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Verzieht , ich halt Euch auf mit vielen Fragen, 
Allein ich muss Euch noch bemuhr. 
Wolt lhr mir von der Medizin 
Nicht ouch e in kraftig Wortchen Sagen? 
Drei Jahr ist eine Kurze Zet 
Und, Gott! das Feld ist gar Su Weit, 
Wenn man cinem Fingerquerg Nurhat, 
Lasst sich's schol e her weiter fuhlen. 

Forgive, I hold you up w ith many questions 
But there is one more thing I rd I ike to see 
Regarding medicine, maybe, 
You have some powerful suggestions? 
Three Years go by so very fast 
And, God, the field is all too vasL 
If but a littl e hint is shown , 
One can attempt to find one ' s way. 

·l 

(Student to Mephistopholes in Goethe's Faust.) 

.. 

-) 

) 



, U.S .A. 

The new active case rate and death rate for tuberculosis in this country have 

been falling exponent ially fo r a good many years, and this fall had slarted well before the in-

traduction of chemotherapy. Present ly there are abo ut 50,000 new active cases a year , and 

about 7,500 deaths. Dallas has between 200- 250 new cases, and thirty deaths a year. 

Tuberculosis is unpopular amongst physicians in this country for four main reasons: 

(1) Treatment is now simple and along well esl·ablished lines. 

(2) There is liHie opportunity for resea rch o r original thought 

except in larg e sca le cooperative 1-rials. 

(3) The inc ide nce is falling. 

(4) Tuberculosis sti II carries considerable but unju stifi ab le 'to te m' 

and 'taboo'. 

If the present fall in incide nce continues, the new case rate in 1999 will be 1 

per 100,000. The e limination of tuberculosis is due less to medical treatment than to the dis-

ease being !n a self-eliminating phase. !.tis believed that ten infect ious cases probably infect 

100 people. (Probob ly less.) About five of these infected would deve lop pulmonary J·ube r-

culosis, and three of these would themselves be infec tious. As ten infectious cmes produce 

three new infecti ous cases, it is eviden1· that the disease should eventually die out. 

The 2,000 new notifi cat ions in 1999 would arise as follows: 

(1) About 3,300 newly infected cases would produce 200 cases 

of di sease . 

(2) 180,000 with inact ive di sease under surveillance would produce 

900 cases. 
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(3) The 1, 800, 000 tube !"culin positive peop le wou ld produce a fu rther 

900 case s . 

This is a ssuming annual at ta ck ra tes of a bout 5% for those re ce nt ly in fe cted (in 

the first year), 0. 5% for those with ina ctive d isea se , a nd 0. 05% fo r those with pos iti ve tuber­

c ulin tests but c lea r x-rays. 

HI STORICAL 

In 1700 Mong e t, whi le pe rfo rming an a utopsy on a yout h observed tha t tube rc I es • 

were so sma ll as to rese mb le "mill e t seed" (mi ll e t seed of white poppy, a nd same siz e a s hemp 

seed . ). 

In 1865 Vi ll e min de monstrated that phthi si s was· a spec if ic affliction caused by 

an inocu lab le ag e nt or g e rm, and 188 1 Koc h isol a ted human tube rcl e bac illi. At that time 

one-seventh of a ll deaths we re du e to tubercu los is, a nd this rose to one- third in yo ung odu lls. 

In 1931 (Ande rson, J . D., McMahon, T.M., and Pinne r, M.: A C linical Trial 

of Sanocrysin in Pul mona ry Tube rcul osi s, Ame r. Re v. Re sp. Di s., 193 1, 24 , 401 - 435.) a study 

was mode of one of t·he c urrent trea tme nts of tube rculosis. Th is was one of the fir st va lid sta­

ti st ical st·udies unde rta ke n of any med ical the rapy, and showed tha t· go ld inj ec tions we re va lue ­

less in tube rc ulosis. Unfo rtunate ly othe r cu rren t t reatme nts for tube rc u losis, such a s res t, arti ­

ficial pneumothorax, pne umope ritone um, and thorocopl asty, we re never sim i Io ri ly e vo luated , 

though undoubtedly many pe rsons appea red to be he lped by these me thods. The next year , 

1932, S . A. Waksman (The Conquest of Tube rcu losi s . Univ . of Ca li f. Press 1964) obse rved that 

the growlh of tuberc le ba c i ll i in so il was de layed. From t·hi s a rose the discovery in 1943 thot 

certain so il actinomyce tes ha d em anti-tubercul os is effe c t, and in 1944 Streptomyc in was iso­

lated from Ac tinomyc es gri seus, a soi l o rga ni sm fi rs t iso lat ed 28 y ears ea r lier . 
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Thus was inaugurated the era of tube rculosis chemotherapy, to succeed that of 

the sanitarium regime and co ll apse therapy. · 

Other ant i-tuberculosis ag en ts follow ed : 1946 Para-a minosa li cyclic acid, 

1949 Pyraz inamide , and 1952 lson iaz ide. The know ledge of how correct ly to use these and 

subseque nt agents was acquired pa infully and s low ly between 1944 and 1960, and is st ill be ing 

improved and re fin ed. 
\. 

The first report of 1·he c lin ica l use of Streptomycin in tube rculosis was in 1945, 

by Hin shaw and Feldman in the Proceedings of the Staff Meet ings of the Mayo Cl in ic. They 

had g iven it to thirty-four patien1·s . The fir st pati e n1· ever to rece ive Streptomycin was a 21 

year o ld wh ite fema le in the Mine ra l Springs Sanatarium , Cannon Fall s , Minneso ta in 1944. 

She survived far advanced tuberculosis, a 1·hree stage tho racoplasty, and an inadeq uate course 

of streptomycin, and was a li ve ten years later, we ll, marr ied , cmd wil"h three chi ldren . 

(Amer. Rev . Tube rc . , 1955, 7, 752-754.) 

In the ensur ing years, admidst unbounding optimism, confus ion, and finally 

from p lanned studies , notably by the British Medi ca l Research Counci l, and the U.S. Armed 

Forces Veterans Admin istration combined stud ies, the limito1·ions and p lace of drugs in tuber-

culosis therapy became appreciated . 

1. Me Dermott, W., Muschenheim, C., Had ley, S.J., Bunn, P.A., and Gorman, R.V. : 
Streptomycin in J:_he Treatment o f Tuberculosis in Humans. (1) Men ingitis a nd Gener­
alized Hematogenous Tuberculosis, Ann. lnL Med., 1947, 27, 769-882 . 

2. Muschenhe im, C., Me De rmott, W., Hadley, S.J., Hull -Sm ith, H., and Tracy , A.: 
St reptomyc in in the Trea tment of Tuberculosis in Humans. (II) Pulmonary Tuberculosis , 
Ann. In t. Me d . , 1947, 27, 989- 1027. 

3. The Effect of Streptomyc in upon Pulmonary Tube rculosis. Veterans Adm ini s1ra1ion Co­
Operative Study, Amer. Rev. Tuberc., 1947 , 56, 485-507 . 

. .-..·t 
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4. Streptomycin Trea tment of Pulmonary Tubercu losi s. A Medical Research Council 
Invest igation, Brit. Med. J ., 1948 , 2, 769-782. 

5 . Trea tment of Pulmonary Tube rc ulosis wit h Streptomycin and Para-Aminosalicylic 
Acid. A Medical Research Council Investigat ion , Brit. Med. J., 1950, 2, 1073- 1085 . 

6. The Prevention of Streptomycin Resistance by Combined Chemothe rapy. A Med ical 
Research Council Invest igation , Brit . Med. J., 1952 , 1, 1157- 11 62. 

7. Robitzek, E. H., and Selikoff, I.J.: Hydrazine De rivatives of lson icot inic Ac id in 
the Treatment of Acute Prog re ss ive Causeous- Pneumonic Tuberculosis, A me r. Rev . 

I 
Tuberc. , 1952 , 65, 402-428. 

8. The Treatment of Pulmonary Tu bercu losis with Ison ia z id. Inter im Report of Medical 
Research Council, Br it. Med. J., 1952 , 2, 735- 746. 

9. Isoni az id in the Trea tment of Pulmonary Tuberculosis. Second Report to the Medical 
Research Council, Brit. Med. J., 1953 , 1, 521-536. 

10. Tucker , W.B.: A Review of the Current Stotus of the Chemotherapy of Tuberculosi s, 
Ann . Int. Med., 1953, 39, 1045-106 1. 

11. Fox, W., Sutherland, I., and Daniels, /v\.: A Five Year Assessment of Patients in a 
Controll ed Trial of Streptomycin in Pulmonary Tubercu losi s. Report to Chemothe·apy 
Trial s Committee of the Medical Research Council, Quart . J. Med., 1954, 23, 347- 366. 

12. Fox , W., nnd Sutherland, I. : A Five Year Assessment of Pat ie nts in a Controll ed 
Trial of Streptomycin, Para-Aminosalicylic Acid, and Streptomycin plus Para ­
Aminosa licy lic Acid in Pulmonary Tuberculosi s. Report to the Tuberculosis Che mo­
therapy Tricd s Committee of 1·he Medical Research Council, Quart. J. Med., 1956, 
25, 221-243. 

13. Tucker , W. B.: Comparative Effec ts of Three S1reptomycin and Para-Aminoscdicylic 
Acid Regimens of Prolonged Duration in Patients with Previously Untreated Tube r­
culosis. (V.A.), Amer. Rev. Tu be rc . , 1955, 72, 733-755. 

14. Vari ous Combinations of Isonia z id with Streptomycin or with PAS in the Treatment of 
Pulmonary Tuberculosis. 7th. Report to the Medical Research Counc il by The ir Tuber­
culosis Chemo1herapy Trials Committee, Brit. Med. J., 1955, 1, 435-445 . 

15. Fox, W., and Sutherland, I.: A f-ive Year Assessment of Pati ents in a Controlled 
Trial of Stre ptomycin with Different Doses of Para - Aminosolicylic Ac id in Pulmonary 
Tubercu los is. Report to the Tuberculosis Chemotherapy Trials Commi1tee of the 
Medical Research Committee, Qumt. J. Med., 1959, 28, 77-95. 

- 4 -



. " 

16. Long Term Chemotherapy in the Treatme nt of Chronic Pulmonary Tube rcul os is w ith 
Cavi ta ti on. A Repo rt to the Medica l R~searc h Counci I by The ir Tuberculosis Chemo­
therapy Tri a ls Committee 1 Tuberc le 1 1962 1 43 1 201- 212. 

17. Johnston 1 R.N. 1 Smith 1 D . H. 1 Rit·chi e 1 R.T., and Lock hart 1 W.: Prolong ed St rep­
tomyci n and Ison iaz id for Pulmonary Tubercu losis 1 Brit. Med. J . 1 1964 1 11 1679- 1683. 

RECENT REVIEWS 

18. Crofton 1 J . : Tubercu los is Undefeated 1 Brit. Med. J. 1 1960 1 21 679-687. 

19 . Fox 1 W . : Chemothera py and Ep idemio logy of Tubercul os is1 Lancet 1 1962 1 11 

413-417 and 473-477. 

20. Grzybowski / S. 1 and Ma nn 1 W . B.: The Unchang ing Pattern of Pulmonary Tuber­
cul os is/ Canad . Med . Assoc. J. 1 1963 1 89 1 737-740 . 

21. Fox 1 W.: Realistic Chemothe rapeutic Policies for Tuberculosis in Deve loping 
Countri es 1 Brit. Med. J. 1 1964 1 11 135-142 . 

22. M itc hi son 1 D.A.: Chemotherapy of Tubercul os is: A Bacterio log ists' Viewpoint 1 

Brit. Med. J. 1 1965 1 1 1 1333-1340. 

23. Mitche ll 1 R.: Contro l ofTuberculosis 1 New Eng. J. Med. 1 1967 1 276 1 842-848 
and 905-911. 

24. Fox 1 W.: Changing Concepts in the Che mothe ra py of Pulmo nary Tuberculosis, 
Ame r . Rev. Resp . Di s. 1 1968 , 97 1 767-790. 

25. Batten , J. : Expe rimenta l Chemotherapy ofTuberculosis 1 Brit. Med. J. 1 1968 1 

2/ 75-82 . 

26. Tube rculosis Chemotherapy Cente r1 Madras Leading Articl e 1 Tuberc le , 1968 , 
49/ 114- 121. 

27. Francis , R. S., and Curwe n 1 M.P.: Major Surgery for Pulmonary Tubercu los is: 
Fina l Repor t , Tuberc le 1 1964 1 45 1 5-79 . 

From the accumula ted experie nce and invest igati on over the years 1 a sa ti sfac to ry 

approach to the therapy of all typi ca l hu man tubercul ous disease may be out li ned br ief ly . 

These base line rul es app ly to all pulmonary and non-pu lmonary disease states whi c h are con-
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sid e red to be active or are proven to be active, and transgress ion of these princ iples may cost 

the patient hi s existence. 

1. CULTURES OF THE ORGANISM MUST BE SOUGHT DILI GENTLY, IN ORDER TO 

CLASSIFY TH E ORGANISM, AND TO DO IN-VITRO ANTIBiOTIC SENSITiVITY 

TESTS . 

---. 
2. MYCOBACTERIA MUST NOT BE PRESUMED TO BE SENSITIVE TO DRUGS UNTIL 

SHOWN TO BE SO. 

3. CULTURE AND SENSITIVITY TESTS SHOULD ONLY BE DON E IN LABORATORIES 

FULLY EQUIPPED FOR THE PURPOSE- AND WHERE NUMB£RS OF SUCH PROCE-

DURES ARE DONE DAILY BY STANDARD TECHNIQUES. 

1. THE THERAPY OF ACTIVE TYPICAL HUMAN TUB ERCULOSI S REQUIRES A MINIMUM 

OF TWO DRUGS TO WHICH THE ORGANISM IS SEI'-ISITIVE . 

2. SUITABLE DRUGS TO WHICH THE ORGANISM IS SENSITIVE SHOULD BE GIVEN 

BY A REGIMEN PROVEN TO BE EFFECTIVE (USUALLY DAILY) FOR A MINIMUM 

PERIOD OF ONE AI'-!D 'A HALF YEARS. 

3. IDIOSYNCR/\SY - INTOLERAI'-!CE - OR HYPERSENSITIVITY REACTIONS TO A 

DRUG - OR DRUGS MUST BE CAREFULLY EVALUATED. SUSPECTED DRUGS 

MUST NOT BE WITHDRAWN SINGLY. 
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4. RECALCITRANT OR UN-CO-OPERATIVE SUBJECTS MAY REQUIRE SPECIAL 

HANDLING. 

Therq· are opinions that consider sanator ium therapy mandatory. 

ADVOCATES OF SANATORIA . 

1. It gives better results. 

2. Patients co-operate better. 

3. Easier to educate and re-assure. 

4. Guaran tee patients take drugs. 

5. Drug tox ic ity trea ted more easily. 

6. Pati ents isolated when infect ious. 

Experi ence of Madra s study indicates none of the above is true. Though 

certain patients (viz alcoholics) may need combined in- pa ti ent therapy and rehab il itation. 

The fa c tors influenc ing response to treatment in order of importa nc e are: 

UNIMPORTANT 

RELATIVELY UN IMPO RT ANT 

IMPORTANT 

REST 
DIET 
CLIMATE 
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ACCOM MOD.!, T ION 
NURSING 
etc. 

SEVERITY OF DISEASE 

CHEMOTHERAPY 
CO-OPERAT ION OF PATIENT 



Age Groups 

All ages . . ... •.. . • .. . 

0- 4 . ... ..... .• . . . 
!>-14 . . · -· · · . ... .. . 

1!>-24 . . ..... - .. ... . 
25--44 . . . .. . . . .. . . .. 
4!>-64 . . . ..... .. . . - . 
65+ ........ . .. . . . 

FIGURE 1. New activ•! tubercu losis case rate and 
death rme, United Stales, 1953-1967 

r----------------------------------~ 

YEAR 1 9>ls:-r".~l '·' t:_G".Ej~ · .; ,l ··~- 1 -5 ! , .. , j ·;; 1 - ,; 1 , ~;· 

60~----------------------------------------
50 ~~ Nf.'H AC1 1VE CASE RA r( 

•oi--------~-
~ 30 - · - ---------
;:: 

j -~ 20 ~·-------------------------------------~ 
I[ 

8 ' '~---------------------------------------

! IO~=="'~:s~;========O=E=A=TH==RA=T=E============~ "' 9 - -
~ 8 .......... --

~ ~------------~~ ·------·----------------~ 

r---------------~~~-~~ -----
-- -~ 

RATES J _ _j_..___,__._.......J 
NEW CASES: 53 .0 .: :u !0.; ~ I U 39.2 JG .S 3? .5 )0 .= ('J J 2S.1 2~ . 7 2!i.6 Z5 .3 7~ . -l 23. 1 
DEATH: 12.4 10.2 9. 1 8.4 7.8 7.1 6.5 6.0 S.l 5.1 ~.9 4.3 U 3.9 J.J• 

NOTE: l :>g <'rrt:-;miC ~C].e 
•P1ovisicn1l de.J!tl rJte b.J\i!1 on ~~,]: i?n J! 

Cen ter ror HeclWt Statr st rcs te .1 ce;c '!n t SJ 'flpl e 

\ 

1'u.be;·culosis deaths by age, race, and sex: United States , 1966 
- =--= 

White Nonwhite 
Tota l f---. 

Total Mo le Female Total Male 

• • • • • ~ • 0 •• • 7,625 5,48[, 4,095 1,390 2,1 39 1.506 

.. ... .... . 74 33 14 19 41 29 

.. .... .... 28 15 8 7 13 8 

..... ... .. 69 30 15 IS 39 11 

...... .. .. 933 440 259 181 . 433 308 

. .. . . .... . 2,962 7,110 1,656 454 852 63& 
··· · · · ··· · 3,551 2,852 2,139 713 699 511 

__ L.__ 

Fe. male 

633 

12 
5 

28 
185 
214 
188 

Note: Totals in ol!'dc 5 dea ths in whi te m~lcs, I dea th in a white female, I dco lh in a nonwhite male and 1 death in a nonwhite female with age 
not stated. 

Cases on current tuberculosis registers (a), Unit ed S ta tes 

Type 
1963 

-------------------------1-------------
Hospi!a!iud c.: ;~s . ... . . . .......... . . .. ..... .. . .. . . . . . 
Unho,pi talized active cases ... . .. , .. . ....•.•..... . • . ..•. 

4l000 
61,000 

1964 

1-c tive dis~ol~ cases . . . . . . . . . . . . . . . . . . . • . . . . • . . . .. .. . . . 105.000 I 05,000 
All other c~ s<s on curr 2n t r cgis~e rs (b) . ..... .. .. ... . .. .. . 215,000 215,000 

On December 31 

1---·--- ---- ·-------- -----
Total cas~s on rc;;i>lers ... .. , .. . ............... 320,0QO 320,000 325,0CO 

90,000 
230,000 

320,000 
- -----------·---·-------- L__ ______ _ _ _________ ...._ ______ ---·· 
(a) Estima: rd. 
(b ) Ca:H'S wit~1 2ctiv::y unl!c :erm ir. cd a11d in Jctivc c ~s~'i Ull:!·~ r currc:1 ~ s up .~rvis:on. 

1967 

32,000 
45,000 

77 ,000 
238,000 

315,000 

NOT[ : lu hc; cu!o:i'i r csi.;t~r:; ir.::lu{.' '? r l'~'lrds of the ac ti ,,c ca~ ,~ ~ currcq ~ ! y unr!~r cJ ro:-, the ca o;~s fer which d iscas~ activity h:1 :; not t~cc n detcrrnirf!d, 
and ini!ctive C 2!,~:; under su pertiJ ion. Al so ret dined on hc:Jith d~;!Jrtrr,~nt roll ::; ur~ records of p cQp ~e who fail to respond to tlc .J tm cn t or 
who have received i nad~q"o t~ or interrupt ed treJtn,e.l!. 
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New active tub erculosis cases, cities of 250,000 or more population, 19G7 

Cities 

Number 

New active cases 

Rate p_er 
100.000 

population 
Rate 

rank order 

Akron, Ohio . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . • . . . . . . . . . . . 42 14.0 46 
Albuquerque, N. M.. . . . . . . . . • . . . . . . • . . . . . . • . .. . . . . . . . . . . . . . . • . . . . . . • . . . . .. .. . . . 39 16.7 42 
Baltimore. r.ld. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . • . . . . . . . . . . . . . . . . . . . . . 683 75.1 1 
Birmingham. AIJ . . . . . . . . . . . . . . • . • . • . . . . . . . . . . • . • . • . • . • • . • . . • . . . . . . . . . • . . • . . . . . 200 56.9 4 
Boston, Mass. . . . . . . . . . . . . . • . . . . • . • . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . • . . . . . . . 276 41.9 18 
Buffalo, N. Y....... ...... .. .. . .. . .... .. .. .... ... .......... . ........... ... .... 215 / 46.7. 10 
Chic• go, Ill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.989 56 0 5 
Cincinnati, Ohio . .. . . . . . . .. .. .. . . . . . . . . . . . . . . . .. . .. . .. • . .. . . . . . . • . . . . . . . .. . . .. 143 28 6 28 
Cl mlanJ, Ohio .. . . . . . .. . . .. . . . . .. . . .. . . . . . .. . . .. . . .. . . . . . . . . . . . . . . . .. . . . . . . . 289 35.1 20 
Columbus, Ohio ..... . ...... : .. ........ .. ........ ... .... . ......... ... .. ........ 88 16.1 43 
Dallas, Tex. . ...... . .. .. . . ...... .. ..... . . . ... . .. .. . . . .... . .. . . ..... . ... -. . . . . . 242 28.8 27 
Dayton, Ohio .. ·......... . .. . .•... . .. . . . ..... •.. .... . . . . . . . . . . . . • . . . . • . . . . . . • . 91 34.0 21 

~:~;~~;: ~.fi~h .. ::::::::: ::: ::::::: :::::::::::::::::::: :::::::::::::: :: :: :::::: 9~~ ;~ ~ 4~ 
El Paso, Tex.... . ...... . .. . ... .. .. .. .. . ......... ... . . ...... . .... . . .. . .. . . .. .. . 96 30.2 24 
Fl Worth. Tex..... . ..... . . . .... . . ........ . . .... . . ..... .... . .... . .. . . ..... . .. . 104 25.2 30 
Honolulu, Jlawaii . .. . . .. .. . .. . . . .. . . .. . . . . .. . . . . . . .. .. . . . • .. . .. .. . . . . . .. . . . . . . 183 50.4 7 
Houslon, Tex. .. ... • •.•• . • .. • .• .•. .- •.. . .• •.• .. •.. ..•• ·. . • .. ..•..•... •. .•.•..••. 562 47.3 9 
Jersey City, ll. J.. ........ . .. . : .. .'............... .. ............ .. ........... .. 115 42.5 16 
Kansas City, Mo ....... . .... . ... . ... . ....... -... .... . ...... . . ..... ... .. . . ....... 143 28.2 29 
long Beach, Ca!if........ . ... . ... .. . . .............................. ..... .. . . . . 52 13.6 47 
los Angeles, Calif ........................... .... ......... .. . . , . . .. ............. 851 30.1 25 
MilV!Juk~e. \'l ise. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 173 22.4 32 
Minneapolis, Minn. . . . . . . . .. . . . . . . . . . . . .. . . . .. . . .. . . • . . .. . . .. . .. . .. . .. .. .. . . . . 73 15.8 45 
Newark, N. J. . . . . . . • • . . . • • • . . . . . . . . . . . • . . . • . . . . . . . • . . . . . . . . . . . . . . • • . • . . • . . . . . 296 74.3 2 
New Orleans, La........ . ... . .. .. . .. . . ... ... . ..... ..... .... ... . . . . . . . . . . . . . . . . . 22~ 32.9 22 
New York, N. Y........ ... .... ... ..... .. ..... ........ .. ...... .. .. . ........... . 3,542 43 .E 15 
Norfolk, Va. . . . . . . . . . . . . • . • . . • . • • • . . • • • • . . . . . . . • . . • . . . . . • • • . • . . . . • • • . . . • . . • . . 126 40.7 19 
Oa~ land , Calif .. ... . .. : . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . 84 22.0 34 
Oklahoma City, Okla.... .. ...... . . .......... ... ... ............... .... ........... 74 i9.2 39 
Philad e l p~ia . Pa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . 942 45.1 12 
Pittsburgh, Pa. .. . ....... . ...... : ...... .. ......... . . ..... ........ ... : . . .. . .. . 253 45.6 11 
Portland, Ore. .. . . . .. . • .. .. .. . .. .. . .. . . . . .. • • . .. . . . . . . .. . . . .. . . . .. . . .. . . . . . . . "118 30.7 23 
Rochester, N. Y ....••••.••• : • • • • . • . • . . . • • . • . . . . • • • • • . • • • • . . • . . . • . • . . • • • • • • . . • . 90 29.4 26 
Sacramento, Calif. ... . ........... .. .... .. ........... ........................ ·.. 124 44.9 13 
St. louis, Mo.. .. . . . . . . . • . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 281 44.8 14 
St. Paul, Minn... . ... . .. . ...... . ......... ... . . . . .... ... . ... . . ........ . . .... . .. 62 19.8 37 
San Antonio. Te'(. . ... . . ... . .. .. . ... .... .............. . . .. .... ...... . ... . .... .. 295 42.1 17 
San Diego, Calif. . ......... ...... . .. ... . _ .. ; .:.. . . . ....... ... ...... .. ... . ... .. .. 133 19.8 38 
s~n Francisco, Calif... . .. . .. . ... . ....... . .. . . . .. .......... .. . .. ....... .... . .. .. 368 49.2 8 
San Jose. Ca1if. . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . 72 18.7 40 
Seattle, 1'/Jsh. . . . . . . . . . . . . . • . . . . . . . . • . . . . . . • . . . . . • . . . . . . . . . . . • . . . . • . . . . • . . . . . 142 24.5 31 
Tampa. FIJ . . .............. -:-: .. . ............. .... ........ . .......... . .. .. ... . 62 21.5 35 
Toledo, Ohio . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 63 16.0 44 
Tucson, Ariz. • . . . . . . . . . . . . . • . . • . . . . • . . . • . • •.• • . . . . . . . . . • • . • . . . • . . . . • . . . . • . . . . . 55 22.0 33 
Tulsa. O~la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . 63 21.3 36 
Washi ngton, D. C ..... .. .. ..... .. ...•. .. .......... . .. .. .... .. ........•.• . ,. .. . . 423 52 .4 6 
Wichita, Kans. . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . 39 13.6 48 

San Ju~~.ta~~-3 -~i~i ~~:: ::::: :::::::: :::::: ::::::::::::::: ::: : ::::::::::::::: : :~~~-----iH------: :--
------------------------- -~---1----
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DRUG THERAPY 

There have been a number of drugs other than Streptomycin, Isonia z id, and 

Para-Aminosalicylic Acid deve loped for the trea tme nt of active tube 1·culosis, mo re part ie -

ularly since the individual s may present with bacter ial insensitivity or poor tolerance to the 

big three drugs. For some years these second line drugs were used ma in ly for resi stant cases. 

However, the position is now changing, and it is as well to rev iew t·he situation briefly. 

PYRAZINAMI DE . Actually an older drug, and developed before Ison iazid. 

/ 
However despite its demonst-rable effic iency, and ability to ' ste rilize ' les ions in the gu inea 

pig, it fell into di srepute for two reasons: 

(1) INCIDENCE OF HEPATIC TOXICITY. 

(2) RAPID EMERGENCE OF BACTERIAL RESISTANCE. 

Liver tox icity was noted in 5- 10% in early studies when dosage varied up to 

200 mgm/Kgm/day. At present conventiona I and effective dosage , i e 25 mgm/Kgm/day 

(maximum dose 2.5 grams/day), tox icity is extremely rare , and is reversible. In add ition 

the drug is well tolerated. 

Because of the rapid emergence of bacterial res istcmce the dictum arose that the 

'-.... drug was ineffective after three months. However, resi stance only emerged early (within 

_three months), when the drug was given alone, unaccompanied by a second effective drug. 

To date all anti-tuberculosis drugs, when given alone, or when given in combination with 

an ineffective agent, result in rapid emergence of res istance to tha t drug. PZA is no ex-

ception, but if give n in combination with another effective drug, the n resistance does not 

emerge over long pe riods. 

- 10-



Further, in -vi tro testing for bactedal resistance to PZA is unreliable. Clin -

ically typica l human ba c illi are sensit ive , if the patient and his bacterial population ha ve 

not been exposed to the drug, a lone or unprotected, in vivo. 

PZA is an extreme ly effic ien t bactericidal age nt against human strains of myco-

bacteria when used with anothe r e ffec tive age nt. At present dosage, tox ic ity ·is ex tre me ly 

low, and the drug is we ll to lerated fo r su ff ic iently long periods . Finally, since it does spe c-

ifically inhib it di stal tubula r re-exc retion of uric acid, hype ruricemia or clini ca·l gout ma y 

arise during therapy. / 

28. Yeager, R.L., Mu nroe , W .G .C., and Dessa u, F.! . : Pyrazinamide (Aidinamide) in the 
Treatment of Pulmona ry Tuberculosis, Amer . Rev. Tuberc. 1 1952, 65, 523- 534 . 

29. McDermott, W., O rmo nd, L. , Mu sc he nheim, C., De usc hle, K. , McCu ne , R.M., 
and Tompse tt, R.; : Py ra zinamide-· Isoniaz id in Tube rculosis, Amer . Rev. Tuberc., 
1954 , 69, 319-333. 

30. Phillips, S., and Ho rto n, G.E. : Py ra z inamide -Isoniazid, Amer. Rev. Tuberc., 
1956, 73 , 704-715. 

31. Seq uentia l Use of Paired Combina tions of Isonia z id, Streptomycin, Para - Aminosalicylic 
Acid, and Pyrazinamid e . A.U.S . Public Health Se rvice Tuberculosis The rapy Trial, 
Amer . Rev. Tube rc., 1959, 80, 627-640. • 

32. Clinica l Efficacy of Combinations of Four Anti-Tuberculosi s Drugs . The Co-·Operative 
Unit in Chemothe rapy of Tuberculosis of J·he National Sonatoria of Japan, Tubercl e , 
1966, 47, 340-348. 

33. McCun e , R.M., Fe ldmann, F. M., and McDermott, W.: Characte ri sti cs of the Sterile 
State of Tubercle Ba c illi, J. Exp. Med., 1966, 123 , 445-468. 

34. Subbamma l, S., Krishnamurthy, D.V., Tripathy, S.P., and Venkataraman, P.: 
Conc entral"ions of Pyra z inamide Attained in Se rum with Diffe re nt Doses of the Drug, 
Bull. WHO . , 1968, 39, 771-774. 

35. A Controlled Comparison of Four Reg imens of Streptomycin plus Pyrazinamid e in the 
Re - Trea tment of Pulmonary Tube rcul osis . Easl/African/British Medi cal Research 
Counci l Pyrazinamide Invest igation, Tube rcle, 1969, 50 , 8 1-84 . 

36. Ella rd , G.A.: Absorption, Metaboli sm and Excretion of Pyraz inamid e in Ma n, 
Tube rcle, 1969,50, 144-158. 
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ETHIONAMID E. (l so- Ethyl Thioisonicotina mide ) This drug wa s introduced 

in 1959, and shown to be e ffect ive a ga inst INH res istant organi sms , and to e ffe cti ve ly pen-

etrate the ce re bro - spinal fl u id. 

Ethi o na mide is an acce pta bl e a nd e ffici e nt companion dru g to INH e tc , but 

at doses ove r 750 mg m a da y the incide nce of gas tric intol era nce and nausea is hi g h . A 

daily dose of 500 mg m may be inadeq ua te . Pote ntiall y tox ic to the li ver, the ev ide nce of 

this is usually only seen in alcoho li cs , or in pa ti e nts with prior live r di sease . Ra re ly ma y 

cause pe riphera l ne uriti s o r go itre . 
/ 

37. Ri st,N . , Grumba c h, F., and Li e be rma n, D . : Expe rime nts o n the Antit·uberc ul os is 
Activity of Al pha - Ethyi-Thio isonico tinamide , Ame r. Re v. Tu berc ., 1959, 79 , 1- 5. 

38. Broue t, G., Marc he , J . , Ri st, N . ,Cheva li e r, J., and Le Me ur, G. : Obse rva tions 
on the An ti-Tubercul o us Effec ti ve ness o f Al pha - Ethy i- Thi o isoni cotina mide in Tube r­
culosis in Huma ns, Ame r. Rev . Resp. Di s ., 1959, 79, 6-.19. 

39. Ridd e ll, R.W., Stewart, S . M., and Somne r, A.R.: Ethi o na mide , Brit. Med . J . , 
1960, 2, 1207-1208 . 

40. Clarke , G.B . , and O'H ea, A.J.: Chronic Pul mona ry Tube rc ul os is., Trea tme nt wit·h 
Ethionamid e Combined w ith Cycloserine or O xyte l"racyc line , Brit. Med. J., 1961, 
11 636- 638 , 

41. Pool e , G .W., and Schneewe iss , J.: Pe riphe ral N e uropa thy Du e to Ethiona mide , 
Amer. Rev. Resp. Dis., 1961, 84, 890-892 . 

42. Hughes, I.E., Smith, H., a nd Kane , P.O.: Ethio namid e: lts Passa geinto Ce re bro·· 
Spinal Flu id in Man, Lancet, 1962, 1, 616-61.7. 

43. Lee s, A.W.: Tox icit·y in N ew ly Diagnosed Ca ses of Pulmo nary Tuberculosis Tre ated 
wit·h Ethionamide, Ame r. Rev. Resp . Dis . , 1963, 88 , 347- 354 . 

44. Lees , A . .W.: Ethionamide and Stre ptomycin The rapy in Pre vi ously Untreated Cases 
of Pulmonary Tube rcul os is, Arne r. Re v . Resp. Di s. , 1963, 88 , 399-401. 

45. Lee s, A.W.: Ethionamide 750 mgm Daily plus Isonia z id 450 mgm Daily in Previous ly 
Untrea t·ed Ca ses o f Pulmonory Tube rculosis, Ame r. Rev. Resp. Dis., 1965, 91, 
966-969. 
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46 . Leeford, M.J.: The Ethionamid e Sensi ti v ity of East African Strains o f Mycobacteriu m 
Tube rc ul os is Res ista nt to Thiacetazone , Tube rc le , 1969 , 50 , 7- 13. 

ETHAMBUTOL . In ea rly tria ls of thi s drug (1961 -2), ocular tox ic i ty was dis-

turbing, bu t with a reduct io n in dosage tox icit y is vir tua ll y zero, effect ive ness is hig h, and 

tol erance exce llen t . No othe r tox ic e ffec ts noted. Presently used in a dose of 25 mgm per 

Kgm for two months , and the n 15 mgm/Kgm. Doses lower tha n thi s ma y be less effec ti ve. 

It is no t necessary to do v i sua I a ct iv ity and fie ld te sts before starting drug. The 

effects, if any , on t·he seco nd ne rve are of two types, and ore fu ll y reve rsib le on the discontin-

uance of drug. Central a x ial tox ic ity occu rs at lowe r doses , and per iax ia l at hi ghe r doses . 

Ax ial tox ic ity causes centra l scotoma and red uc tion in v isua l pe rcept ion of GREEN. 

Ethambutol is ve ry we ll to lerated, and is d isp loc ing PAS os a compan ion drug 

with INH in basic treatm e nt· reg ime ns . Comparat ive costs indicot·e that it is now reasonab le 

to do thi s . 

Leibold : Ocubr T oxicity of E:'I!B 907 

,_.,:,., ... ,....,.r'"''"'~·-· ; .. !1 'I ·· ..... ,.., .... J : ·n·.o:_ • • -:-. .. , •• ·C.z. ... .. ' ' ' ·~ ; · ? ..... , .. .~. .· .... e· -:.···-.. .,.~"'- ... i .,_. ·····-- ·v.-·;, 
)C'f.7 K.) 

. F' IGUHE 1. C omp:Hi:'OII or ~cvr rit y of :1X i:1 1 tn:.: iri l y bctwc·r·n· low d o~.:1t; l' r:rm:p~ .11\d 

h i ~~ !1 d os a:.~ r r.roup:;. 
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47. Karlson, A. G.: Therape utic Effect of Ethambutol (D ex tra 2, 2 ' Ethylene- Diimino 
- Dl - l - Butanol) on Exper ime ntal Tubercul os is in Guinea Pi gs , Amer. Rev . Re sp. 
Dis., 1961, 84,902-904 . 

48. Karlso n, A. G.: The ln-Vi!To Act iv ity of Ethambuto l Aga inst Tube rcle Bacilli and 
Othe r Mi c ro Organisms, Amer . Rev. Resp. Di s. , 1961, 84, 905-906 . 

49. Bo browitz , I.D . , and Gokulantham , K.S.: Ethambutol in Re-Treatment of Pu lmonary 
Tubercul os is, Di s . Ches t, 1965 , 48 , 239-250 . 

50. Pee ts, E.A . , Sweeney, W.M., Place , V.A., and Buyske , D.A.: The Abso rption, 
Excretion, and Metabo li c Fa te of Ethambutol in Man, Amer. Rev. Resp. Dis ., 1965 , 
95, 51 - 58. 

51. Pyle, M . M . , Pfuetze , K.H., Pe rlma n, M.D., Hu erga , J., ; md Hubbl e , R.H. : A 
Four Year Clini ca l Investigati o n of Ethambuto l in Initio! andRe-Treatment Cases of 
Tube rculosis, Amer. Rev. Resp. Dis., 1966 , 94 , 428-441. 

52. Ethambutol, Editoria l, Tuberc le , 1966, 47, 292-295. 

53. Bobrowil z , I. D.: Compa ri son of Ethambuto l - INH Versus INH-PAS in Original 
Treatmen t of Pulmonary Tubercul osis, Ann . N.Y. Acad. Sci., 1966 , 135, 921-939. 

54. Leibold, J. E.: The Ocula r Tox ici ty of Et hambutol ond its Re lation t·o Dose , Ann. 
N.Y. A cad . Sci., 1966, 135, 904-909. 

55. Bobrowitz , I. D., and Rob ins , D. E.: Ethambutol - Isoniaz id Versus PAS-I soniazid 
in Original Treatmen t of Pulmonary Tubercu losis, Amer. Rev. Resp. Di s ., 1967, 
96, 428-438 . 

56 . Pla ce , V . A., Pyle, M.M., and de La Hue rga, J.: Ethambuto l in Tube rculous 
Men ingiti s , Ame r. Rev. Resp. Di s. , 1969, 99, 783·-785. 

RIFAMYCIN - RIFAMPIN. (1957). Rifamycin was obtoined from Strepto-

myces medite rranei7 and thi s and an oxidation produce Rifamycin SV were found to be active 

·against a variety of orgon isms inc lud ing mycobacter ia. Given intravenous ly, t-h e drug was 

concentrated qu ickly in t·he liver and excre ted in the bile. A semi-synthetic de rivative, 

Rifompin (RMP), is absorbed orally and excreted s lower . 

Typical human stra ins, includirig strains resistant to INH, are susce ptible at 

0.01 -2 .0 mi c rograms/mi. Mycobocter ium kansas ii at 0.5, and some group Ill organisms 
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at 2- 5 micrograms/mi. Given before a meal, doses of 450-600 mgm orally produce blood 

levels of 16 - 32 micrograms/ml at two hours, 8- 16 at six hours, and 1 - 2 at twelve hours. 

Toxicity is very low , and tolerance is high. Natural resistance occurs quickly in all organisms, 

so the drug is unlikely to become of much value in cocca l and bacteria l infect ions . If used 

alone in human tuberculosis, resistance develops by a one step mutation in 1 x 107-8 gen-

erations, or a littl e slower than resistance deve lops against INH or Streptomycin. 

The drug is hi g hly e ffective clinically, along wil-h another drug, aga inst hu-

man tuberculosis. Experimentally in mice it is the single most effective agent, and com-

pletely sterilizes lesions in 21 weeks. Neither Rifam pin, nor INH, given alone, will com-

pletely sterilize all lesions in 12 weeks, though Rifampin has a greater effect. However , the 

drugs given togethe r will completely sterilize all les ions in 12 weeks. 

This ability to sterilize les ions may open up possibilities of clinical cure with 

less than 18 months treatment. Furt-hermore, the drug remains active against the mycobac-

teria for several cloys, after c1 relat-ively short period of exposure. Thus this agent may be 

idea lly suited, along with Ethambutol, which shares this property, for interm ittent dose regimens. 

x RH 

"'-i,-o ~~ 
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57. Bergamini , t'-1., and Foust, G.: Rifamycin S.V . , Arzneimittei - Forschung , 1965 , 
796, 951 - 1002. 

58. Cl ark , J . , a nd Wallace, A.: The Susceptibi lity of Mycobac te ria to Rifami de cmd 
Rifampic in, Tube rc le , 1967, 48 , 144-148 . 

59. Pines , A. , Raafa t , H., and Bundi, R.: The Rifamyc ins with Othe r Drugs in the Treat­
ment of Pulmonary Tube rculosis: A Report of Nine Cases , Tu berc le , 1967, 48 , 28 1- 287 . 

60. We hrli, W., Knu se l, F., Schmid, K., a nd S1·ae he li n, M.: Interaction of Rifamyci n 
with Bac te ria l RNA Polyme rase , Proc. Nat . Acad. Sci ., 1968 , 6 1, 667-673. 

61 . Verb ist, L., and Gyse le n, A.: Anti tu bercu lous Ac tivity of Rifa mpin jn Vitro a nd 
In Vivo and the Concentrations Attai ned in Huma n Blood, ~er. Rev. Resp. Dis., 
1968, 98 , 923- 932. 

62. Hobby , G. L., and Le ne rt, T . F.: The Ant imycobacte rial Act ivi ty of Rifampin, 
Ame r. · Rev . Resp. Dis., 1968 , 97, 713-714. 

63 . Gyse le n, A., Verbist, L. , Cosemans, J., Lacquet , L. M., and Vande nbe rg h, E.: 
Rifampic in and Ethambutol in theRe -Trea tmen t of Adva nced Pu lmonary Tube rcu losis, 
Arne r. Rev. Resp. Dis ., 1968 , 98 , 933-943 . 

64. Cane 1ti, G., Le lirz in, M., Rist, N., a ndGrumbach, F.: SomeComparativeAspects 
of Rifampic in and Ison iaz id, Tubercle, 1968 , 49, 367-376 . 

65. McCla tc hy, J.K., Waggoner, R.F., and Lester , W .: lnVitroSusceptibility ofMyco ­
bacteria to Rifampin, Arne r. Rev. Resp . Di s. 1 1969, 100, 234-236 . 

66. Hobby , G. L. , Lene rt, T. L. 1 and Mai e r- Enga ll ena , J. : In Vi1ro Activity of Rifa mpin 
Against the H37RV S1ra in of Mycobacte rium Tubercu los is 1 Ame r. Rev. Resp . Dis., 
19691 991 453- 456, 

67. Grumbac h, F.: Expe rimen tal 'I N- VIVO' Studies of New Anti - Tubercu los is Drugs. 
Capreomyc in, Ethambuto l, and Rifampicin, Tube rcl e , 1969 , 50, Suppl eme nt, 12-21. 

68. Grumbach , F.~ Canet ti, G. , and Le Lirz in, M . : Rifampicin in Dail y and lnter rni1tent 
Trea tme n1· of Experime nta l Murine Tube rculosis with Emphas is on Lat e Resu lts, Tubercle , 
1969 , 50 , 280-293 . 

69. Batte n, J.: Rifampicin in Treatmen't of Experimenta l Tubercul osis in Mi ce , Tuberc le , 
1969 r 50 1 294-298. 
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ANTI-TU BERCULOSIS DRUG ACT IONS. 

ISO NIAZID 
CYCLOSER INE. 
ETHAMBUTOL. 
RI FAMP ICI N . 
PYRAZ INAMIDE. 
STR EPTOMYC IN. ) 
KANAMYCIN etc.) 
ETHIONAM IDE. ) 
PAS. 

D. N. A. and ce ll intermediary metabo li sm. 
CELL WALL SYNTHESIS. 
R.N.A . 
INHI BITS D. N.A . depend en t R.N .A . po lyme rase . 
'UN KNOWN ' 

PROTE IN SYNTHES IS. 

INT ERMEDIARY METABOLISM , competes with PABA. 

COST OF ONE YEARS TREATMENT 

ISONIAZ ID 
SODIUM PAS 
NEOPA SALA TE 
TRIPAC 
ETHAMBUTO L 
ETHIONAMIDE 
PYRAZINAM IDE 
INH +ETHAMBUTOL 
STREPTOMYC IN 
KANAMYC IN 
VIOMYCIN 
RIFAMPICIN 

) 

( 1 00 mgm T. I. D.) 
(15 GM/day) 
(1 2 GM/day) 
(INH+ PAS T.I.D. ) 
(400 mgrn B. I. D.) 
(250 mgm T. I. D.) 
(500 mgm T. I. D.) 

- 17 -

Dolla rs Cents 
--1 "'(;'()" 

33 00 
67 00 

106 92 
68 00 

180 00 
138 00 

70 00 
60 00 

1230 00 
507 00 

ASTRONOM ICAL. 
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OUT -PATIENT INTERMITT E~T CH EMOTHERAPY 

A number of factors ha ve led to trial s of intermi t te nt dose regimens in the 

treatme nt of pulmonary tube rculosis . 

( 1) A number of studies, using ' spo t' urine tests, home checks and pi II 

counts have shown that only 60 - 70% of patients take their medicines 

as prescribed, and that many patients miss !up to 40- 50% of their doses. 

Yet, despite thi s, 90-98% of pa ti ents do we ll and achieve a stable 

and inactive status. 

(2) Social 'mores ' no longe r accept or requ ire the prol onged physical de­

tention of the co-operative or of the reca I c i trant patient. 

(3) The cost or prolong ed hospital and daily drug the ropy is becoming ex­

pensive for t·he afflu e nt, and is prohibitive for the less wea lthy , where 

most of the probl e m remains. In any event modern drug therapy does 

not require prolonged hospital core. 

(4) Animal experiments ha ve shown tha t inte rmittent chemo therapy pro­

duces acceptable results, and that certain drugs ma y be even mo re 

effect·ive given in this way . 

As yet, interm itte nt reg ime ns have not bee n shown to produce as effective long 

term control of the di sease as have daily regime ns, and short term results are enhonced by a 

preliminary 8 - 12 week period of do ily the rapy. 

At least the future holds the prospect of short periods of hospi ta I care , fo I lowed 

by supe rvised inte rmitte nt chemothe rapy, perhaps for periods less than a year and a half. How­

eve r, intermittent regimens are c lea rly more fragil e in certoin respe cts, and fast inadivators 
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of Ison iazid do less wel l than s low inactivators. 

The greater th e interval between doses, foll ow ing exposure of organisms to 

drug, the less the effec t of the drug on the organisms. Exposure time is important as is the 

interval between doses. In both re spec ts SM is th e most e fficient potenlia l intermitten t 

agent , be ing effect ive for upwa rds of eight days after less than 24 hou rs exposure . Isoniaz id, 

to be effective , requ ires 24 hou rs exposure , and rapid ly looses efficiency if inte rva ls between 

doses is greater t·ha n th ree days. Thu s, su itabil ity of drug -ror intermitten t chemotherapy de-

pends primari ly on leng t h of time bacteria l mu ltiplicat ion is inhibited after exposure to it. 

If growth not suppressed be tween doses , the re may be a rapid emergence of resistance . 

. Ethiomamide, experimentally, oppea rs moderate ly su itable. Ethambutol, how-

ever appea rs to increase in effici e ncy if the inte rval be twee n doses is increased to two or t·hree 

days. Intermittent short exposure to high dose being more effec ti ve than pro longed contact 

with lower concenlrations. 

A number of studies have now been undertaken of interm ittent chemotherapy 

regimens (main ly using SM with 11'-IH), and re sults have been very favourable in all but two 

of these studies, that of Fridmodt- Moler in Rural India , and that of Burzoni in Morocco. 

The Madras trial has reported on o four year follow up of 11 9 pat ien ts who had bc1ct·er!o log-

ically quiescent di sease at the end of a year o f chemotherapy with either a fully supe rvised 

twi ce-week ly regimen of INH + SM (66 patients) or a standard se lf administered daily regimen 

of IN H + PAS (5~ patients). 

PATIENtS WITH BACTERIOLO G IC RELAPSE 
TOTAL YEAR OF RELAPSE 

SERIES PATIENTS No:--o/;--- 2nd . 3rd. ~th~-·- 5th. 

SHTW 66 8 12 3 3 
PH 52 8 15 3 3 
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Follow up experience was the sCilme in both treatme nt groups . Treatment was 

only for one year, w hi c h may not be suffici ent- actual relapse rates are rather hi gh , but 

similar, indi cating on identity between Inte rmitte nt Supe rvi sed, and Unsupervised Daily 

reg imens . 

in ferred: 

From these and other exper ie nces certain pre li minary concu lsuions may be 

(l) Effici e nt Inte rmittent Chemotherapy regime ns are of great value in 

treating the reca lc itrant patient, and may bec ome of greater effi­

ci ency , and so be suit·able for al l cases. 

(2) At· the present time al l inte rmittent regimens should be preceed ed by 

a period , probab ly 12 we eks, of effic ie nt daily therapy, by which 

time all cases shou ld be bacterio logically negative. 

(3) The Intermittent Regimen should be ma intained for 1- l/2 yea rs, and 

at thi s time should be one of SM/INH or possibly SM/Ethambutol, 

provided toxicity is more c lose ly re lated to mean dose, rather than 

to the size of the individual doses. 

(4) The tota l weekly dose of a drug in an Int e rmittent Regimen needs to 

approach the weekly dose tota l shown to be effective for that drug if 

give n daily. 

ie . doily INH 4 mgm/Kgm. 

doily SM 10 mgm/Kgm. 

- 2 1 -
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BIW 

15 mgm/Kgm. 

30 mgm/Kgm. 

BIW 
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82. Poo le, G., and Stradli ng , P.: Interm itte nt Che mo the rapy for Tube rcu los is in an Urban 
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83. Ra makrishnon, C.V ., Devadatta, S . , Eva ns, C., Sambomoorl" hy , S. , Sto tt, H . , 
Tripalhy , S. P . , and Velu, S.: A Four Yea r Foll ow Up of Pa ti e nts w ith Qu iescent 
Pulmonary Tube rculosis a! the End of a Year of Che mot heropy w ith Tw ice-Week ly 
Iso ni az id Plu s Streptomycin o r Da ily Ison iaz id Plus PAS , Tube rc le , 1969, 50, 11 5- 124 . 
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URI~.,J E TES TS FOR TBc DRUGS 

AC ETY LI SONAZID TEST . 

Solui"ion A. 10% KCN in di still ed wate r . 
B. 10% Chl o ra mine-T (Ea stman -Kodak) in di st·ill ed water. 

Fo ur drops urine , four of A and 10 of B suc cess ive ly in sma ll r· rce lain we ll. 
Positive.;.. Red. 
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PARA-AMII'-IOSALICYLIC ACID. 

(1) 2 ml urin e , 6 drops fresh Fe rric Chloride so luti on. Tu rns purp le in 
presence of PAS or AS PAR IN. 

(2) PHENISTI X paper. Turns red-brown in presence of PAS, SALlCY LATE S, 
and PH ENOTHI AZ INES. 

PYRAZINAMIDE. 

ACETEST tabl e t on white til e , add one drop of urine. Turns pink within 
2- 10 minutes. 

ETHIOAMID E. See reference Eidus and Harnanans ing h, 1968. 

ETHAMBUTOL. 

Bromthymol blue and benzene extract ion . (Leder le Laborato ries , Medica l 
Communi cat ion Depa rt·men t.) 

RIFAMPIN . 

Drug and metabo liti es are chromogens, which can be ex tracted with 
chloroform. 

85. Eidus, L., and Hamilton, E . .J . : A New Method for the De t·errninati on of N -Ace tyl 
Isoniazid in Urine of Ambulatory Patients, Amer. Rev. Resp. Dis . , 1964, 89, 587-588 . 

86. Eidus,. L., and Hamilton, E.J.: Be lles- Littlemcm Filt e r Paper Spot Test, Amer. Rev. 
Resp. Dis., 1968, 97, 722-724 . 

87. Simpson, J .M.: The De tection of Urina ry Para-Aminosalicy li c Acic wit-h ' :' he nistix' 
Reagent Strips , Tubercle, 1961, 42 ,107- 109 . 

88. Pines, A., and Richardson, R.J.: A Simple Test fo r the Detection of Pyrazinamide in 
the Urine , Tubercle, 1964, 45, 166- 168 . 

89 . Eidus, L., and Harnanansingh, M.T.A.: A Urine Test for Control of Ing estion of 
Ethionamide , Amer . Rev. Resp . Dis., 1968, 98 , 318- 319. 

90. Eidus, L., and Harnanansingh, M . T .A . : Simple Proceedures for Checking Rifampin 
in Uri ne, Amer. Rev. Resp. Di s., 1969, 100, 738-739. 
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STEROIDS AND TUBERCULOS IS . 

Since the work of Lur ie in rabbits, there has been a good deal o f exper ime nta l 

evidence that g lu cocorticoids reduce na ti ve resistance to tube rculosis and ot he 1 in fec tions . 

Although the organ isms do no t mu lti p ly faster in the mononuc le ar c e ll s , stero id s all ow mo re 

c e ll inju ry from ' bac te ri a l' cytotox ins. Cl inica ll y it is no t common to see ' spread ' of in-· 

active di sease in pat ients on ste roids, ne ve rl"h e less the ri sk is suffici en t lo warrant cerlain 

precautions: 

(1) Known positive sk in ;eoctors (P.P.D. Intermediate grea ter than 

9 mm) p laced on stero ids sho uld rece ive Iso n iaz id 100 mgrn t. i .d . 

(2) Pati ents w ith lymphoma, le ukemia , or mye lo-pro li ferative d isease 

placed o n ste roids or ant i - metabo li ti e s shou ld also rece ive Iso n iaz id, 

rega rdl ess o f the status of th e sk in tes t . 

There are of course other times w he n Ison iaz id chemoprophy la x is should be 

give n, and t hou g h we are not spec ifi ca ll y conce rned at this t ime, it might be as we ll lo l ist 

the indi ca ti ons: 

(1) INA CT IVE TUBERCULOSIS. Previously untrea ted, and prese ntly 

sputum negative. 

(2) CONTACTS OF NEVv' ACT IVE CASES. If negative by sputum but 

positive by sk in tes t . 

(3) KNOWN SKIN TEST CONVERTORS. 

(4 ) MEASLES OR PERTU SS IS IN SK IN TEST POSITIVE CHILDREN . 

(5) PREGNANCY. If e vide nc e of inactive , untreated disease . 
.., . 
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(6) POSITIVE REACTORS. 

(a) Post-Gastrec tomy. 

(b) Diabe tic. 

(c) Silicosis . 

A nu mber of tria ls have been undertaken o f the effect of ste roids in the trea t -

ment of active pulmonary tube rc ul os is , and severa l conclusions may be made : 

LON G TERM EFFECTS. 

There is no ev idence that steroids in combinat ion w ith tuberculosis chemo­
/ 

the rapy affects the long term resu lt, e ither functional ly or radiographically. 

Pat ient s treated with ste ro ids do have a marked ear ly .subjective improvement , 

and radi ograph ic reso luti o n is e nhanced at three months , but not at six months. 

S HO RT TERM Er:FECTS. 

Systemic symptoms of tubercu los is, such as feve r, anorex ia , anem ia , and 

'toxaemia' are immediate ly ame liora ted by ste roids. In particular this is true 

of pa inful les ions , such as oro·-pharyngea l or ano-recta l ulcers , which rnay 

enab le a pa ti e nt l·o surv ive long e nough fo r drug thera py to be e ffect ive, and 

certainly o n occas ions, more cor;;o;·t·ab ly . 

Steroids w ill- not a ll ow a ll patients to su rv ive . Sev e rl y ill pati en ts w it h very far 

advanced disease w ill st ill die, often of resp iratory fa ilu re. Seve rl y ill patients w ith mod e rate ly 

advan ced disease shou ld surv ive , and in ce rtain c ircumsta nces stero ids rnay improve the out look. 
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STEROIDS IN TUBERC ULO US SEROSITIS. 

A. PL EURA L EFFUSION. 

Early observations re vea led that tu bercu lous pleura l effusion was fo ll owed by 

active pulmona ry tubercul os is in 30% of pa ti ents , over a fi ve year follow up . Thi s break-

down rate was NOT a ltered by treatment with bed re st, but was reduced l'o less t·han 5% with 

one year of a suitab le two drug regimen. However, drug the rapy , whilst it did dec reme the 

duration of the feve r, did not· e nhance the rate of re so lution of t he fluid, nor did it offect the 

exte r;t of res idual pl e ura l thick en ing . Similarly, removing as much fluid as poss ibl e by thora -

ce ntes is, a:1d f') peati"1Q the proceedure as f luid re-co ll ected did not affect the duration of the 

e ffu sion, or the result, as judged radiographically. 

The concom itant use of steroids (sys temica lly or intra - pleurally) with drug the rapy 

is a vexed question. There are virtua ll y no de finitive studi es , and at least in the so ca ll ed 

' deve lo ped ' countr ies , the in c idence of tube rcu lous p leu ra l e ffusion is dwindling fa st. It is 
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difficult c,lso to ana lyze some studies as the series may inc lude a fairly hig h pe rc e ntage of 

bacteriol og ica ll y unproven cases _ N ever t-he less it is obundantly c lear from the dat·a a va il -

abl e that sys tem ic stero id therapy , and poss ib ly intra -p le ura l insti ll at ion of steroids at the 

initia l thorace nt-es is, has a remarkab le dfect. 

(1) The effusion reso lves in an ove rag e of four weeks , agains t 8- 12 

weeks withou t ste roid s . 

(2) Fever , and subjective symptoms reso lve almos t at once. 

(3) The re is a marked redu ctilon in residua l radio log ica l abnorma lity . 

Thus, morb idity ca n be reduced, hosp ital stay s horte~1ed , and a return to wo rk 

on chemo the rapy advanced . 

TBc EFFUSI ONS: HYDROCORTISONE and CON TRO L GROUPS 

HYD ROCOR TI SO NE 
COl'-ITROL 

Mathu.retciTT960 __________ _ 

ABSORPT ION OF FLUID 

No. Striking Good Fai r Poor 

25 
25 

18 
0 

3 
2 

2 
7 

2 
16 

The re are arguments against the use o f ste ro id s. Some pati e nts fai I to appre-

~ 

ciate the necess ity of tak ing two ant·i ··tuberculos is drugs for at least one year, and a ft e r a 

bri ef iII ness accompa nied by t he sense of we ll be ing imparted by ste ro id s, thi s necess ity ma y 

be even hard e r to acce pt. 

Fina lly, it has been shown in c hildre n that ste roids have no be ne ficial e ffect 

on pulmonary funct io n afte r the effusion , and in fa ct it was conc luded tha t tube rculosi s ef-
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fusion in childhood does not impa ir the ventilo- respiratory fun c ti on of the lung . 

There is no simi lar data in adu lts, and wh il st one might surmise thot the ultimate 

pulmonary functi on would be improved the re is no proof yet tho t this is so. 

In conclus ion , it wou ld appear tha t whi lst primary uncomp li cated tuberc ulous 

effusion req uires two " effective" drugs for a minimum of one yea r, that the use of ste roids ini-

tially is optiona l, and poss ibly 'harmfu l'. C e rtainly it is impo rtant t·o keep the patient a c tive 

and encourag e dee p breathing exe rc ises , wh ich ma y be as impo rta nt in maintaining venti Ia tory 

function as any other fa ctor. 
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111.Acheson, R. M.: Tube rcul ous Po lyserositis , Quar t . J . Med. , 1956 , 25, 159- 174. 

112 . Pines, A.: The Results of Che mothe rapy in the Trea tment of Tube rculous Pl eura l 
Effusions, Brit . Med . .J., 1957,2,863- 865. 

113. Forgoes, P.: The Treatmen t of Tuberculous Pl e urisy , Thorax , 1957, 12, 344-351. 

114. Emerson, P. A. : Tuberculou s Pl eu ra I Effusions Trea ted by Anti bacteria I The ropy, 
Lancet , 1957, 2, 674-676 . 

115.Aspin , J., and O'Horo, H. : Steroid Treated Tuberculous Pl eura l Effusions, Brit . 
J. Di s. Chest., 1958 ,52 , 81 -·83. 

116.Paley, S.S., Mihaly, J.P., Mai s, E.L., Gittens, S.A., and Lupini, B.: Prednisone 
in the Treohnent of Tuberculou s Pl e ural Effusions, Ame r . Rev . Tuberc ., 1959 , 79 , 
307-314. 

117.Fieishman, S.J. , Coel·zee , A.M., Minde l, S., Beyak, .J . , Licht·er, A.l., and 
Kerrich, J. E : .t-.:.:; ' ube rculous Therapy Combined with Adre nal Steroids in the Treat­
ment of Pl e lnal Effusions, Lanc e t, 1960, 1, 199-201. 

118.Mathu~, K.S., Prasad, R., and Mathur, J.S.: Intrap le ural Hydrocorti sone in Tuberculous 
Pleuwl Effusion, Tube rcle, 1960 , 41, 358-362. 

119. Patiala, J., and Mattilo, M.: Effect of C he mothe rapy of Ex udative Tube rculous 
Pleurisy, Acta Tube rc . e t· Pulrn. Scand. , 1964, 44, 290-296 . 

- 30-



, 

120 .Me non , N.K.: Ste roi d The rapy in Tubercu lous Pl eu ral Effus ion , Tube rcle, 1964 , 
45, 17- 20. 

121 .Mothur , K. S., Mathur, J . S. , ondSopru , R.P .: TreatmentofTuberculousP ieura l 
Effusion with Loca l Hydroco rti sone , Di s. Chest·, 1965 , 47, 83 - 87 . 

122.Myers, J .A. : Tubercu lous Pleur isy with Effus ion , Arc h. Intern . Med ., 1965 , 96 , 
191 - 201 . 

123 . Leck ie , W. J . , and Tothi II, P. : A lbumi n Turnove r in Pl eura l Effus ions , Clin. Sci ., 
1965, 291 339-352, 

124.Arring1on, C.W., Hawk ins, J .A ., Riche rt , J.H., and Hopema n, A.R.: /v'lanage ment 
of Undiagnosed Ple ura l Effus ions in Pos itve Tubercul in Reactors, Amer . Rev. Resp. 
Dis., 1966 , 93, 587-593. 

125. Therapy of Pleural Effusion. A Statement by the Comm ittee on Thera py of the Amer ican 
Thora c ic Soc ie ty , Amer. Rev . Resp. Dis. , /1968, 97, 4 79-483 . 

B. PER ICA RDIA L EFFUSION. 

Tubercul ous pe ri cardia ! effus ion untreated wi II proceed 1o constri c ti ve peri cor-

diti s a nd death in around 80% of cases . Since the advent of drug the rapy the inc idence o f co n-

striction has fall e n to 40% , and is probab ly less in instances whc::re trea tmen t hos been inst i -

tute d ve ry ea rly. 

There is a rather SjXlrse literature perta ini ng to t he point, but such ev ide nce as 

the re is s trongly sugges ts that lhe add i tion of stero id the rapy probob ly fu rthe r ha lves the inc i-

dence of 'chronic' co nst riction. Ce rtainly in ear ly cases the re is a rapid reso lut·ion of the fluid, 

and prac l'i cally no seque~ae . If the flu id is very turbid, o r the situation is one of per icardia ! 

tuberculous e mpyema , the n steroids have less effec t. If at pericardia! b iopsy !he re is ev i-

de nce of thickened pleu ra or o f cons tri cti on, the n pe ricardiectomy should be done a 1· the time . 

Simila rly 1 pericard iec tomy shou ld be done during fo ll ow up any time the re is ev ide nce of con-

stricl'ion. The on ly except ion to thi s is a lone rise in jugu lar venous pressure, w itho ut other 

clin ica l signs of constriction, when a week or so of observa ti on is pe rmi ss ib le , since on oc-
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casions the rise in jugula r venous pressure may abate. 

The resu Its of peri cordi ectomy have improved si nee the advent of drug therapy. 

RESULTS OF SURGERY FOR CONSTRICTIVE PERICARDITIS. 

MORTALITY 
AUTHOR NO. IMMEDIATE LATE TOTAL 

Evans 1952 :<o 1 4 5 15% 
Cooley 1958 72 14 13 27 37 .5% 
Johansson 1959 50 6 1 7 14.0% 
Maim 1963 15 2 3 5 33.3% 
Blakemore 1960 28 3 ? ? 3 10.7% 
Effler 1961 26 2 7 9 34 . 5% 
Glenn 1962 33 2 13 15 45 .5% 
Porta I 1966 56 I 2 2 4 7% 
Daye··, 1967 22 1 2 9% 

126.Andrews, G.W .S. , Pickering, G.W. , and Se ll ors , T.H.: The Etiology of Constrictive 
Peri carditis , with Special Reference t·o Tuberculous Pericarditis, Tog ether with a Note 
on Po lyserositis , Quart. J. Med., 1948, 48, 291-320. 

127.Johnson, R.P., and Bercu, B.A . : St-reptomyc in in the Treatment of Tuberculous Pericorditis, 
Report of Three Cases, Arner. Rev. Tube rc ., 1949, 59, 658--663. 

128.GoyeHe , E. M.: The Treatment of Tuberculous Pericarditis, Progr . Ca~diov. Dis . , 
1 9601 31 141 - 143, 

129.Hageman , J.H . , D'Esopo, N.D.D., and Glenn , W.W.L.: Tubercu los isof t·he 
Pericardium. A Long Term Ana lys is of Forty - Seven Proven Cases, New Eng. J. Med., 
1964, 270, 327-332 . 

130.Dayem, M.K.A., Wasfie , F. M., Bentoii,H.H., Goodw in, J.F., and Cle lond , W.P.: 
lnvestigol"ion and treatment of Constrictive Pericarditis, Thorax , 1967, 22, 242-252 . 

131. Varma , B. N ., and Morri son Smith, J.: Tuberculous Pe ricard itis. A Rev iew of 17 
Recent Cases, Tubercle, 1967, 48 , 160- 162. 

C. PERITONE/'L EFFUSIOI'-1. 

There is very littl e data on the use of steroids in tuberculous peritonitis , 

though probably one can extrapo late from the resu lts in tuberc·ulous pleural effus ion. A recent 
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article, however , indicates tha t steroids he lp to reduce the incidence of intestinal obstruc-

tion during follow up . 

132 .Burrow, D.W . : Tube rc ulous Peritoniti s, Southern Med. J., 1943 , 36,646-650. 

133.Burack , W.R., and Hollister , R.M. : Tube rculous Peritonitis, Amer. J . Med. , 
1960, 28, 510-523. 

134 . Johnston, F. F., and Sanford, J.P.: Tube rculous Peri ton itis , Ann. In tern. Med ., 
1961, 54 , 1125- 11 33. 

135 . Levine , H.: Need le Biopsy Diagnos is of Tubercu lous Per iton iti s, Amer. Rev. Resp. 
Dis., 1968, 97, 889-894. 

136 .Singh, M.M. Bhargara , A.N., ond Jain, K.P.: Tuberc ulous Peritonitis, 
New Eng . J. Med., 1969, 28 1, 1091-)094. 

TUBERCULOUS MEN INGITIS . 

The out look in t·uberculous meningiti s hos steadi ly improved over the years 

since the advent of drug t-herapy . 

SURVIVAL RATES. 

1947-52 SM and PAS 309. 60% Su rv ived. 

1952-53 SM, PAS, and Isoniazid 112 . 88% Survived. 

Mortality is highest in infonts, and in those with stage three disease. 

CLINICAL GRADES MRC (1948). 

1. FULLY CONSCIOUS. NO C. N. S. SIGNS . 

2. !'-I EITHER 1 OR 3. 

3. DEEP COMA - INACCESSIBLE. 
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Since the introd uc t ion o f Ison iaz id there has been no good indi cat io n for the 

use o f intro thecal Sire ptomyci n, a nd the dai ly intra--muscu la r dose ca n be ke pt a t le ve ls tha t 

rare ly lead to ototoxicity , ie 10 - 15 mgm/Kgm/ day. 

Despite the enthusiasm o f t he O xfo rd group for intratheca l tubercu lin, this is 

not shared by othe r workers , and no r is there prese nt ly any rema ining enthusiasm for the intra-

theca l use of fib rino ly t ic age nts in impe nd ing C . S . F. b lock . 

Indeed t he preva ili ng consensus of opinion is to use syste mic ste ro ids in a ll 111 -

font s, in empend ing b lock in o lder age groups , and in c li nica l stage 3 disease. Neuro-

surg ica l d rai nage may still be requ ired desp ite steroid s, particu lar ly in case di agnosed la te in 
I 

the course Of the d isaase . The O x fo rd group do ag ree , howeve r, t_ha t ste ro ids a re ind ica ted in 

the face of (1) cerebra l edemo , (2) hype rpyrex ia , and (3) c i rcu lat o ry fa ilu re. 

137. Strep tomycin Treatme nt of Tu be rc ulous Men ingit is . Stre ptomyc in in Tuberc ul os is 
Trial s Comm il"tee , Me di ca l Resea rc h Counci l , Lancel , 1948 , 1, .'582-596 . 
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Assoc , 1950 , 144 , ?.2 - 96 . 
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INDI CATIONS FOR USE OF STEROIDS IN TUBERCULOS IS. 

(1) Severe system ic symptoms whi c h pre judi ce surv ival in the face of 

treatabl e di sease. 

(2) Seve re dru g hype rse nsiti v i ty, but combined wi th suitab le and effe cti ve 

alternat·ive drug thempy . 

(3) Tuberc ul ous Men ingiti s in a ll infants , and in stage 3 (and poss ibly 

stage 2) di sease in old e r child ren and crdul ts. 

(4) Tube rcu lous Perica rditi s . 

LESSER IN D!CAT I OI~ S. 

(5) Tube rcu lous pleural and per itonea l effusio ns. 

(6) During essential d rug desensiti sation. Rare ly necessary , ond lwo 

othe r e ffec l'ive d rugs must be g iven conc urre nt ly. 
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In Tu bercul o us Me ning iti s ste ro id s should be g ive n, if ind icated , unti I the 

C.S. F. protein is less tha n 40 mgm % . Initi a l dose would be 40 mgrn dai ly of Predn isil o ne 

or equivalent, and ma in tenance dose 20 mgm dai ly. For d rug dese nsit isat io n the maintenance 

dose should be sufficient to su ppress symptoms over a 4- 6 week course of dese nsit isat io n . In 

the rema ining situat ions ste ro id s may be g ive n for 4- 8 weeks , with an initial dose of pred­

ni sil one of 40 - 60 mg m a day , or equ iva len1·, and decreas ing in success ive step wise fa shi on 

throughout the course. 
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