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OBSERVATION$ CONCERNING 

THE USE OF 

BCG 

Byton V. Toot 

Submitted in Partial Fulfilment for the Degree of 
Doctd1r of' Medic 1ne 

C�llege of Medicine, University of Nehraska 

Febr1ary 1, 1967 

Omaha, Nebraska 



Donald H. Pitch• M.D •• Chairman 
Senior Theais Coaaittae 

Ile: Senior thuia. Byron V. Toot 

Dear Doctor Pitch: 

Encloaed with thia letter please find the original aenior theaia 
of atudent Byron v. Toot entitled "Obaervationa Concerntn1 the Uae of BCG". 

I have acted as adviaor for aenior student Toot in his consideration 
of BCG vaccine and ite potential uae uong medical and par ... dical peraonnel. 
Mr. Toot baa done considerable reading on this aubject and on your 
perusal of the theais you will see that be hu done conaiderable individual 
thought concernina thia utter. I believe thie ia a creditable job and 
I find the foraat and the data contained ac�eptable to me. The views the 
student bu reached concerning the uee of BCG vaccine are not necessarily 
.., own; howner. I believe the student baa aound yule� the opinicma 
ha baa givea in his paper. 

HWHcF/llr 

B. V. McFadden• Jr., H.D.
Profeaaor and Chairman
DepartMnt of Medical Microbiology



I. Forewli.rd

II. Introduction

III. Clinical Investigation
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FOREWARD 

This paper is not in�ended to be a eomprehensive review

of available literature as one 'llight expect from its title. 

Rather, it is an attempt to correlate the inforna tion found 

in the literature with the current state of tuberculesis 

vaccination and skin testing among medical and nursing stu

dents at the University of Nebraska College of Medicine. 

The impetus for this study was the result of a strong 

but transient interest in BCG vaccination by the graduating 

class of 1967. In my opinion, this interest was the result 

of courses in Preventive Medicine and Public Health taught 

bJ Dr. Carl J. Potthoff, then-Professor and Chairman of that 

departm9nt. Although neve� strongly advocating its use, he 

presented enough stimulus to our curiosity that a small group 

within the class asked the Student Health physician for BCG 

vaccinations at our own eX])ense. This •small group' eventu. 

ally grew to number approx.imatel� one-half the class. 

Through tbs further cooperat ion of Dr. Haskell Morris 

and Mrs. Laurine Burke, R.N., of the Student Health depart

ment, I have been able to �xtract from their records the re

sults of Mantoux testing anong the medical students of the 

last ten graduating classes, as well as the same information 

concerning the School of Nursing. Unfortunately, not all re. 

cords were complete so that some 'classes' consisted of fewer 

students that were actuall� graduated in that year. Other 



obvious reasons for varieb lity 1Jere ~.lso noted, such a drop

outs, graduate students, transfer students, et cetera. 

Among the smaller licenses: have taken with this paper, 

I have also claimed a larg r one-~- I have reserved the right 

to add my~ oninion to tr-at of the others from time to time. 

I thank Dr. Harry W. !cFadden, Professor and Chairman of 

the Microbiology department, for his patient counseling and 

guidance in the preparatioI of this paper. I would also like 

to acknowledge Dr. Carl Potthoff ·for his interest and for 

sharing his opinions and v~ews with me. 

B. V. T. 



I N T R C D U C T I O N 

The history f Ben vaccine s rather short b t shrouded 

in cont nuing controversy. 
~ 

The Bacillus Calmette-Guerin 

1 ving, attenuated, bovine strain of tubercle bacill s. 

This strain Ta first solated ir Paris as a very virulent 

organism for animals and tben attenuated by serial passage 

in rtif cial media for a _eriod of thirteen years. 
~ 

By 1921, Cal~ette and Guerin were satisfied that they 

had produced an attenuated bacillus, but they delayed the 

announcement and the distr bution of cultures to othe r lab-

oratories until about 1924 Dur ng the period from 1921 to 

1928, large nu.,~bers of exp~riments were conducted to try to 

cause reversion of this attenuated bacillus to its original 

virulent ch racteristics. All attempts in this direction 

failed. 

In 1930 the vaccine r ceived a setback from which it has 

rever fully recovered: Tw hundred and fourty chi dren re

ceived it as an ~rally ad.ministered vaccine and seventy-two of 

them died. A full-scale nvestigatioh revealed t~at the BCG 

strain was not the cause. A contaminating strain in the ad

ministered culture was po itively identified by growth and 

color-producing character sties. 

In read ng the lite ature, it seems improper to speak of 



a single BCG vaccine, but rathAr to consider them as a group 

of vaccines, hav ng varying degrees of virulence and invasive

ness. Therefore, the literature may show that in Scandinavia, 

a BCG vaccine produced a certain amount of hypersensitivity 

and a certain amount of immunity but it is virtually impossible 

to duplicate their results In this country there are several 

sources of BCG vaccine tha a laboratory may acquire or a physi

cian may use. The one most commonly used is prepared in Chi

cago by the Tuberculosis R~search Institute. However, a strain 

is also produced in Philadelphia which is different from the 

Chicago strain, and in Canada two strains are available, one 

from the Connaught Laboratories in Toronto and one from the 

University of Montreal. 

The strain that is preparea in Chicago is probably as pure 

and reliable a strain as one can obtain. This depends on the 

fact that the cultures are not m de by transferring from one 

culture medium to another. Rather, a mother strain has been 

prepared and then a large uantity of it freeze-dried and 

stored in the frozen state. Eac~ new batch of BCG vaccine is 

cultured from this lyophilized, frozen strain. 

The use of BCG vaccine has been worldwide , especially 

finding favor in Europe. ~ore recently, workers in India and 

Africa have begun mass imrn~nization programs in an attempt to 

reduce the morbidity and ~ortality rates from tuberculosis, 

especially in infants. Here in the United States, its use has 

been more slowly adopted. Twenty years ago, the United States 



Public Health Service called together an advisory group when 

European nations were qdo ting nass BCG vaccinations as nart 

of tuberculosis control n.,...ograms. That 19L~6 panel re commended 

against BCG use in the Un ted States until large-scale con

trolled trials were condu ted. USPHS advisory groups since 

t½en have urged that BCG accin- tion be limited to s.ecial 

groups. The National Tuberculosis Association, the American 

T11.oracic Society, the Ame ican l edical ~\ssociation, and the 

USPHS are in favor of BCG vaccination for: 

1. Children living in areas where the incidence of tu

berculosis among young people is high; 

2. Professional anc other persons whose work involves 

a high risk of exposure; 

3. Members of households unavoidably exposed to in

fectious cases in the home, and 

4. Inmates and pers nnel of institutions in 1hich tu-

berculosis i fo~nd to be nresent. 

These limitations express the ca~tion felt in this country to

ward BCG vaccination. Altiough I ~ust agree to the use of 

such caution, exnecially i"l light of the apparently conflicting 

results in the literature, I can>1ot agree ·with the slowness 

w~th w~ich we have progres ed in planning and especially sup-

orting large-scale trials. 

Early workers ~ere no~ able to provide enough controls 

to their studies to convince the general medical population 

of the advantages of BCG. However, through increasing govern-



mental interest of the Sc ndanavian countries as well as that 

of Great Britain, large-scale trials were begun. In 1956 a 

committee of the Medical qesearch Council of Great Britain re

_orted on the early resulvs of a carefully controlled clinical 

trial of vaccines in the revention of tuberculosis a~ong ad

olescsnts (ages 14½ - 15) in ur~an industrial areas. nf this 

grou , fourty percent wr->r alre2dy tuberculin-positive before 

the trial. The use of BCC vacc ne resulted in a reduction of 

eighty-two percent in inc1dence of disease in the first two 

end one-half years of fol ow-up study. 20 This study i con

sidered to be the majors D".)ortive wor~ by t~ose in favor o 

the use of BCG vaccine. 

Anparently prompted by this study, investigators in the 

USPHS ublished in 10.58 the results of two separate con,nunity 

t~ials in thi~ country.15 One toJk place in Puerto Rico where 

children between the ages ~f one and eighteen were vacc nated 

with BCG. The other trial included two counties, one each in 

3-eorgia and Alabama., which were chosen because " they were re

presentative of many corn..~u1 t es in this country which had 

the same problem". A tota~ of a'1uroximtely two hundred f fty

thousand ueople were inclu ed in these studies with follow-up 

observations being made for the rext six to seven years ~fter 

vaccination. Their result show that there was actually a 

low incidence, and that th~s was falling to a level of hardly 

~0re than one new 1 positiv I per one thou an po ulation ~er 

ye-ar. The risk of becomin an active case was also found to 

be much greqter for those O ith pcsitive s~in tests than those 



who were in tially re gath e. .Tr.ey concluded, therefore., 

that., even with the use of BCG, no more than a ten p13rcent 

reduction in incidence cold have been accomplished while 

the use of the s{in test e a screening tool ould be sec

rificed. This would prevent the early use of chemotherapy 

in those who might have been in the ' positive ' grouu and 

theref::>re those who apna:"'ently rave the gri=>.a.test risk of 

active disease. Like othPrs, trey believe tbat t~e low in

fection ~ates are a direct result of succ~ssful ap~lication 

0f other method of contrcl---case-finding, isolation, and 

treatment. As could be articip ted., this report serves as 

the main argument of those ag~inst BOG, especially since it 

was done here in the United States. 

An editorial in the British Medical Journa1 22 uoints 

out that, in the case of the United ~tates where the conver

sion ~ate is low, the tubPrculin test is likely to become of 

::.ncreasing ir.lportance as 8:1 indicator of natural infection. 

It may come to be '1sed no so mt...ch to identify negative re-

ctors nreparat ry to vacrination as for the detection of those 

who are nositive as a res lt of natural infection and thus 

may requ ire 11eriodic x-ra.;r examinations or chemoprophylaxis. 

It is interesting th t Rosenthal and his workersl6,17.,18 

are not given as much we irht among the medical corn.rnunity as 

might be oossible. Altho gh hi~ efforts have been among the 

most e arly and, unfortuna ,ely, oorly controlled, I feel his 

enthusiasm has repressed his acce tance rather thqn his ef

forts themselves. One of his b~oadest trials16used a series 



of one thousand seven hund ed siJ1 teen BC .,.-vaccinated and one 

thousand six hundreds xty five nonvaccinated infant, all 

born at the Cook County Hocpital in Chicago between February, 

1937 and Februar>y, 1948. hey WPre followed until February, 

1960(twenty-three years). Among the vaccinated there were a 

total of seventeen cases of tuberculosis {0.43/1,000/year) 

and sixty-five cases among the nonvaccinated (1.7/1,000/year), 

a reduction of seventy-fl ve pPrc nt (p < O. 001) 

C L I N I A L I N V E S T I G A T I O N 

The interest in BCG vqcc na~ion among my class (77 stu

dent ) led to a total of t~irty-five intradermal vaccination 

of BCG in la e May, 1965. All t~ose wi hing to be vaccinated 

were given Mantoux kin te ts tw weeks pr or. Only those 

who we'Y'e negative to nt r eadiate-strength PPD-S were al

lowed to be vaccinated wit~ BCG. Eight weeks later, in early 

Augu t, skin testin was a ain performed on the arm onposite 

the BCG site. This second Mantoux wast confirm the 1 take 1 

( change from negative to nositive) a directed by the .ro

t0c accJmuanying the BCG vaccine. Only two 'failures' 

WAre found for a 5.7% failure to convert from negative to po -

it · ve. This figure compares to other data where the rates 

variPd from wo perreent to as high as twe'1ty-six µ3 rcent1}, 7, 18 

The two student were n t v~.ccina ted again. 

n this campu, therA are nly two recorded instance 



where BCG- vaccination was u ed: H'our students in the class 

of 1955 and those above. A parently a.11 were vaccins. ted with 

the vacci~e from the TubercAlosis Research Institute in Chi

cago using the intradermal technique. Later work has sh.own 

that, using the multiple - puricture technique, the draining 

ulcer which is a frequent result of the former form of vac

cination could have been avoided~O The appearance of this 

1ulcer 1 and its persistence(up to six weeks) was a surprise 

to all, although it was not found in all cases. It was uro

bably this response which r~evented the two failures from 

accepting re-vaccination. 

Because the USPHS def nition ~f 1high-risk 1 includes 

medical and parame~ical oe ~sonne: and students, I attempted 

to confirm that we are ind ed in that category . I skin-

tested all ua tients with w'r om I '!ame into contact during one 

of my clerkships. The sam le wa~ chosert from the Douglas 

County Hospital over a p0riod of ten weeks. Patients were 

tested upon their admi ss io"l :,rhenever possible without regard 

to their reasons for admissi::m. Of the s xty-six patients 

se9n during this period, seventeen had positive skin reactions 

to intermeadiate - strength PPD-S, approximately a twenty- five 

percent incidence of po itive reactors . Tm re is no doubt 

t~at the sample is biased in the direction of the 1 typical 

county patient ' but---it is this skewing of the curve which 

leads to the consideratior. of BCG vaccination in the first 

place . I think it is obv~ous to all that this incidence was 

sev0 ral - fold ~reater than that f ~und in the gener~l population. 



If the ·"'l.edic~l studen ~ is in the high-risk group, what 

are his che.nces of conve~ttns from negative to uositive as 

he passes through four yea~s of medical school? So~e authors 

have placed the conversion rate ~s high as 10-20% 5%~7,lB On 

this campus, the range is Prom two to thirty-one percent(see 

Anpendix A). Considering the range of conversions in all 

graduating classes over th last ten years: 

as Fres""1.men 

fl 

11 

ti 

Sonh-:>more s 

Juniors 

Seniors 

~& Graduating Class with 
Positive Mantouxs 

J.9 - 17.0 (range) 

4. 7 - 31.4 

2 . 6 - 42.9 

6.6 - 48.6 

1ro date, there have been f'.)ur sL1.dents in the nonvaccinated 

group(class of 1967) who have become tub erculin-positive. I n 

other words, approximately 5.3% of the initially-negative as 

Freshmen have converted naturally. 

It is now known that vaccination with BCG does not pro

vide life-long immunity. Its protection will usually become 

'attenuated ' ~s evidenced oy the reversion of the skin test 

back to nee;a ti ve. Th.is us-1.ally talrns place two to four years 

after vaccination requirir,g re-vaccination if continued pro

tection is desired~,lb,l7,ZO Of the four st~cents of the class 

of 1955 w~o received BCG, only one w&s still oositive at the 

end of four years. Unfortunately, no values are presently 

available for the class of 1967 concerning reversion rates. 



D I S C' U S I O N 

It should be obvious to the reader that there is a 

moderate lack of agreement a,11'Jng many of the authors. And 

there can likewise be no doubt as to the irre~ular results 

C'Jming from well-c'Jntrolled trials. But what of the nB dical 

student as c~mpared to the general population? Can high-risk 

justify irregular success at preventing active tuberculosis? 

Dickie 7at the University of iisconsin has shown a marked 

reduction in morbidity followinG vaccination in nursing and 

~edicrl students. ·one of 106 vaccinated radical students ac-

uired nulrnonary findings 1vt-iile six of fourty-four nonvac 

cinated studeDts developed nuL~onary lesions requiring hos

pitalization. In the same study, the morbidity a~ong student 

nurses was 8.9;'& during the ten-y~ar ,eriod before im.>nuniza

tion. After the vaccinati'Jn pro3ram had started, there were 

no cases reported among the vaccimted . 

Abruzzi and Hu.'TI!l1el1 c)llected renorts from sixty- two 

medical schools in the Uni Jed St tes. Nineteen of them used 

BCG in their tuberculosis ~'Jntrol prog.,..,a:".lls. Of the u,400 

students vacci~sted, only Jhree contracted the disegse. 

Those who onnose the 1s e of ECG feel that the loss of the 

tulJerculin skin test as a diae;no!':ltic tool is a prime consid

eration. That s, once a ~atura conversion occurs in an un

vaccire..ted patient, furthe.,.., tests 3~e indicated at once if 

tQe p~esu.r.rrned disease is to bee aluated before it is possibly 

le tha 1. Without this g 1ide line, they say, chemotherapy is 



usually too late. On the oth r hand, is it not oetter to pre 

vent the disease in at lerst ei-hty-five pe~cent of those ex

p sed t~at to tre at it once it is present? 3ven if the con

version occurs, x-ray~ as well es oth~r culture studies are 

necessary before the diagrosis is nade . Therefore, is not 

the skin test just one of a series of tests rather than -a 

' diagnosis '? 

It has been noirited out th 0 t the incidence of tubercu

l0sis was declini ng without 3CG---but it w2s also declining 

before chemotherapy was as available as it is today. And now 

th8. t the incidence is low, is va c'cin" tion justified at all? 

·dvocates point out that widesnread vaccination is not the 

goal, but rather it is to e used in those high- risk groups 

previously mentioned . 

It is interesting that, during the writin of this paper, 

the :.SCG Advisory Panel of the U.S . C)r.nnunicable Disease 

Center me t in Atlanta and evisej its recommendations con

cerning the use of BCG as ~allows : 

11 Individual Use : BCG "'hould be used for the un

infected individual or small groups of uninfected 

individuals liv ng in unavoidable contact with 

one or more unc ntrol~ed infectious persons who 

cannot or will not o~tain or accept supervised 

treatmPnt. 

Groun Use: Based on available data , there is no 

epidemiological indication for the use of 3CG on 

a group or corn.~~nity basis in the United States . 



In particular, 3C is not recommPnded for medical 

and paramedical p~rsonnel and students, or for em

ployees and inmates of ".>enal and mental institutions, 

because the knowledge of tuberculin conversion, if 

it occurs, is es~ential so that chemoprophylaxis 

may be instituted and tt.e infectious source ident

ified and treated." 1 9 

It would apnear then, that the prophylactic use of BCG 

has been restricted even f rther in the United States. And 

yet, there is implied even in the above restrictions, a 

confirmation of its ·efficacy in those instances where exuosure 

is certain and unavoidable It is indeed unfortunate that, 

given a tool which could s ccessfully place tuberculosis on 

the list of controlled diseases fort he medical student, we 

must now turn our back on .. t. 

Consider these points: 

1. BCG is alway successful in reducing the inci

dence of active tu~erculosis in a range of 

from ten to eighty-five percent . 

2. A high rate of conversion to positive occurs 

with a single vaccination, approaching 98%. 

3. There is usually a reversion back to negative 

in two to four y e ars. 

4. The multiple-puncture vaccination prevents the 

-forme~ subjective comnlaints about 1ulcer 1 

formation. 

S. Medical stucte~ts ~ave a higher-that-average 



natural conversion rate, from five to twenty-five 

percent on this campus indicating a higher-than

average exposure to questionably inactive cases of 

tuberculosis. 

6. rvforkers have sho m a reduction of morbidity to less 

than-two percent using BCG among medical students. 

To me, this evidence ~annot be disregarded. I must make 

a plea to routinely offer ~o vaccinate all medicnl students 

with BCG upon their entrance to nedical school. They may be 

followed as before, if des ~red, Jith yearly chest films and 

Mantoux testing. Those wh~ revert to negative may be re-vac 

cinated, especially if the:r have the majority of their clin

ical years yet to be com".>lflted. Should they revert in their 

senior year, a strong apoe <J 1 should be made to have the·11 

accent one more imrnunizati)n, to 'carry them through their 

internship ' , so to speak. 

Above all, these students must be given the opportunity 

to ap)ly the very basis of the practice of medicine--prevention. 

'J?his onportunity is available only throush the cooperation 

and education of those res--:ionsible for their continued 

interest and participation in the fields of medical practice. 



AP END IX A 

1966 (76) 1 965 (76 1964(73) 1963(68) 

# rrl # Ji # 1o # % /0 
Freshmen 3 3.9 'I 9.2 9 12.3 4 5.9 
Sophomores 7 9.2 9 11 8 14 19.2 5 7 • I 

Ju"1iors. 2 2.6 9 11.8 15 20.5 8 11.8 
Seniors 5 6.6 9 11 8 15 20.5 · 9 13 2 

1961(43) 1960 (35) 1959(48) 1958(37) 

# % # % # ~ # % 
Fr e s h.mi=i n 2 .1 6 17 1 5 10.4 6 16 2 
Sonhom res 2 4,7 11 31 .4 6 12.5 9 24 3 
Junior 4 9.3 15 42. 9 8 6.7 11 29.7 
Seniors 10 23.3 17 48.6 12 25.0 14 37 .. 8 

* i} 

1956(41) 55(42) 1966(18) 1965(33) 

# % # ~o # % # fo 
Freshmen 7 17.1 3 '7 .1 0 0 0 
Sophomores 8 19.5 3 7.1 0 3 9.1 
Juniors 9 22.0 5 11 .. 9 0 3 9.1 
3eniors 10 24.4 5 11 9 0 4 12.1 

~=- Nursing Sch ol Grad te 

Note: From the text, 

Conversion rate -::: (% positive as Seniors) -

(% positive as Freshmen) 

1962(62) 

# 
,., 
/0 

,I 14.5 
10 16 1 
12 19 
12 19 .4 

1957(43) 

# % 
2 4 .. 7 
4 9 3 
5 11 6 
7 16.3 

i:-
1964 (23 ) 

# 7o ,, 8.7 ,:_ 

2 8.7 
2 8.7 
2 8.7 
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