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HEALTH ADMINISTRATORS agree that
health program planning should be based on
sound evaluation data which reveal the level or
amount of success in achieving predetermined
objectives (1). Furthermore, these objectives
must be specified, measurable end results, not just
a listing of activities to be performed.
With increased consumer participation in health

programs and continuous demand for scarce dol-
lars, fiscal accountability and responsibility are es-
sential. This responsibility can be met by a pro-
gram based on a system of measurable objectives,
evaluation, and modification. However, evaluation
depends on the stage of fundamental knowledge.
For example, when tuberculosis was believed to
be of genetic origin and influenced by climate, a
control program would have been evaluated on
the basis of counseling persons with a family his-
tory of tuberculosis against intermarriage and on
the migration of infected persons to a more favor-
able climate.

Several stages of knowledge have influenced the
usefulness of the evaluation process for tubercu-
losis control prorams-the discovery of the tu-
bercle bacillus and the advent of specific chemo-
therapy are the most dramatic.

The Tuberculosis Branch of the Center for Dis-
ease Control has routinely included evaluation as
an essential part of an effective tuberculosis con-
trol program. For many years the traditional mor-
bidity and mortality reports were considered suffi-
cient. After the Surgeon General's Task Force Re-
port in 1963, improvement of outpatient services
was em'phasized, and objectives were written in
terms of performance standards for certain activi-
ties known to be effective in tuberculosis control,
for example, providing drugs and regular medical
evaluation for patients with diagnosed tubercu-
losis. Evaluation was accomplished by periodic
analysis of information from tuberculosis case reg-
isters.

Reports on the disposition of persons with sus-
pected tuberculosis and on the examination of
contacts of persons with newly diagnosed active
disease were also measures of performance in
these productive casefinding programs. These re-
ports also identified the number of persons eligible
for preventive treatment and were an indication of
the performance level achieved in placing patients
on preventive therapy.

Through these performance standards, contin-
ual improvement in the delivery of outpatient
services has been observed (2). However, a need
was recognized for a more specific way to measure
progress against the disease.
As new tools of assessment were developed,

three steps in the evaluation process were identi-
fied: first, to state measurable objectives in terms
of maintaining or improving health; second, to
measure the degree of accomplishment of these
objectives; and last, to translate this information
into modifications of program activities when nec-
essary to accomplish these objectives (3).
The American Thoracic Society Committee on

Quality Care for Tuberculosis has prepared a
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statement of the "Standards for Tuberculosis
Treatment in the 1970's," which includes specific
objectives or goals for this decade and recom-
mends services that should be provided to tuber-
culosis patients and their families. These recom-
mendations and short-range objectives are based
on the following overall objectives of tuberculosis
control:

1. Infectious persons (able to infect others with
tubercle bacilli) must become noninfectious.

2. Noninfectious persons (who are infected
with tubercle bacilli) must remain noninfectious.

3. Persons not infected (with tubercle bacilli)
must remain noninfected.

These objectives are essential to reach the ulti-
mate goal of tuberculosis programs-to eliminate
tuberculosis as a cause of human suffering.

Indices of Progress
To measure progress against tuberculosis, the

following three indices were developed by an ad
hoc advisory committee and the staff of the Tu-
berculosis Branch, Center for Disease Control:
index 1, bacteriological conversion of sputum;
index 2, continuity of drug therapy; and index 3,
completion of preventive therapy.

Index 1. Bacteriological conversion of sputum
is used to measure whether infectious persons are
still infectious. This index is based on results of
clinical trials which have shown that with effective
drug regimens at least 75 percent of sputum-posi-
tive persons will convert to sputum-negative
within 3 months and 95 percent will convert by
the end of 6 months (4,5).

Index 1 is used to measure objective 1-infec-
tious persons must become noninfectious-by an-
swering the question: "Of the patients with posi-
tive sputum, how many converted to negative
within 3 and 6 months?"

Index 2. Continuity of drug therapy indirectly
measures objective 2-noninfectious persons must
remain noninfectious. This index is based on re-
search findings that at least 95 percent of patients
with newly developed active disease will become
noninfectious, recover, and remain well if they
complete an effective drug regimen (6).
To insure that patients remain noninfectious, it

is essential to know if they continue chemotherapy
for the prescribed time. Concurrent evaluation of
the effectiveness of the program therefore requires
an answer to the following question at the end of
a 12-month period, as well as when therapy has

been completed: "How many patients whose spu-
tum has converted to negative have continued to
take their drugs?"
The usefulness of these indices is illustrated by

some of the data reported to the Tuberculosis
Branch. The following table shows the results ob-
tained in a program (area W) with good perform-
ance, according to the traditional reports of bac-
teriological examination, medical evaluation or
chest X-ray, and a current prescription for chem-
otherapeutic drugs during the past 6 months for
all ambulatory patients with active disease.

Percent of patients receiving-
Bacteriological Medical evaluation Current

Area W examination or X-ray drugs
Register reports:
June 1970 ..... 100
December 1970 . 100
June 1971 ...... 92

97
85
100

97
85
100

However, for the same area W program, the
indices of conversion of sputum and of continuity
of therapy suggest that either the drugs are not
effective or that not all the patients are taking the
drugs. Only 47 percent of the patients had conver-
sion of sputum within 3 months, 84 percent
within 6 months, and only 64 percent were still
taking drugs at the end of the first year.
The conversion of sputum index is an early

indication that patients are receiving effective
treatment, becoming noninfectious, and recover-
ing. The index of continuity of therapy indicates
the percentage of patients who can be expected to
remain well and noninfectious, and it also suggests
where program changes are needed. An index' of
completion of therapy gives a final assurance that
those patients can be expected to remain well.
This index separates patients into two groups-
those who can be discharged from followup when
there is reasonable assurance that they have satis-
factorily completed an effective course of therapy
and those with inadequate treatment who require
the highest priority for followup because they are
at high risk of reactivating their disease.
The following table for area P illustrates good

performance on program reports and fairly good
performance in continuity of therapy, but the con-
version of sputum index suggests ineffective ther-
apy; either inadequate drugs are being prescribed
or the drugs are not being taken. This comparison
also illustrates the need to be sure that the index
of continuity of therapy reflects that drugs are
actually being taken.
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Area P Percent of patients
Register reports:

Bacteriological examination ...... 79
Medical evaluation or X-ray ...... 94
Current drugs .......... ........ 94

Continuity of therapy, 12 months 84
Conversion of sputum:

3 months ...................... 44
6 months ...................... 70
The register reports for area H, that follow,

indicate that for the last five reporting periods the
percentage of patients with active disease who
were at home and receiving therapy was within
the standards set and, in fact, remained approxi-
mately 13 percent higher than the national aver-
age during those periods.
Area H Percent of patients
Register reports, current drugs:
June 1969 ..................... 89
December 1969 ........ ........ 88
June 1970 ..................... 87
December 1970 ........ ........ 94
June 1971 ..................... 93

Conversion of sputum:
3 months ...................... 72
6 months ...................... 100

Continuity of therapy:
12 months ..................... 71
24 months ..................... 4
This area H program has good performance

according to the register reports. In this area also,
the index of conversion of sputum verifies the
impression that patients with active disease are
being actively treated, since all sputum-positive
patients converted to negative within 6 months.
Apparently all of these patients were either non-
infectious or became noninfectious.

However, the index of continuity of therapy
gives the first indication of a problem in area H.
Only 71 percent of the patients placed on drugs
continued to take their drugs through the first 12
months. They started off well, as indicated by the
data for conversion of sputum, but somehow fol-
lowthrough or recordkeeping was inadequate. Al-
though the index does not show the reason, it does
raise a question which should alert the program
administrator toward a search for the cause.

Further examination reveals that after 2 years
only 4 percent of the patients in area H completed
therapy. However, 30 percent of the patients were
still on drugs, 30 percent had actually discontin-
ued their treatment, and the remainder had died,
moved, or were lost to followup.

This review reveals that area H is accomplish-
ing the first objective-for infectious persons to
become noninfectious. There is little indication,
however, that the second objective is being ac-
complished-that noninfectious persons will re-
main noninfectious. If these patients reactivate,

they will undoubtedly infect others; thus the third
objective, to keep the noninfected from becoming
infected, also is not being accomplished.
The same procedure for evaluation can be used

with other persons known to be infected who have
never been treated with antituberculosis drugs.
Experience has shown that by the time they have
been found with sputum-positive active disease,
they will have infected others. Most of these per-
sons can be kept noninfectious if they take isoni-
azid as preventive therapy for 1 year.

Index 3. Completion of preventive therapy is
another indirect measure of objective 2-non-
infectious persons must remain noninfectious.
This is based on the knowledge that preventive
treatment can reduce the probability of disease up
to 90 percent (7). Indices for continuity of
therapy and completion of preventive therapy
can be assumed to measure patients' health status
if there are specific followup procedures to deter-
mine that patients are taking their medications.
To evaluate the effectiveness of the preventive

treatment program, the following questions are
asked: "How many persons are started on preven-
tive isoniazid?" And, "Of these, how many have
completed the recommended course of preventive
treatment?"
The amount of success in accomplishing the

first two objectives will be reflected in accomplish-
ment of the third objective-for noninfected per-
sons to remain noninfected (8). It would not be
practical to measure achievement of this objective
directly in most situations, since such evaluation
would require tuberculin testing of literally thou-
sands of people to identify the few reactors among
them.

Data from another local control program illus-
trate the use of this third index. This program, in
area S, has excellent performance according to
register reports; consistently more than 95 percent
of the patients with active tuberculosis are on cur-
rent drug therapy, as follows;
Area S Percent of patients
Register reports, current drugs:
June 1970 ............... ...... 97
December 1970 ......... ....... 96
June 1971 ....... ............... 97

Conversion of sputum:
3 months ................. ..... 54
6 months ...................... 97

Continuity of therapy:
12 months ............... ...... 98
Area S also has excellent performance in pro-

viding continuity of care, as illustrated by the in-
dices of conversion of sputum and continuity of
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drug therapy. This program seems to be accom-
plishing the first two objectives (even though not
enough time has elapsed to measure completion of
therapy) and accomplishment of the third objec-
tive can be expected. In addition, annual case
reports from this community have shown a de-
creasing trend, although the tuberculosis problem
continues to be large.
A defect in the area S program is revealed,

however, by the third new measure, as shown in
the following table. Only 62 percent of the pa-
tients have completed preventive therapy. When
this group is broken down into various risk
groups, good performance is seen in two high-risk
categories-91 percent for recent converters and
88 percent for patients with inactive tuberculosis.
But, only 41 percent of the contacts of patients
with active disease have completed preventive
treatment.
Area S Initial Completed therapy

number Number Percent
Total patients ...... 653 405 62

Contacts .............. 359 146 41
Converters . 221 200 91
Patients with inactive disease 60 53 88
Other reactors ........ 13 6 46

Examination of other reports from area S re-
vealed that only 50 percent of the household con-
tacts were placed on preventive therapy. House-
hold contacts should receive top priority because
they are at high risk of being the future new
patients. The health department in area S has
demonstrated good followup performance for pa-
tients with active tuberculosis and for some per-
sons receiving preventive treatment; therefore,
with some changes in activities, the staff should be
able to do well with this high-priority service,
thereby rapidly reducing the number of cases of
newly developed active disease and accomplishing
the three objectives.
Program Effectiveness
For the first time in tuberculosis control, pro-

gram effectiveness can be reviewed while changes
are being made to increase effectiveness, as illus-
trated in the following table for area A. When the
agency in area A first used the new evaluation
indices, it selected a group of patients whose tu-
berculosis was diagnosed 3 months previously (pe-
riod 1). Because of the poor performance re-
vealed by the indices, some program changes were
made. These changes were reflected almost imme-
diately in the results shown for the next group of
patients (period 2).

Conversion of sputum
Area A Number Percent
Period 1, 24 patients positive:

3 months .................... 9 38
6 months .. ................. 15 63

Period 2, 28 patients positive:
3 months .................... 16 57
6 months .................... 26 93
As this illustration demonstrates, the percentage

(or index) itself is less important than the transla-
tion of the information gained into the program
changes that result in improvement of health of
both the individual and the community. The ulti-
mate measure of success is an accelerated reduc-
tion of the incidence of new cases of tuberculosis.

Conclusion
The three new indices (conversion of sputum,

continuity of therapy, and completion of preven-
tive therapy) have been introduced in 39 tubercu-
losis control programs and have been found to be
feasible and useful. To collect the data, it is neces-
sary to provide close supervision of patients and
to systematically maintain records and communi-
cation between hospitals, public health agencies,
and private physicians. When these indices are
used, they appear to stimulate professional health
workers to plan and implement changes that will
improve the outcome of their services.
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