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INTRODUCTION 

The morbidity and mortality attributable to pulmonary 

tuberculosis in the United States has declined dramatically over 

the last four decades (1). This decline is the direct result of 

the development of extremely effective chemotherapy; and has 

resulted _in major changes in the management of patients with 

tuberculosis. A concerted attempt has been made in the past 

several years to r~turn the treatment of tuberculosis to the 

mainstream of me_dicine. As a result, many patients are now being 

treated by the non-pulmonary physician. A recent review of 130 

such patients revealed that over 50 percent were mismanaged in 

some phase of their therapy (2). This review was therefore 

undertaken to emphasize the impact of chemotherapy on the care of 

patients with pulmonary tuberculosis. 

J 

Magnitude and Spectrum of the Problem 

In spite of the declining attack rate there are still more 

than 30,000 individuals requiring treatment for tuberculosis 

annually. The prior tuberculin status of these individuals 

reflects the changing epidemiologic picture of tuberculosis and 

is schematically represented in Figure 1 {3). 
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Figure 1 

Tuberculosis in the U.S., 1975 
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population have never been exposed to the 

- tubercle bacillus and remain "at risk" for infection. This 

"at ._risk group", however, accounts for only 8% of the active disease. 

In the past, 80 percent of the population was infected in childhood 

and the peak prevalence of active tuberculosis was in young adult

hood (4). The spectrum has now changed so that most patients are 

over 30 and non-caucasian (5). Tuberculin reactors representing 

only 7% of the population account for 93% of the active disease 
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and most previously had a normal chest radiograph. The recognition 

of this changing spectrum of active disease has resulted in treat

ment recommendations more nearly based on the pathogenesis of 

infection and the immunologic response of the host in a chemo

therapeutic era. 

Pathogenesis, Immunologic Response and Clinical Spectrum 

For clinical purposes the syndromes of pulmonary tuberculosis 

may be divided into primary infection, reactivation of quiescent 

disease and disseminated or miliary disease. The pathogenesis 

and cl i ni cal spectrum of miliary disease 11i ll not be addressed 

in this discussion. 

A. Pathogenesis of Primary Tuberculosis 

PrimaryJ pulmonary tuberculosis occurs when the tubercle 

_ bacillus carried as a "droplet nuclei" is inhaled by a host 

-- ~ithout prior tuberculosis exposure. Initially in the exudative 

phase the bacillus multiples freely, macrophages and polymor-

- phonuclear leukocytes then migrate into the area and the organism 

is phagocytosed. Tubercle bacilli also enter lymphatic channels 

and reach regional lymph nodes. Migration to the pleura during 

this phase results in granuloma formation and subsequent pleural 

effusion. Before multiplication is inhibited there is hematogenous 

dissemination of small numbers of organisms. Various organs, 
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including the lung, ar~ seeded in this manner and in children, 

particularly, extrapulmonary tuberculosis may become manifest. 

There is a time lag bet1·1een implantation of the primary lesion 

and development of secondary metastatic lesions. It is during 

this time lag that specific immunity begins to develop. The 

immunolog i c response of the host usually results in healed, 

calcified fibre-caseous nodules \·lith "dormant" tubercle bacilli 

both at the site of primary implantation, the regional lymph nodes 

(Ghon complex) apd the secondary metastatic sites ("Simon foci") 

(6-8). This cellular or type IV immunity develops 2 to 10 weeks 

after infection and is manifested by a positive tuberculin skin 

reaction. 

B. Clinical Manifestations of Primary Tuberculosis 

The clinical manifestations of primary tuberculosis among 

adults may be grouped into five categories (9). These are as 

follows: 

~ I. Tuberculin conversion without demonstrable disease. 

From 56-69% of p~rsons infected will recover without demonstrable 

clinical or radiographic disease. Rarely these individuals are 

mi 1 dly symptomatic with a pneumonic type i 11 ness ( 10, 11). 

II. Simple primary infection identified on radiograph. 

The degree of clinical illness varies from the usual mild pneumonic 

like symptoms to a rare case of symptoms of systemic dissemination. 
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The location of the lesions within the lung varies considerably; 

h01·1ever , in one 1·1ell documented study, all lesi ons 1~ere either in 

the anterior segment of the upper lobe or more com~only in the 

lower or middle lobes. No case involved the apical or posterior 

segment of the upper lobe. Hilar adenopathy is usually present 

and may be unilateral, bilateral or ipsilateral . Bacteriologic 

confirmation in this situation can be expected in only 25% of 

cases; owing to small numbers of organisms involved (12). 

III. Primary tuberculosis 1·1ith effusion. Pleural effusion 

may be present in up to 30% of patients ~lith primary tuberculosis. 

However, an associated parenchymal infiltrate or adenopathy is 

present in only approximately 25% of those with pleural effusion 

(12). These patients tend on average to present with a moderate 

. flu-like illness but one investigator has reported an acute 

illness similar tn bacterial pneumonia accompanied by pleuri tic 

chest pain i~ over half the cases (11, 13) . The pleural fluid 

is an exudate and clear in over 80% of cases and serosanquinous 

in ·less than 10% (13). 

Granulomas are almost always found on pleural biopsy but 

demonstration of AFB in the specimen or in the pleural fluid is 

possible only about 25% of the time (13). 

IV. Progression to chroni c pulmonary tuberculosis. 

Scandinavian authors have adequately documented progression of 

primary infection to chronic destructive pulmonary tuberculosis 
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(14, 15). The frequency varies with age; being most common under 

1 year of age. Among adolescents and young adults, authors have 

generally r eported an incidence of approximately 10%.(11, 14, 15). 

These patients are all moderate ly to severely symptomatic and 

are usually indistinqui shable clinically and radiographically 

from patients with reactivation disease. 

V. Extrapulmonary progression ("t·1iliary tuberculosis"). 

Extrapulmonary progression is a rare manifestation of primary 

tuberculosis, that most commonly occur in the immunocompromised 

host . 

C. Pathogenesis of Chronic Pulmonary Tuberculosis 

The pathogenesis of chronic pulmonary tuberculosis has been 

debated for decades. Stead has presented convincing evidence 

that it ari ses from late recrudes cence and progression of the 
\.. 

dormant resi.duals of primary lesions, 1~hich are implanted by 

hematogenous dissemination. This can be more accurately termed 

reactivation rather than reinfection tuberculosis. Healing of 

the primary site is usually rather complete but tends to be less 

so in the apical, metastatic foci (Simon foci) _. There, the 

disease becomes dormant, l'lhile retaining its potential for 

reactivation (16-18). There is still little evidence on the 

mechanism of reactivations, however, there is known association 

with alcoholism, diabetes, silicosis, steroid therapy and post 

• 
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gastrectomy. Reactivation of disease tends to be largely limited 

to the apical and posterior segments of the upper lobes (85%) or 

to the superior segment of the lower lobes (9.5%) (19). The 

exudative phase is associated with greater polymorphonuclear 

leukocytic infiltration, than occurs in primary disease and there 

are multi~le foci of caseous necrosis with hemorrhage and mononuclear 

infiltration. These areas of caseous necrosis may liquefy, cavitate, 

and empty into a bronchus. This endobronchial dissemination of 

tubercle bacilli · produces acinar shadows in other areas of the lung, 

which then may include the anterior segment of the upper lobe. In 

more fulminate disease the exudative lesion predominates and the 

picture is one of acute tuberculous pneumonia with lobar consoli-

dations. Gradually progressive disease with fibro productive 

lesions and loss of lung parenchyma is by far the most common 
. '-evolutlonary patte:n (20). 

D. Clinical r~anifestations of Chronic Pulmonary Tuberculosis 

Even in the era of chemotherapy the usual clinical presenta

tion of patients with reactivation disease has remained unchanged 

and an extensive recapitulation is not the purpose of the revie1~. 

However, an investigation of the characteristics of patients who 

present with active disease is helpful in defining the problem as 

it exists today. The classic indolent symptoms of cough, hemoptysis, 

fever, night s1~eats, and weight loss overwhelmingly predominate. 
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The extent of di sease is moderate to far advanced in 78%. 

Seventy- tl'/0 percent of the patients are male, 50~; al coholic 

between the ages of 40 and 64 and 32% foreign born (21). The 

positivity of the sputum smear is still directly related to 

radiographic extent of disease but may b· ~ egative in up to 20: 

with subs~quent bacteriologic confirmation (12). 

E. Immunologic Response 

The relationship between the development of delayed hyper

sensitivity following primary infection to lasting cell mediated 

immunity to chronic pulmonary tuberculous remains controversial 

(22-25). H01·1ever, the irrmunologic events that occur following 

primary antigenic stimulation may be important considerations in 

the therapy of pulmonary tuberculosis in the anergic, immuno

suppressed host (26-28). , From the work of Mackaness and others, 

it is probable that the following schema occurs (29). 

Specific 
antigen 

Small + Blastogenic + 
T tr<Jnsfonnation 
lymphocyte ---- and 

mites is 

Activated + 
T 
lymphocytes 

Specific 
cytotoxic 
effect 
Cells that 
secrete 
mediators 
Memory cells 
Cells that 
mediate 
irrmune response 

After tuberculous infection has occurred antigens from M. tuberculosis 

contact T lymphocytes, and specific antibodies to these antigens are 

formed on the surface of these lymphocytes. These lymphocytes are 
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then immunologically committed to tuberculin. When re-exposed 

to antigen, the lymphocytes undergo a blastogenic transformation 

and give ri se to l) specific cytotox ic cells 2) cells that 

secrete mediators of cellufar immunity 3) cells responsible for 

immunologic memory and 4) cells that re_g.ulate the immune response. 

The substances secreted that mediate cellular immunity include 

lymphotoxin 1·1hich may act directly to destroy foreign pathogens. 

Migration inhibiting factor, migration aggregating factor, and 

chemotactic factor, a 11 of 1~hi ch attract macrophages to destroy 

the pathogens and to transfer factor whose properties are 

summarized in Table 1. 

Table 

Immunologic Properties of 
Transfer Factor 

1. N~-immunoglobul in 

2. Non-immunogenic 

-3. Immunologically specific 

4. Converts normal lymphocytes 
in vitro and in vivo to antigen 
responsive state and these 
lymphocytes can release MIF 

Transfer factor is a polypeptide with a molecular weight of 

<10,000 which is dialyzable from serum. It is a non-immunoglobulin 

and is non-immunogenic to the receipient, but can passively transfer 

a state of delayed hypersensitivity to a non-sensitive host. 
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Administration of transfer factor to a non-sensitive or anergic 

host converts approx imately 2% of the lymphocyte population to 

sensitized lymphocytes. In the presence of antigen these sensitized 

lymphocytes divide and proliferate into _ l?-20~ of the total lymp ho

cyte population and the hos t develops delayed hypersensitivity to 

tuberculin proteins. 

Transfer factor has been successfully used in the treatmen t of 

disseminated vaccinia, disseminated candidiasis, and disseminated 

·cocciomycos is (2g, 30). Successful therapy has always been 

associated ~lith the development of a state of delayed hypersensitivity. 

This fact at least indirectly supports the view, that attainment of 

the state of delayed hypersensitivity is important in acquired 

cellular immunity or host resistance. The immunocompetence of 

the host may become a consideration in the therapy of pulmonary 

tuberculosis in special situatiOns . Patients who are severely ill 

with reactivation tuberculosis, demonstrate a decreased lymphocytic 

re~ponse to tuberculin protein (25, 26). With successful drug 

therapy lymphocytic stimulation returns to normal and delayed 

hypersensitivity is re-established. The clinical importance of 

monitoring the state of delayed hypersensitivity has received 

recent impetus. Whitcomb et a 1 have reported that -transfer 

factor was successful in the treatment of drug sensitive tuber

culosis in a patient l~ho did not respond to chemotherapy (28). 

Again, remission of disease ~1as associated with development of 
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delayed hypersensitivity in the host. All available evidence 

suggests that tuberculin skin testing in the patient with active 

disease is useful as a prognostic indicator. 

Diagnostic Standards of Tuberculosis 

The new diagnostic standards of tuberculosis are based on the 

pathogenesis of the disease and the host~parasite relationship. 

The terms_ active, inactive, quiescent, minimal, moderate, and far 

advanced are no longer used. Such terms 1·1ere useful indices of 

prognosis before chemotherapy 1~as available; today an appropriate 

_course of chemotherapy determines prognosis except in very special 

situation. The ne1~ classification reflects a prediction by Robert 

Koch in 1882: "In the future it will not be difficult to decide 

what is tuberculosis and what is not . The demonstration of 

tubercle bacilli ... will settle the question" (31). 

A summary of these standards is presented i~ Table 2 and should 

be used when evaluating any patient in reference to his tuberculous 

status (32) ;-
Tabl e 2 

Revised Diagnostic Standards and Classification 
of Tuberculosis 

0 - No tuberculosis exposure, not infected (no history of 
exposure, negative tuberculin skin test) 

- Tuberculosis exposure, no evidence of infection (history 
of exposure, negative tuberculin skin test} 

II - Tuberculosis infection without disease (positive tuberculin 
skin test; negative bacteriology; no roentgenographic 
findings compatible with tuberculosis -

A. Chemotherapy status 
IJI - Tuberculosis infected, with disease 

A. Location 
B. Bacteriologic status 
C. Chemotherapy status 
D; Roentgenographic findings 
E. Tuberculin skin test 

IV - Tuberculosis suspect 
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Thus, the s taging of tuberculosi s is now based on tubercu lous 

exposure, the tuberculin skin test, and bac t eriologic confirmation. 

Tuberculou s exposure r emains hi s tori cal and bacteri ologic 

confirmation in all referral laboratories and in many general 

hospitals is entirely adequate. Howevef ; since infection and 

perhaps ~rognosis is based on the tuberculin skin test, certain 

special recommendations have been made . 

It is now generally accepted that intradermal skin test 

should be performed using the PPD-S antigen. This antigen is 

stabilized in Tween 80 and has been demonstrated to have the 

lowest incidence of false negativity ~/hen administered to 

patients with bacteriologically documented tuberculosis (33). 

If technical errors are eliminated, evidence indicates that 

the incidence of false negativity nevertheless approaches 20% 

(33- 35). These non-reactors have been further investigated and 

found to be-clinically, seriously ill usually with a serum albumin 

of <3 gms. ~!hen · retested after two weeks of nutr ition a 1 and 

ant ituberculosis therapy, a positive reaction was obtained in 94% 

of the total tested population as illustrated in Table 3 (34). 

Table 3 

PPD-S in 100 Patients with Tuberculosis 

Admission 

PPD 
Pos. 

Neg. 

74 
21 

Two weeks after admission 

PPD 

Pos. 

Neg. 

94 

6 
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This study ~1ould seem to validate the use of skin testing 

with PPD-S (STU) as a sensitive index of infection when staging 

a patient's tuberculous status. The use of second strength PPD 

has never been evaluated vlith the stabiltied antigen and has no 

clinical ~s efulness in staging. 

Chemotherapy of Pulmonary Tuberculosi s 

The recomme~dations for the chemotherapy of pulmonary 

tuberculosis can now be divided into four categories based on 

the extent of disease outlined in the revised diagnostic standards. 

A. Group 0: No exposure; not infected- (PPD-neg), no medical 

action concerning tuberculosis is required. 

B. Group I: Tuberculosis exposure; no evidence of infection -

(PPD-neg). If the exposure is remote, no further action is 

necessary. If the exposure is vlithin the previous 3 months, a 

PPD~S should be repeated in 3 months after exposure has ended. 

If the PPD-S is then positive, the patient falls in Group II 

and is treated accordingly. 

C. Group II: Infected without disease. 



The treatment of individuals who are infected without disease 

would prevent over 90% of the 30,000 new cases of tuberculosis 

each year (3). Since it is estimated that each new case produces 

infection in 2 to 3 previously uninfected individuals, the chemo-

therapy of this group 1~ould virtually er:adicate tuberculosis as 

a public health probl em (36). -In this infected population, hm~ever, the risk for developing 

tuberculosis must be weighed against the risk of developing ison iazid 

hepatitis when recommending chemoprophylaxis. The estimated lifetime 

cases of tuberculosis among 100 persons 1~ith a PPD >10 mm is 

presented in Table 4 (37). 

Table 4 

Estimated Lifetime Cases of Tuberculosis 
Among 100 Persons 1~ith PPD > 10 mm 

Age Years 

25 35 45 55 65 

Men 4.6 3.4 2.8 2.1 1.3 

Women 
, . 4. 1 3.4 2.8 2.1 1.6 

Lifetime tuberculosis risks ~1ere calculated by multiplying the 

estimated average annual case rate by life expectancy for various 

age groups. As would be expected the risk decreases with age 

from approximately 4.5% at age 25 to 1.5% at age 65. 

Treatment with isoniazid results in a lifelong reduction in 

~uberculosis risk so that the number of cases of tuberculosis 
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prevented by isoniazid may be calculated (37). These are pl·e-

sented in Table 5 and confirm the increased efficacy in the 

younger age groups (38). 

Table 5 

Estimated Lifetime Cases of Tuberculosis 
Pr~ented by INH Among 100 Persons with PPD >10 rr.m 

- Age Years 
25 35 45 55 65 

Men 3.2 2.4 2.0 1.5 0.9 
Women 2.9 2.4 2.0 1.6 1.1 

The incidence of isoniazid associated hepatitis in persons 

more than 20 years of age ~1as reviewed in a study of more than 

11,000 persons on prophylaxis and the results are presented in 

Table 6 (39). 

Table 6 

Estimated Hepatitis Cases Caused 
by INH Among 100 Persons 

Age Years 

25 35 45 
Total Definite 0.6 1.3 2.0 
or Probable 0.1 0.6 1.1 

55 65 
3.1 2.6 
1.8 1.1 

From this data it can be calculated that the risk of developing 

hepatitis during 1 year of isoniazid treatment ranges from 2.4 

per 1000 among adults less than 35 years of age to 19 per 1000 

among persons 55 to 64 (38, 39). 
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Because these data clearly indicate an age related risk of 

hepatitis, it becomes necessary to identify individuals at higher 

risk for developing pulmonary tuberculosis. 

Certain groups of persons have been demonstrated to have a 

higher propensity to develop tubercula~~-~ and their characteristics 

are outlined in Table 7 (40). 

Table 7 

Risk of Developing Clinical Tuberculosis 

Category of Risk 

Recent tuberculin converters 
lst year 
> 1 yr. 

Household contacts of new cases 
PPD pas 
PPD neg 

PPD >10 mm with abnormal CXR 

Inadequately treated TB (sputa neg) 

Tuberculin pas. adults with normal CXR 

Percent Developing 
Clinical TB 

5.0 - 15.0 
3.0 - 5.0 

5.0 
2.5 

1.0 - 5.0/year 

1. 3/year 

0.08/year 

These relative risks have lead to th~ following recommenda

tions for isoniazid chemoprophylaxis (300 mgm/day for a period 

of one year) (40). 
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INH Chemoprophyl ax i s Recowmended 

Person s with recent conversion of PPD 

Household contac t s of new cases 

Persons with inadequately treated disease 

Persons with pas i ti ve PPD and a.J:morma 1 CXR 

PPD positive children and adolescents with 
..[lonna 1 CXR 

Less convincing evidence exists for risk of developing clinical 

tuberculosis in positive tuberculin reactors in special clinical 

situations. However, the following groups have been included in 

the recommendations of the American Thoracic Society (40). 

Special Clinical Situations -Positive PPD 
INH Chemoprophyl axis Recommended 

Prolonged therapy with adrenocorticoids 

Immunosuppressive therapy 

He~atologic and reticuloendothelial malignancies 

Diabetes Mellitus 

Silicosis 

Post Gastrectomy 

There is no evidence that continuing chemoprophylaxis more 

than one year in these situations is beneficial. 

If these criteria for chemoprophylaxis 1~ere rigidly follrn~ed 

by all physicians and health officials, a signifi~ant decrease in 

the number of ne11 cases of tuberculosis could be expected. 
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D. Group III: Infected with disease . 

Every patient 1~ith tubercu 1 ous disease should receive an 

adequate course of chemotherapy. Numerous, ~1e ll contra ll ed studies 

have documented that rest, accommodation, diet, nu~sing, climate, 

or psychologic factors have no influence on the course of the 

disease ol" the occurrence of relapse (41-45). Further, it has nm~ 

been demonstrated that when the chemotherapeutic results of initial 

treatment are combined with the results of retreatment, the 

.expected failure rate should approach 0.05% (47, 48). With such 

an effective armamentarium the approach to chemotherapy is in a 

state of change. The follm~ing evaluation of the chemotherapy of 

disease may be conveniently divided into "classic chemotherapy", 

biphasic and intermittent chemotherapy, and short course chemo-

therapy. 

I. Classic Chemotherapy 

It has been demonstrated that there is naturally occurring 

resistance to isoniazid in every 105 organisms and to streptomycin 

in 106 organisms. Consequently, recommended chemotherapy has been 

daily treatment with two drugs (47). The treatment with two drugs 

to which the organism is suspectible has prevented the emergence 

of drug resistant strains. The incidence of primary drug resistance 

in the United States has been continuously monitored over the 

last fifteen year~. The results indicate that 93% of strains 
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isolated in the United States are susceptible to all four first-line 

drugs and that primary drug resistance is not increasing (49). The 

primary resistance to isoni azid remains at approximately 0.8%. 

Because of this very lo~1 incidence of primary drug resi st ance, 

daily treatment vlith any t1~0 of the first--line drugs 1~ould be 

expected to yield a success rate in excess of 95%. Numerous 

studies have confirmed this observation and results vary only 

in the rate of sterilization of sputum, which is usually not 

.correlated with clinical improvement (43, 50-52). Choice of drugs 

in this situation is based on ease of administration, side effects, 

and cost. 

First and second-line drugs, dosage, side effects, and monitoring 

are listed in Tables 8 and 9 (53). 

Drug 

Isoniazid 

Ethambutol 

Rifampin 

Strepto
mycin 

Table 8 

Treatment of Mycobacterial Disease 
in Adults and Children 

First-Line Drugs 

Dosage 
Daily · 

5-10 mg/kg 
up to 300 
mg PO or IM 

15 mg/kg PO 

10-20mg/kg 

Twice \-leek ly 
15 mg/kg PO 
or It~ 

50 mg/kg PO 

PO up to 600 mg 

15-20 mg/kg 25-30 mg/kg 
up to 1 g It~ 

Side Effects 

Peripheral neuritis, 
hepatitis, hyper
sensitivity 
Optic neuritis 
(reversible with dis
continuation of drug; 
very rare at 15 mg/kg); 
skin rash 

Hepatitis, febrile re
action, purpura (rare) 

8th nerve damage, 
nephrotoxicity · 

Moni taring 

SGOT/SGPT 
(not routine) 

Red-green 
color dis
crimination 
and visual 
acuity 

SGOT/SGPT 
(not routine) 

Vestibular 
function, 
audiograms, 
BUN, and crea
tinine . 



1.fJ 

Tabl e 9 

Treatment of r~ycobacterial Disease 
in Adults and Children 

Second-Line Drugs 

Drug Dosage Side Effects r~onitori ng 
Daily 

Viomycin~ 15-30 mg/kg up 8th nerve damage, nephro- Vestibular 
to 1 g Ir1 toxicity, vestibul ar function, audio-

to xi city (rare) grams, BUN, and 
creatinine 

Cap reo- 15-30 mg/kg up 8th nerve damage, nephro- Vestibular 
mycin to 1 _g IM toxicity function, audio-

grams, BUN, and 
creatinine 

Kanamycin 15-30 mg/kg up 8th nerve damage, nephro- Vestibular 
to 1 g H~ toxicity, vestibular function, audio-

toxicity (rare) grams, BUN, and 
creatinine 

Ethiona- 15-30 mg/kg up Gas trointestinal, hepa to- SGOT /SGPT 
mide to 1 g PO toxicity, hypersensitivity 

Pyrazina- 15-30 mg/kg up Hyperuricemia, hepato- Uric acid, 
mide i;_o 2 g PO toxicity SGOT/SGPT 

Para-amino-150 mg/kg up to Gastrointestinal, hyper- SGOT/SGPT 
salicylic 12 g PO sensitivity, hepatotoxicity, 
acid sodium load 

Cyclose
rine 

10-20 mg/kg up 
to 1 g PO 

Psychosis, personality 
changes, convulsions, rash 

Psychologic 
testing 

Isoniazid, combining high effectiveness with low toxicity and 

low cost is the principal agent used to treat tuberculosis. It is 

well absorbed, and bacteriocidal against multiplying organisms. 

Hypersensitivity reactions resulting in overt or even fatal hepatitis 
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occur in approximately 1% of recipients. However, transient 

transaminase elevation may be expected in about 10%_of patients 

and does not require discontinuance of therapy (54). Genetic 

rapid and slow inactivators of isoniazid have not effected . liver 
. 

toxicity or response to therapy in the usual dose of 5-10 mgm/kg 

(55). H"Mever, peripheral neuritis does occur in more than 50% 

of slow inactivators if the dose of isoniazid is increased to 

15 mgm/kg. Pyridoxine supplementation is usually unnecessary 

unless pyridoxine deficiency is suspected or high dose therapy 

is contemplated (56). If patients requiring diphenylhydantoin 

are given isoniazid, the dose of diphenylhydantoin should be 

reduced to 100 to 200 mgm daily to avoid central nervous system 

side effects (57). 

Ethambutol is currently the companion drug of choice in the 

once daily treatment of tuberculosis. It is a bacteriostatic drug 

but when combined with isoniazid will convert the sputum to 

negative in 6 months in over 97% of cases. The only important 

side effect is dose dependent optic neuritis. This toxicity 

occurs in about 3% of those administered 25 mgm/kg but is rare 

at the usual dose of 15 mgm/kg (58). Because ethambutol is 

excreted in the urine, it must be used at reduced dosages in 

renal failure. 

Rifampin like isoniazid is bacteriocidal and extremely effective 

in the treatment of tuberculosis. It is excreted through the 
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biliary system and the kidneys. In combination 1~ith isoniazid 

it is most effective; producing sputa conversion earlier than a n~ 

other combination now used. Although relapse rate is likewise 

negligible the incidence of hepatotoxicity approaches a;; of pat ients 

given this combination (50). Further, there is indication that · 

liver toxicity is enhanced in the presence of previous alcoholic 

liver disease (59). Other side effects include several types of 

hypersensitivity reactions, thrombocytopenia, leukopenia. and 

depression of ~he immune response. These reactions have occurred 

mai.nly when rifampin has been given intermittently and cont1·aindicate 

it's use as intermittent therapy. 

Streptomycin since it's use is limited to parenteral admin

istration will be covered under two phase intermittent chemotherapy. 

It's eighth nerve andrenal toxicity are well described and usually 

reversible. 

The second-line drugs are only useful in retreatment when 

relapse occurs ~lith drug resistant organisms. This situation is 

usually encountered only in patients who prematurely discontinue 

the initial treatment regimen. However, the principal of the 

addition of t1~o new drugs to ~1hich the organism is sensitivity 

has resulted in a success rate of greater than 90% when therapy is 

closely supervised (48). 

The recommendation for duration of daily t1·1o drug therapy in 

patients with moderate to advanced disease is 18 to 24 months. This 
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recommendation is based on a relapse rate of 18:':: in those treated 

12 months and only 2% in those treated 24 months (60). 

II. Biphasic and Intermittent ChemotherapY 

Although daily chemotherapy has proven effectiveness, the 
-

incidence of primary treatment failure at six months remains 

signific~nt (60). Patient non-compliance in self administration 

of drugs has been documented by several authors (61-63). Effective 

supervised short-course chemotherapy (6 months) I•IOuld suppo1·t their 

contention that most primary treatment failures are secondary to 

non-compliance. 

Because of the significance of this problem, particularly in 

the alcoholic population, investigation of biphasic intermittent 

therapeutic regimens was begun. Such regimens are based en a 

knowledge of specific drug actions and an estimate of the total 

bacillary population (64). 

The bacillary population of a tuberculous lesion has been 

shown to vary with its morphology. Canetti has shown that from 

lO~to 105 organisms may be present in nodular pulmonary lesions; 

howeve~, in cavitary lesions the population may reach 1011 (65). 

Moreover, in the cavitary lesions tubercle bacilli replicate much 

more rapidly than they do in closed lesions. Thus the small 

bacillary population accounts for the lack of emergence of drug 

resistance and the successful use of isoniazid alone in many 

cases of primary tuberculosis (66). 



Isoniazid and rifampin are both bacteriocidal and most active 

against rapidly divid ing organisms although they are also effective 

against int race llular or "dormant" organisms. Both readily cross 

biologic membranes includi ng the blood-brain barri er and intralesional 

concentrations approximate those of blood (67-69). Streptomycin is 

only bacteriocidal at an alkaline pH and -most effective against 

extraceltular organisms {70, 71). Further, bacteriocidal synergism 

has been demonstrated bet1~een isoniazid and streptomycin (72). 

Ethambutol is bacteriostatic and probably most active against 

intracellular o~ dormant organisms (73). 

The size of the bacillary population and the properties of 

individual drugs has resulted in the concept of t11o-phase chemo

therapy. That is an initial period of intensive drug therapy when 

the bacillary population is large, extracellular and rapidly 

dividing; followed by less intensive therapy when the number of 

organisms has been substantially reduced. This concept is only 

pertine-nt in- patients with roentenographic evidence of advanced 

disease where the bacillary population is demonstrably large. 

Clinical studies have validated this concept by demonstrating 

earlier sputum conversion ~1hen streptomycin is added for a brief 

interim to various two drug regimens (52, 74). 

Follmting decrease in the bacillary populations daily double 

drug regimens for the usual 18-24 month results in success rates 

approaching 99% with patient compliance (46, 75). 
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Even 1~ith the biphasic regimen, failures cccu l· secondary to 

discontinuance of medications during the less intensive phase of 

therapy (76, 77). Thu s it vtas reasoned even in the early 1950's 

that bil~eekly intermittent chemotherapy would receive higher 

patient acceptance. The effectiveness of the intermittent 

administ i'd tion of drugs was first investigated by the Tuberculosis 

Chemotherapy Centre at t·1adras. They eva 1 ua ted the use of i soni azi d 

14 mgm/kg and streptomycin 27 mgm/kg given tl'tice 1·1eekly for one 

year and compared this to isoniazid and PAS given daily for the 

same period of time. The results of this trial are presented in 

Table 10 (78). 

Table 10 

Initial Madras Trial of Intermittent Therapy 

INH + PAS INH + Streptomycin 

Daily Twice Heek ly 

Bacteri o 1 ogy neg. 56/66 68/72 
12 months (85%) (94%) 

4 yr. relapse 15% 12% 

Following demonstration of clinical efficacy, Dickison and 

Mitchison designed studies to predict l'lhich drugs \~auld be most 

effective for intermittent chemotherapy (79). As would be 

expected, the most effective drugs appear to be those that are 

bacteriocidal and . also have the ability to inhibit organism 

growth for prolonged periods after brief exposure. Their results 
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indicated that streptomycin i s hi gh ly effect ive and i son i az id 

some1·1hat less effective in intermittent therapy. Later work i ndi -

cated that rifampin, ethambutol, and pyrazinamide should also be 

effective (80-82 ). 

Hm~ever , \'/hen intermitten t regimens were tested in an animal 

model of ~urine tuberculosi s the results of therapy after 3 months 

of isoniazid and streptomycin t1~ice 1·1eekly v1ere not as good as 

results of daily doses of the same drugs (83 ). With the same mouse 

model a short initial period of daily treatment produced consider

ably better results . With 1 ower doses of drugs and a 1 anger peri ad 

of daily treatment (3 months) followed by intermittent therapy, 

the results were as good as continuous daily treatment (84). 

The results using the animal model have stimulated most invest-

igators to c.ombine initial daily intensive therapy with intermi ttent 

regimens. In most investigations, follow-up intermittent therapy has 

- been effectiv e both in conversion of sputum and prevention of relapse. 

The results of t1·1o such studies are presented in Table 11 (85 , 86). 

Table 11 

Biphasic and Intermittent Chemotherapy 

Bacteriology neg. 
18 months 

Relapse 
36 months 

INH + Strep + PAS 
Dai ly/3 mo. 

INH + Strep - 2 X week/18 mo. 

A 

80/80 
(100%) 

B 

333/335 
{99%) 

0/333 
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In contrast to the animal data, a later clinical trial by 

the Madras group again shm~ed that isoniazid plus stl·eptomycin 

administered t1·1ice weekly from the initiation of therapy 1·1as 

extremely effective. H01·1ever, in the same study isoniazid plus 

streptomycin administered once \~eekly 1·1aS- clearly ineffective (87). 

A summary_of these results are presented in Table 12. 

Table 12 

Results Intermittent Chemotherapy Alone 

No pt. with neg. 
bacteriology 

12 mo. 

% response 

INH + St:-ep 
2 X l~eek 

91 

95 

INH + Strep 
l X Heek 

51 

66 

Twice weekly regimens of isoniazid and streptomycin or 

isoniazid and ethambutol have also been effective as continuation 

- regimens. Rifampin is not recommended for any intermittent regimen 

due_ to increased to xi city ~1hen administered in this manner ( 88). 

From these and other studies on larger patient populations, it 

can be concluded that supervised intermittent chemotherapy is 

effective in the initial treatment of tuberculosis in developing 

countries. However, since long-term supervised therapy in this 

country has definite organizational limitations, an initial intensive 

phase followed by blice v1eekly regimens seems most reasonable, 



particularly in the recalcitrant patient. 

III. Short Course Chemotherapy 

The cl i ni cal success of the intermittent reg-imens and the 

demonstration that single pulses of bacteriocidal drugs are effect-

ive for several days stimulated the investigation of short course 

treatment regimens (89-91) . These inves-tigations \'/ere initiated 

in develo~ing countries where financial resources are minimal and 

eighteen month fully supervised regimens are not organizationally 

feasible. The results may have long term implications for the 

treatment of tuberculosis in the more developed countries. The 

main advantage being; a lesser total quantity of drugs and hence 

a hope of improved patient compliance. 

The first study was conducted in East Africa and the results 

are presented in Table 13. Drugs were administered daily for a 

total of six months and follow-up has n01~ encompassed forty eight 

months (92). 

Table 13 

Results Six Month Chemotherapy Regimens 
(48 months) 

Total Total Susceptible 
Patients Relaeses % Organisms 

INH 
Streptomycin 152 4 3 4 
Rifampin 

INH 
Streptomycin 152 13 8 10 
Pyrazinamide 

INH 112 33 29 32 Streptomycin 
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It wa s concluded from thi s study that the t1~o three drug 

combinations produced an accep table bacte riologic relapse rate; 

and further that if such occurred, it would occur with susceptible 

organisms ( 93-94). 

The second East African study confirmed these initial observa

tions and the results of 30 month follow-up are presented in Table 

14. 

INH 

Table 14 

Results Six Month Chemotherapy Regimens 
(30 month s ) 

Total Total Susceptible 
Patients Relapses •L ,o Organisms 

Streptomycin 171 4 2 4 
Rifampin 

INH 164 12 7 11 -Rifampin 

_Although the two drug regimen of isoniazid and rifampin had 

a acceptable relapse rate, the addition of streptomycin made a small 

but statistically significant difference; confirming again the 

importance of initial intensive therapy (95, 96). 

These studies were conducted in countries where initial drug 

resistance is much higher than in this country. It has been 

argued by several investigators that initial ..:L!: vitro sensitivity 

testing adds little to overall patient management (97). The East 

African and subsequently the Hong Kong study support this concept. 
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In both studies, clinical response did not necess arily correl ate 

with sensitivity testing, rela pse rate was low, and usually occu rred 

with drug sensitive org ani sms ( 98-99). If routine pretreatment 

susceptibility is eliminated in our drug sensitive population, 

a very high initial treatment success l~ou-ld be expected. In this 

situation_retreatment with a reserve regimen is started only in 

patients who remain bacteriologically positive (97-98). This data 

also has implication for the re-institution of chemotherapy in the 

non-compliant P<l:tient. If therapy has been initiated 1·tith t1~o or 

three first-line drugs and all drugs were terminated simultaneous ly, 

re-institution of the same drugs would be appropriate; since relapse 

is most often with drug sensitivity organisms. This concept does 

not apply when only one drug has been discontinued and drug 

resistance would be statistically more like)y. 

Short course chemotherapy in the developed countries is still 

-- in an investigational stage; hm~ever, its future use in the 

non-compliant pati"ent is not unrealistic. An ambulatory fully 

supervised daily six month regimen would be expected to virtually 

eliminate the problem of reactivation tuberculosis. 

Infectivity, Hospitalization, Clinic Discharge 

A. Infectivity 

In 1934 H. G. Wells demonstrated that tuberculous infection 

was produced by "droplet nuclei" later shown to be less than lOu 
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in diameter (100). Large droplets settle out in upper airways and 

do not produce infection. Thu s drying of droplets has to occur

before aerial di ssemination of infection can occur (101). As 

early as 1947 formities were demonstrated to be unimportant in 

tuberculous infection (102). Further exposure of the droplet to 

ultraviolet light completely prevents infection in animal models 

(103). The actual number of droplet nuclei in a expiratory 

maneuver depends on the velocity of the expired air (104). Thus 

coughing and sneezing are the only significant disseminators of 

infection. If the mouth or nose is covered, there is greatly 

decreased risk of infection. Hith the institution of chemotherapy 

coughs have been demonstrated to decreased in frequency even in 

the initial 1~eek of therapy (105). 

In 1960 Sultan and associates found the concentration of 

isoniazid in sputum to approximate that in blood (106). Therefore, 

- as a droplet -evaporates and shrinks in volume the concentration 

- should increase several thousand fold. 

- Further, indirect evidence of the potent sterilizing effect of 

isoniazid treatment was first presented by Riley and 

associates. In his animal model he exposed guinea pigs to the 

exhalate air of sputa positive patients just begun on therapy. 

The study encompassed a two year period and involved the continuous 

exposure of 175 guinea pigs. During the two years, only 71 animals 

became infected; and only two with drug sensitive strains. During 
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one four month period when all of the sputa positive patients had 

drug sensitive organism, none of the animals became infected (107). 

B. Hospitalizat i on 

The first study that documented the potent effect of drugs in 

reversal -of infection in a human population 1·1as conducted in Hadras 

in 1966. In large numbers of patients either treated exclusively 

at home or in the sanatorium; tuberculosis developed in 9. 4~ of 

contacts of the home-treated group and in 14% of the sanatorium 

-treated group ( 1 08). This ~1ork has been confirmed by several 

studies conducted in this country and the results of one such study 

are presented in Table 15. 

Table 15 

Reactors Among Household Contacts 

Group A 
Sputa pos. 

No . % 
Contacts Evaluated 284 

reactors 114 40 

Contacts <16 years 139 
reactors 59 42 

Group B 
Sputa neg. 

No. % 
216 

81 38 

108 
41 38 

Group A were discharged sputa positive after one month of 

therapy and Group B were treated until sputa 1·1as negative. Thus 

household contacts including children showed no difference in 

tuberculin reactivity (109). Subsequent studies have decreased 

hospitali za tion to t~1o weeks and again sh01m no increase in 
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tuberculin reactivity of household contacts (110). 

These data all support the current recowmendation of 

hospitalization of patients \·lith pulmonary tuberculosis depending 

on their overall medical condition. The precise moment they 

become rron-infectious is related to the drug susceptibility of 

the organism but probably occur shortly after institution of 

therapy. 

Clinical response to chemotherapy often occurs in the first 

week with patients demonstrating decreasing cough and sputa 

production (105). If hospitalization is required discharge should 

be based on the overall clinical response and is probably best 

correlated with nutritional status. 

C. Clinic Discharqe 

The success of any modern tuberculosis control program nm~ 

depends on the availability of good ambulatory care facilities 

(111). Clinics must be able to deliver routine care and to deal 

with non-camp l i ant patients; providing supervised therapy ~1hen 

necessary. If this service is provided and a course of "adequate" 

chemotherapy is completed, a lifetime reactivation rate of only 

0.8% has been demonstrated (112-113). 



Ris k of Relapse of Tuberculosis 
After 18 1·1anths of Chemotherapy 

Time of At Risk 
Relapse 

(No.) 
Relar es 

(% (%/Year) 

(years) (No.) 

1-2 483 3 0.6 0.30 

3-9 372 3 0.8 0.12 

10-14 181 0 

The extremely low yield of continued surveillance programs 

has led to the recommendation that patients who complete a course 

of chemotherapy be considered cured. They are then discharged 

from routine examination and cautioned to return if symptoms 

develop (114). 
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