;?id 1904-25 1925-49 11901-2% 192549 [1601-2> 192%-49
Baltimore, Md. 2.3 2.3 15 12 16 i 7 9
Boston, Mass. 2.3 3.0 14 12 19 15 9 1]
Chicago, Il1. 3.0 1.3 17 21 L4 13 il 10
Cleveland, Ohio - .- 12 16 1t 15 10 8
Columbuy, Ohto .- .- il 13 19 In 7 14
indianapolis, Ind. w7 7.3 16 1% 1S 14 12 &
Ksnsas City, Mo. .- .- 14 15 1.} 13 9 8
Los Angeles, Calif. 4.7 16.0 16 1& 13 16 Lo 9
Louisville, Ky. 2.5 2.5 12 15 17 14 W0 9
Milwaukee, Wis. 4.0 9.5 10 15 17 14 L] 13
Minneapolis, Xinn, .- --- 18 135 18 11 11 15
New Orleans, La. 2.5 3.5 14 13 {4 14 11 9
New York City, N. Y. 3.7 o7 16 20 12 1l 8 io
Philadelphia, Pa. -~ --- 1 ie 15 13 3 7
Pittsburgh, Pa. - .- 18 18 13 17 o 1
Providence, R. T. 2.5 4.5 13 13 13 10 10 1A
Saint Louis, Mo. 2.5 5.0 1% i3 13 13 12 13
San Francisco, Caitf. 3 2.3 13 L2 14 i 7 10
Washington, D. C. A “.C i le il 1 10 8
Mean Values D0% &7 1. 8% 15,32 13 w2 13,38 8.95 10.¢3
"
Mean Duration e} I
Complete Cycles & 13.7 1.4 1.4 5.1
({In vears) i
'S )
- The two cobservation periads for tuberculcsie are together up £ 15 vears
L\‘I
= Source: Voors, A, W, A Madified Soper-Reed-Frost Midde! as 8 Cyuiote in
Programaing the Controel of Enfemic Kespivetory Infection,  tape!
Hill, N, C.r University of North caroline, hoctoral “tevertation,
14es,
£ 2 x 25

tsum of mean values)




Table K-V

ANALYSTS OF VARIANCE OF ANNUAL MORTALITY RATES DUL TO MEASLES, b/
WHOOF ING COUCH AND DIPHTHERIA IN 13 LARGE U. S. CITIES, 190i-1949—=

Vartance Sum of Degrees of Mean Vari{ance chitical

Due to Squares Freedom Squéeres Ratios  (a=.05
Jisease 27009 2 135.4743 28.25 3.24
city 68.5387 1¢ 5.7116 .19 2.01

Interaction DxC 179.99498 . 7.

L]

)
—
wn
ro

1.80
brror A7 0000 39 4.7949

cotal IECR NS A 77
= U. 5. Bureau of the Census: Mortali:v Stat istics. Washin,ton, D. .

©

S. Gov't Printing Office, published annually, 1¥01-19135,

Bureau of the Census: Vital Statistics of the U, S5, Washingtoen,

[N
D. C.: UL s, Gov't Printing Office, published annually, 1937-19.v,

lable K=VI

ANATYSIS OF VARIANCE OF ANNUAL MORTALITY RATVS OUE T WHOOPING

COUDH O AST DIPHUHERIA IN 1Y LARGE UL S8, JITLIES, 1901 . 13Lul Wk
Vartanoe Sumoget Deurees ot Mo an Varianwe Torttadaad
ST Squates Freedom Squares Rativs Lex )
Dlsvase S k R BRI R w.ils

-~ v v Bl * M
Poetan Dy IN( iyt N EINTIL N I RN
brror Vi o0 N [
toval Yin OnNT7 51
oS Bureau of The Gensus! Mortality Statistica washington, 2. o
C.one aan D FBrinting Otticw, publisbhed anvualis, Tuololie

LooNL Bureau 2t the Cerisus: o Vitad Statistios of the P08 Wasnington,

dLoet Uo s eev e Franting M Edoe, pabivsbeg angualic ) =Tl




Table K-VII

ANALYSIS OF VARIANCE OF AGE-SPECIFIC MORTALITY RATES DUE TO
WHOOPING COUGH, SCARLET FEVER, DIPHTHERIA AND MEASLES FOR ENGLARD AND
WALES, ITALY, NORWAY AND NETHERLANDS AS REPOSTED FOR THE
YEARS 1900, 1910, 1920, and 19308/

Variance Sum of Degrees of Mean Variance Fcritical

Due to Squares Freedom Squares Rstios (a=.05)
Disease 3.553425 k] 1.184475 13.70 2.81
Country 3.14921% 3 1.049738 12.1% 2,81
Interaction DxC 1.144137 9 0.12712¢ 1.47 2.09
Error 4.149000 48 0.0864138
Tctal 11.995775 63
a/

- Pascua, M. "Evolution of Mortality in Europe During the Twentieth Century,"

World Health Organization Epjdemiolqg}pal and Vital Statistics Report,
Vol. 4, 1951, pp. 36-137.
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Interaction Between the Effects of the Various Host
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Appendix ¥ -TAB

Interaction Between the Effects of the Variocus Host
Defense Systems on Infection Incidence in the Case of
Chronic Protein Malnutrition

Scrimshaw, et gl.,i/ reviewed th. experimental evidence for the existence of
dietary influences in the etiology of nonspecific host resistance against bacterial
digease.

In an extensive litereture survey, they found that most references are in agree-
ment concerning the existence of effects of nutrient deficiency on various aspects of
bacterizl infections and that these effects act synergistically. Dietary deficiencies
are associated with reductions in antiiody responses, phagocytic activity, nonspecific
protective substances {like lysozym), nonspecific destruction of bacterial toxins,
and with alterations in intestinal flora, tissue integrity, and endocrine balance of
the host.

Scrimshaw, et al., concluded from such experimental data that host resistance
against bacterial infection depends on at least four actieons by nutritional deficien-
cies which are mutually interacting in a synergistic manner. These actions are:

(1) facilitating initial invasion of the host by the infectious agent; (2) affecting
the agent after it is established in the host tissues; (3) favoring secondary infec-
tion; and (4) retarding convalescence after infection. Many of the better controiled
experiments concentrate on only one of these actions or cn part of one. Thus,
negative findings in such experiments do not necessarily exclude the influence of

malnutrition on the resulting comprehensive state of health.

1/ Scrimshaw, N. S., C. E. Taylor, and J. E. Gordon. "Interactions of Nutrition
and Infection,”" American Journal of Medical Sciences. Vol. 237, 1959, pp. 367-403.
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Appendix L

The Effect of Quarantine

This appendix explores the problem of quarantine.
That is, if the probability of epidemiological contact
between any postattack community member and an outside
person is diminished but non-zero, wt.at are the conse-
quences ir terms of epidemic risk?




Appendix L

The Effect of Quarantine

I, DERIVATION OF THE ANALOGUE OF THE SOPER-REED-FROST
MODEL FOR UNEQUAL CONTACT RATES

The contact rate of a person is the number of contacts per time unit; as such,
the rate is a unique personal time series, comparable to pulse rate or respiration
rate. However, unlike a pulse or respiration rate, each contact involves two persons
and can be classified as either a within-household or a between-household contact
rate. Thus, each person in a community has two attributes: the within-household
contact rate and the between-household contact rate; the sum of the two rates is the
contact rate,

The influence on the model's predictions exerted by the existence of two cate-
gories of contacts (within- and between-household) will be investigated by means of
an example.

Let the contact rate ) be 5 per time unit and let the rate be equal for every
person of the community. Consider a community of 1000 inhabitants (N = 1000), being
divided into 100 households, each of 10 members (n = 10). Further, let there be 10
infectives in the community so that the community prevalence of infectives i = 0.010.
The question is: How is the community's crude attack rate A affected by a change in
reiation between the numbers of within- and between-household contacts?

To answer this question, let A' be the within-household contact rate and A"
the between-household contact rate, so that A = A" + A" . If there is one infective
in the household, let p' be the probability that a susceptible becomes infectcd from
within his household within the time unit, and p' the probability that a susceptible
becomes infected from outside of the household within the time unit. Likewise, to
include the probability of no contact, let q' =1 - p' and q" =1 - p".

According to Abbeyl/,

A= sl - (@) ety (L-1)

Apply equation (3-2), chapter I1I, to one of the algebraic definitions of e, the

base ot the natural logarithm:

1 Abbey, H. "An Examination of the Reed-Frost Theory of Epidemics,'" Human

Biology, Vol. 24, 1952, pp. 201-233,

1.-2




This equaticn is valid as long as either the community size N is large enough, or
p is swall encugh (p is the probability of at least one contact between any two
community members per unit of time; see Appendix A). The latter condition is suf-
ficient eccording to s wathematical property of e. Hence, within a household of

8ize n, ae long ae p is small:

e - (g™t (L-2)

where it is stipulated that the proband or index person is included in the household.

To express A in terms of S under various assumptions concerning the proportion
of cuntacts that occurs within the household, suppose that all of the 5 contacts per
unit of time sara within the household and that all households are completely isolated.
According to equation (L-2)

- ' - -
o - (qH" 1 ;e . (q')9 ; q' = 0.5738 .

-3\ -1 -0 999
e M. (@ e = (q@") ; q" = 1.000 .

According to the binomial distribution of infectives among households, there
will be 90 houoeholds without infectives, 9 households with one infective, and one

with two infectives. Thue, in this case, equation (L-1) becomes

0 10 .
829,90 11 - (@2% %+ w09 (1 - @)
+ 0.00 (1- (q")3(qm®) . (L-3)
By substituting numbers for symbols and completing the computation,

A
3 = 0,048 .

The calculations are repeated for the assumption that more of the contacts take place

between households. The results are as follows:

Distribution of Contacts Value for %
Within Between

Householde Households

A w0 A" a5 0.048

A =1 y UIA 0.050

A' a2 A" =3 0.050

A' a3 A" - 2 0. 049

A =4 A" e 0.048

A' = 5 A" - 0 0.045




Similar calculations were made for (i) = 0.100 and (i) = 0.001; the results are
given in & nomogram (Fig. L-1). It can be concluded that, under the given circum-
stances--which are fairly representative for most infectious diseases in actual
commnities--8 change in the relationship between rates of within-household and
between-household contacts has little influence on the rate at which susceptibles
became infected.

1I.  DERIVATION OF THE ANALOGUE OF THE SOPER-REED-FROST MODEL FOR
DEPARTURE FROM THE ASSUMPTION OF ISOLATION OF THE COMMUNITY

An {solated comsunity within a country is much like an isolated household with-
in a community (the latter case was examined in the example in Section I of this
sppendix). In other words, the vate at which susceptibles become infected is rather
insensitive to changes in the relationship between rates of within-household and
between-household contacts. The same can be applied to communities of size n with-

in a country of size N. Hence, as long as the values for the parameters )\ and oD

i
ab
nodel) is insensitive to departure from the assumption of segregation. In such cases,

do not differ uch between communities, the prediction of (by the Soper-~-Reed-Frost

the generalized version of equation (L-3) is applicable.

III. QUARANTINE AFTER NUCLEAR ATTACK

As long as the sheltered community 1s free from a certain pathogenic organism,
the incidence of infectives is near zero of course. As soon as, in case of a
less-than~perfect quarantine, such s pathogenic organism would get established, the
above developed model shows that an incidence equal to the outside incidence could
be expected., However, if the outside population were not exposed to radiation
and only the sheltered population were, the incidence in the latter population would
exceed that of the outside population dus to increased susceptibility,
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Composition of the

Appendix M

Medical Treatment Packages

This appendix
Treatment Packages
Immediate Effects

contains components of
used as inputs in the
Submode 1.
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Table M-II

EXPENDABLE ITEMS IN MEDICAI, TREATMENT PACKAGE
(Each Item is Replaceable by Available Substitutes)

Item Composition of a Treatment Package Unit
No. Unit Nomenclature Size Number
1 Oxytetracycline, (film-coated tablets} 250 Mgm. 14
Combined Item A
Tetracycline Hydrochioride Powder 100 Mgm. 1
Sterile Water (Ampules) 5 M1, 5
3 Dressings, Gauze, Assortment 1 2
Pad 1yd.) 12
Pad 1 yd.2 6
Compress 1 yd.2 1
Compress 1 yd. 1
Roll Bandage 4" x 10 yds. 1
Roll Bandage 8" x 5 yds. 1
4 Dextrcse, Saline 52 Liter 1
5 Elastic Bandage, Roll 3" x 25 yds. 1
*
6 Adhesive Tape, Roll 12" x 10 yds. 1
7 Catheters, Foley
#20 - 1
#24 -— 1
#16 _— 1
8 Hypodermic Needle Assortment
25 gauge 1" 10
20 gauge 1-1/2 5
18 gauge 2" 5
15 gauge 2" 2
9 Scalpel Blade #20 1
10 Sodium Phenobarbital, Parenteral
(Ampules) 130 Mgm. 8
11 Dextrose Water 5% Liter
12 Sodium Pentobarbital, Parenteral
(Bottles) 100 Mgm. 5
13 Oral Electrolyte Solution (Packet) 4,5 Grams 7 x 130 = 2 1bs

*Each roll cut in following widths:

M-6

in shelter kit

4 x1/2"; 3 x1"; 2x 2"; 1 x 3"




14

15

16
17
18
19

20
21
22

24
25
26

Table M 11 {Continued)

Combined Item B
Dressings, Gauze, Assortment II
Pad
Pad
Compress
Roll Bandage
Roll Bandage
Syringes (Glass)
Blood Collecting Tube (Suction)
Polyethylene Tubing
Size 20
Size 18
Size 15

Procain Hydrochloride 1% (Ampule)

Combined Item C
Tracheotomy Tube, Silver Flated
Size 5
Size 6
Size 7
Oral Airways

Tetanus Toxoid Alum Precipitated
Arm Slings
Dextran 67

Dressing, Gauze, Assortment III
Pad
Pad
Compress
Compress
Roll Bandage
Rell Bandage

Gantrisin Tablets (Tablets)
Sodium Hydrochloride Solution

Combired Tter L
Crutches, Wooden
Padded Wooien Splints

Demerol Tablets-~Mepiridine
Hydrochloride (narcotic)

Liquid Soap (Plastic Bottles)
Morphine Sulfate (Tabletsj

Corbined Item E

Dextran 6%

Rubber Drains

Catheters, French (Metal)
16 Fr.
24 Fr,

Litmus Paper

1/6 Molar Lactate Solutien

Potassium Chloride (Vials)

M-7

4" x A"

4" x 4"

8" x 10"

22" x 18"
X

.[."

6 x 5 yds.
2 M1.

(‘"

10"
18"
36"

4"
8"
22"
22"
(‘"
6" x 5 yds.

500 Mgm.

L

5 oz.

Pair

3' x 3" x 1/4"

100 Mgm.
5 oz.
16 Mgm.

Liter
1/2"

10 yds.

10 yds.

100
100
100
100

[N S NS I -

1/10
1/10
1/10
1/5

1/10

100

B —

[3%]

~

RO s =




Table M~II (Coatinued)

P T e

27 Combined item F
Syringes, (Glass)
Each 5 M1. 1
Each 20 M1, 1
Contrast Solution for Cystograms
Ampules 30 Ml. 1
28 Combined Item G
. Serum Albumin 59 Grams 1
- Blood Collection and Dispensing
Set* 450 M1. 1

29 Combined Item H
Endotracheal Tubes

34 Fr. -— 1/10
36 Fr. — 1/10
40 Fr. —-— 1
30 Combined Item I
Sheet Wadding, Roll 5" 1
Padded Wood Splints (Sheets) 2" x 15" 18
31 Aspirin (Tablets) 500 Mgm. 12
32 Combined Item J
Thomas Splints
Full Ring -— 1/2
Half Ring -— 1/2
Elastic Bandage, Roll 6" x 25 yds. 3
Plaster Splints (Sheets) 5' x 30" 24
Cotton Wadding, Roll s" 3
Padded Wood Splints (Board) 6' x 4" x 1/2" 2
33 Combined Item K
Lidocaine Hydrochloride Injection
1% (Ampules) 5 M1. 25
Tetanus Antitoxin (Vials) 20,000 Units 1/4
Epinephrine (Ampules) 1 Ml. 1/10
Diphenhydramine Hydrochloride
(Capsules) 25 Mgm. 1
34 Combined Item L
Dressings, Gauze, Assortment IV
Roll Bandage 4" x 10 yds. 12
Pad (8 Ply) 4" x 4" 12
Caffein Sodium Benzoate Injection
(Ampules) 5 Ml. 1
Dilantin (Capsules) 100 Mgm. 10
Disposable Razor Blades -—— 1
35 Metal Hand and Finger Splint
(Aluminum and Foam Rubber) _— 1
36 Chlorpromazine, (Tablets) 25 Mgm. 400

* Includes Anticoagulant




o —————my
- i ” il .

Table M-1I (Continued)

37 Combined Item M
Procaine 1% Ointment (Tubes) 5 Grams 1
Lidocaine Ophthalmic Ointment 5%
(Tubes) 2 oz, 1
Tetracycline Ophkthalmic Ointment
(Tubes) 2 oz. 1
Eye Patches —— 5
Cotton Applicator - 1

Source: Model 62 Civil Defense Emergency Hospital, Component Listing and
Storage Data (Washington, D. C.: Public Health Service, 1964),
Pagsive, and Therapeutic Guide for the Civil Defense Emergency
Hospital Pharmaceuticals (Washington, D. C.: Public Health Service,
1964).
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