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In the United States, immunization policy has 
been to routinely immunize children 1 to 12 years 
of age and to selectively immunize susceptible 
women of childbearing age who are not pregnant 
and who will avoid pregnancy for a three-month 
period following immunization.' The vaccine has 
been used primarily for preschool children and early 
elements. /  school children. Since the adoption of 
this immunization policy, the incidence of reported 
rubella in adolescents and young adults has not 
decreased significantly. In contrast to the prevac­
cine era when GOT of rubella cases occurred in 
children below 9 years of age, since 1976, more than 
70% of reported cases have been in individuals 15 
years of age and older.7

% <■ present study found that 15% of sixth grade 
stu ' ••.Is are susceptible to rubella, fonvcrsely, 85% 
show serologic evidence of protection as defined by 
an HI titer of 1:8 or greater. This finding from an 
urban community that is well-served medically may 
be a higher rate of protection than actually exists 
in areas not served as well. By comparison, a pre­
vaccine survey of Cincinnati school children in 1968 
reported a 2G% susceptibility rate in sixth grade 
students and an identical rate lor grades 7 through
12." In other studies of the prevnccine era, a range 
of 10% to 25% susceptibility rate to rubella was 
observed in adoiescents and young adults.'7 The 
success of the current immunization program in 
decreasing the occurrence of rubella in very young 
children may be a factor in allowing ummmunized 
children to reach adolescence without the immunity 
of exposure to natural tubclla virus.

Of the 469 students who had a documented ru­
bella vaccination, 1,1.2% had a HI antibody titer of 
less than 1:8. These students, defined as vaccine 
failures, accounted for 59% of those susceptible to 
rubella. Schiff et al,'J reported a 11.3% vaccine fail­
ure rate in a 1972 survey of first grade children. It 
cannot be determined front the present study 
whether this represents a failure of initial serocon­
version or a loss of antibody over time. When vac­
cine is administered by a variety of providers the 
opportunities may be greater for use of an ineffec­
tive lot of vaccine, improper storage of vaccine, or 
improper timing of the vaccine. Horstmann' re­
ported that among initial seroconverters, there is a 
group of responders with low antibody liters of 1: 
16 or less. From this group she found a 26% loss of 
detectable serologic evidence of immunity within 
five years after immunization.

A limitation of any serologic survey is the defi­
nition of prntvc'i'M or susceptibility by quantitative 
antibody response. Vaccine efficacy is really only 
borne out by response in vivo to exposure to natural 
virus and may not perfectly correlate with serologic 
susceptibility. For individuals who have serocon- 
vcrted, whether from vaccination or natural rubella,
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but whose titer has declined to less than 1:8, there 
is evidence to suggest that upon re-infection with 
rubella, viremia is an unlikely event.5 Unfortu­
nately, the subgroup of serologically susceptible 
individuals who so respond to re-infection is not 
identifiable by practical means, nor is the actual 
risk of viremia known.

In the previously mentioned survey of first grade 
children, Schiff et al’ found n susceptibility rate of ,
35% in the low socioeconomic group compared to '
14.2% and 14.9% in the middle and high income 
groups, respectively. This is in contrast to our lind- 

igs. Acknowledging the limitation of free lunch 1
participation as a rather crude socioeconomic indi­
cator, the lower income students in our survey were 
less susceptible than upper income students, 10.2% 
vs 16.5%, respectively. This difference may repre­
sent an increased opportunity for natural immunity 
among lower income children, or possibly improved 
access to health services, it may also represent a 
study bias in that lower income children are slightly i
under-represented among participants. Those lower '
income participants whose parents gavr permission 
may be those most likely to have received immu­
nizations. School records of nonparticipants were ,
reviewed for rubella immunization, hut were not 
complete enough to allow valid comparison.

The finding of a 13.2% susceptibility rate in stu- I
dents with a documented immunization compared 
to 18.5% in students without documentation em­
phasizes the importance for physicians, health de­
partments, and schools to insist on adequate docu­
mentation of rubella vaccine. State immunization 
laws need to require documentation of immuniza­
tions for students in all grades, not just at school 
''ntrance.

Duration of vaccine-induced immunity is a criti­
cal factor in determining rubella immunization 
strategy. In a 7k: year follow-up of rubella vuccinees,
Schiff et al"1 reported a downward trend in titers 
and loss of detectable antibody in a few students 
who received either HFV-77, DK-12, or Ccdcnhill 
vaccine. While current immunization policy has 
been successful in protecting many children against 
rubella, a level or protection has not been achieved, 
particularly in older children and adolescents, that 
will prevent fututu outbreaks of rubella. It has been 
demonstrated that even protection rates as high as 
86% will not prevent introduction and spread nf 
rubella virus,” making it unlikely that the circula­
tion of wild virus car. be prevented by present 
immunization strategy.

The effect of current immunization practice to 
shift to adolescence the majority of rubella cases at 
a time when vaccine-induced immunity may he 
dwindling causes concern that the potential risk of 
congenital rubella may actually be ncreased, al­
though this has not been observed in terms of
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reported cases. As a strategy for further reducing 
the susceptibility rate during the childbearing years, 
a recommendation for routine primary or booster 
rubella immunization of preudolescent girls should 
be considered in addition to the current emphasis 
on early childhood immunization. Because of thei- 
role in recent outbreaks.1' consideration should be 
given to immunizing preadolescent boys as well.

In a benefit-cost analysis of rubella immunization 
policy. Schoenbaum et al" projected both economic 
advantage and greater reduction in congenital ru­
bella through vaccination of girls a; age 12 years in 
comparison to vaccination of children at age 2 years, 
assuming 80% acceptance of vaccine by the target 
groups. The strategy of vaccination of children at 
age 2 years combined with vaccination of girls at 
age 12 years gave the greatest potential reduction 
in congenital rubella, but was less advantageous 
economically than vaccination only at age 12 
years.15 The assumptions and estimates or. which 
this analysis was based may not be accepted by
everyone .

The finding of 30% of sixth grade girls having 
reached menarche is a major obs'ade to a recom­
mendation for routine rubella immunization at this 
grade level. Serologic testing of 30% of girls at this 
age is impractic.il and costly, yet imn.unizaticn of 
postmenarcha! girls raises concern about inadver- 
tant vaccination of possibly pregnant students. Al­
though evidence from a small number of cases 
suggests that the risk to the fetus of congenital 
malformation is very small, if any, when rubella 
vaccine is given during pregnancy,” it is not possible 
at present to dismiss concern about this risk. As an 
alternative, giving the vaccine at the fourth or fifth 
grade level would reduce the likelihood of preg­
nancy being present in a vaccine recipient. The 
development of arthralgia following rubellu immu­
nization has occurred primarily in postpubcrtal giris 
and should bean  infrequent adverse effect in this 
age group.

The recent licensing in the United States of HA 
27/3 strain of rubella vaccine is another factor in 
consideration of a change in immunization policy. 
It has better immunogeniuty than previous rubella 
vaccines,13 nr.d thus may improve the immune sta­
tus of future adolescents who receive it in early 
childhood. Monitoring of the long-range effect of 
this vaccine on susceptibility during childbearing 
years as well as study of the actual, as opposed to 
theoretical, effect of n second rubella immunization 
in prendolescents arc needed to guide decision-mak­
ing about immunization strategy.

SUMMARY

The finding in the present study of 15% of sixth -  
grade students susceptible to rubella, a rate similar

to that of the prevaccine era, indicates the need for 
iulclitionarmeasures to red ice the risk of congenital 
rubella syndrome. Adoption of a policy of routine 
primary or booster rubella immunization of pre- 
adolescents should be- considered in an effort to 
enhance protection during the crucial childbearing 
years. The questions that remain unanswered as to 
long-term duration of ruhella antibodies, the mean­
ing of declining titers, and the risk to the fetus of 
maternal re-infection with rubella indicate a need 
for continued serologic monitoring to determine the 
effectiveness of rubella vuccine and of immunization 
practice.
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M E D I C A L  P R O G R E S S

Present status of measles and rubella 
immunization in the United States: A  medical 
progress report

Saul K rugm an, M .D.

N K W  Y O R K ,  N .  V .

E k t r a o k i i i x a k y  progress as well as 
anticipated and unanticipated problems have 
occurred in llie wake nf tar dcselopm enl 
.ind licensure nf measles and m bella vac­
cines. This medical progress report will re­
view llu- present status nf the safety and 
efficacy nf these vaccines I'm the control of 
measles and ruhella.

From the Depailmcnl of Veilin' i ir t. i\’r:u Yorl. 
Ifn ire n ity  School of Mcilicine.
The U’illotcbrnol; sltalies on measles itescribril 
in th ’n report ii ’i i  e n n iih ir lc il in c oil a hoi til ion 
with Dr. Joan I ’, d ies.
The nicmlrs rnecine undies it eie inf.fi.ute il hy 
llie  Health He search Council of the City «/
AVie Yuil. iimler Contract A’<>. ll-IOSti.
Vresenteil in jut i t  at the A mi mil Meeting 
ol llie Ameiienn Acailemy ol VeiFaliirs. San 
Francisco, Cnlif.. October l!>. I ICO, oml at the 
Van A me lien n Health Orgnnicati. n. I l'o ih l 
Health Ori;itn i:iiliun International ('■•nferenre 
on the .t/i/ilic iilion  of I ’aceinci Aeninit I ’ it at, 
llie le llu n l. ami liacteiinl Discnte> of .\lnu, 
\Yniliin i;toii, I). C., Die. I-I-IH, I ' i /'O.

th f- iin l tn id uit: 55(1 l it it A ve., .\V :r ViuJt, .V. twin.

M EASLES

T h e isolation of measles virus by Enders 
ai.*1 lVehles.1 its adaptation to the rhick 
embryo ' M ilovauovie ;md associates,- and 
its subsequent attenuation by Katz and as­
sociates'1 wore followed by the developm ent 
anil licensure of 2 measles vaccines in the 
United Stales in 19611: live attenuated  
moaslcs-virus vaccine (Kdmonston II type) 
and form alin-inactivated alum-precipitated i t

vaccine.' At the lime o f 1 iecnsiue it_\gas oh— -̂ c
viotis that febrile reactions caused hy live 
Kdmonston B vaccine occurred tooW tcn  and 
were too severe to justify routine use of the 
vaccine as an im m unizing agent. Consc- 
ipiently, many physicians preferred to ad­
minister the vaccine with a simultaneous 
inoculation of measles im mune globulin. 
O ther pbxMciaus chose to use either killed 
measles vaccine or a com bined killed-live 
measles vaccine regimen. However, by 19<i7 
it was app.uent that the immunogenic and

Vol. 70, No. I, pin I-IG
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protective effects of inactivated measles vac­
cine were transient. M ot cover, atypical 
measles with manifestations which were sug­
gestive of delayed ivpersensitivity occurred 
in recipients of killed vaccine when they 
were CN|Hsscd to live measles virus months 
or years later.4'* T he clinical manifestations 
of these reactions in ch d cd  high fever, an 
atypical rash, edema of the extremities, 
pneumonitis, and occasionally pleural ef­
fusion and abdom inal pain.

Inactivated measles vaccine is no longer 
available for use in the U nited States. Tw o 
live fu rther attenuated  vaccines* arc used 
extensively in this country. These vaccines, 
derived from the Edmonston strain, were 
produced by additional chick cell passages 
at a  lowered tem perature. 'Flic Schwarz 
strain vaccine was developed in 1961 and 
licensed for use in February, 1965. The 
“M oratcn” vaccine was licensed in 1968. 
These further attenuated  vaccines are less 
reactive and more acceptable than the origi­
nal Edmonston 15 vaccine. However, the 
antibodies which they induce decline more 
rapidly and persist a t a lower level than 
those observed after natural measles infec­
tion or im m unization with Edmonston 15 
vaccine.

Six m onths after the further attenuated 
vaccine, Schwarz strain, was licensed for use 
in the U nited States, an editorial in the .Veto 
Jut gland Journal of M edicine  expressed con­
cern about the potential long-teim efficacy 
of this p reparation .' It stated, in part, *’ln  
contrast to the antibody plateau resulting 
fiont natural measles or Enders’ Edmonston 
15 vaccine, a prolonged decline in antihem ag- 
glutinating antibody follows Schwarz further 
attenuated  vaccine. . . . T he  progressive de­
cline in antibody observed during the 
first 2 years after vaccination with furthet 
attenuated  vaccine suggests that a quali­
tative difference in immunogeuieity between 
these vaccines may exist and raises the pos­
sibility that if this decline continues at the

•Commercially available a t  I.iiuqcn, Piiiii.tii-MixMi* Co., 
Im lianapolb, 1ml., ami M oialcn, M rirk  Sli.uj* Jc Dohniv, 
West Point, Pa.

same rate, lesistance to infection will eventu­
ally he lost."

This editorial caused unnecessary con­
fusion and  unccitainty about the efficacy of 
fu rther attenuated  measles vaccine. Shortly 
after its publication additional d a ta  became 
available indicating that measles antibodies 
had persisted for at least 3 years after vac­
cination with the further attenuated  vaccine 
(Schwarz s tra in ). A subsequent editorial in 
the same journal stated, “ In  the light of 
these more recent findings, physicians and 
public health officers can be reassured that 
the currently available licensed measles vac­
cines, Edmonston ii type and fu rther a t­
tenuated type, apjx’a r to be effective for the 
prevention of measles.1’”

How does one reconcile this tavorablc pre­
diction in 1965 with reports in 1969 describ­
ing the occurrence of measles in previously 
immunized children?*""15 Before com m enting 
on these reports it is im portant to rcvo. d the 
present status of our studies on im mmity to 
measles, which have been in prog ess since 
I960.11, "  O ur observations have been made 
in 2 groups: (1) institutionalized children at 
the Willowbrook Stale School and (2) hume- 
dwclling children of tiic East Nassau H ealth 
Insurance Plan group. T he routine use of 
measles vaccine for all susceptible children 
a t Willowbrook eradicated the disease in 
ibis institution by 1963; no cases have oc­
curred since tha t time. Consequently, im ­
munized children in this institution have not 
been cx|x>scd to measles during the past 
7 years. In contrast, at least 37 per cent 
of the Health Insurance Plan home-dwelling 
children have had repeated exj)osures to 
measles during  the 8 to 8 / j  year post vac­
cination period of observation.

Persistence of measles antibody in institu­
tionalized children following natural infec­
tion and immunization. Serial samples of 
serum were obtained from 68 children who 
had not in .il measles between I960 and 1962: 
•16 children who received dee attenuated 
measles vaccine, Edmonston type, d in ing  the 
period February, 1960, u> M arch. 1962: 10 
children who received the Edi ’onslon-type 
vaccine plus immune serum globulin from
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October, 1960, to October, 1961; and 115 
children who received fu rther attenuated 
measles vaccine, Schwarz strain, from N o­
vember, 1961, to M arch, 1963. All scrum 
specimens were tested for measles antibody 
by the highly sensitive hcm agglutinalion-in- 
hibilion test described by N orrby.15

T he results of the 0 to 10 year follow-up 
arc illustrated in Fig. 1. 'Flic pattern and 
Insistence of the antibody rcsjionscs were 
similar for all 4 groups. T h e  simultaneous 
adm inistration of gam m a globulin and Ed- 
monston-ty|>e. vaccine was associated with 
a decrease in the geometric m ean antibody 
levels. T he use of Schwarz strain vaccine was 
also associated with antibody levels which 
were lower than those observed after natural 
infection or after Edm onston 11 vaccine. All 
children who participated in this study had 
detectable measles antibody during the 11 to 
10 year follow-up period of observation. Only

one of 115 children who received Schwarz 
strain  vaccine had no detectable antibody 
7 years after vaccination (Fig. 2 ) .

Persistence of measles antibody hi home- 
dwelling children following im m unization 
w ith live fu rth er a ttenua ted  measles virus 
vaccine (Schw arz s tra in ). D uring an  8J/a 
year follow-up of 210 children, more than 
37 per cent of this group were exposed to 
measles w ithout developing clinical evidence 
of the disease. All 56 children who were 
tested a t (1/a years had detectable measles 
hem agglutinaiion-inhibition antibody; the 
geometric m ean liter was 1:60 (Fig. 3 ).

A comparison of geom etric m ean antibody 
titers in the home-dwelling children who had 
repeated cx|x>sures to measles with tilers in 
institutionalized children who were not ex­
i t e d  is shown in Fig. 4. T he significantly 
higher titer a t 8 years in home-dwelling 
children, 1:60, as com pared w ith the lower

Fifj. 1. G eom etric  m ean hc iungglu tinatinn-in liib itum  an tibody  lite rs follow ing n a tu ra l measles 
infection and vaccination  w ith live a tten u a ted  m ea'lcs virus vaccines, (a ) Kdm onston stra in , 
(b )  Kdm onston s tra in  plus gam m a globulin , and (c )  Schw arz  s tra in .

N O T IfT ' T llR JjA T lT P lA I fiAV tv- r .r .n T ^ * rT T 'n
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Fig. 4. Comparative Bcnmciric mean antibody titers of the institutionalized and home- 
dwelling children depicted in Figs. 2 and 3.

liter of 1:15 iti the institutionalized children 
probably reflects a booster response associated 
with reinfection following exposure to wild 
measles virus. In spite of repeated exposures 
to mcas'.’s, the H ealth Insurance Plan 
children were solidly protected against the 
clinical disease.

T he typical antibody response following 
primary infection of 10 children with live a t­
tenuated measles virus is shown in Fig. 5. 
1 lem agglutination-inhibition antibody was 
first detectable on the tenth day, and peak 
levels were observed hy the twenty-seventh 
day. In contrast, reinfection of 25 previously 
immunized children was characterized by an 
initial rise of hem agglutination-inhihitinn 
antibody on the liist day: peak levels were 
observed as early as the twelfth day. The 
phenomenon of reinfection with booster re- 
s|K>nsc has h-en seen typically in . children 
with low hcm agglulinnlinn-inhibilion an ti­
body liters (less than 1:611: il has not 
usually been observed in the presence of 
relatively high antibody titers (exceeding 
1 :1 2 8 ) .’

T h e  available evidence indicates that fol­
lowing the prim ing tha t occurs with the

initial measles virus infection, any subsequent 
reinfection will be characterized by a booster 
type o! antibody response. Panttin, in his 
classic description of the epidemic of measles 
in the Faroe. Islands in 18-16, observed that 
all old people who had measles in the previ­
ous epidemic in 1/01 were protected against 
the disease in spile of lack of exposure during 
the intervening |>criod of 65 years. 'Phis 
experience dem onstrated that repeated ex­
posure was not an  essential prerequisite for 
perm anent immunity to measles.

O ur longitudinal studies on immunity to 
measles have provided evidence to support 
the prediction that live vaccine-induced im­
munity will be just as protective against 
clinical measles as naturally acquired im­
munity. We have never seen a case of measles 
in a child who was shown to have an an ti­
body response following immunization with 
live measles vaccine.

Measles in previously immunized children. 
T he reported rases of “measles in previously 
immunized children” probably represent fail­
ure to achieve a prim ary live varcine-virus 
infection because of one or more of the fol­
lowing factois: ( I )  A dm inistration of vac-
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DAY AFTER INOCULATION OF LIVE ATTENUATED MEASLES VACCINE
Fip;. 5. P a tte rn  of licrnaR slncination-itihibition an tibody  response follow ing p rim ary  infection 
and reinfection  w ith live a tten u a ted  measles v arcinc. T h e  lic inagglu tination-inh ib ition  a n ti­
body liters represent m ean levels of 10 ch ild ren  w ith  p rim ary  infection and  25 w ith  re in fec­
tion. N ote booster response associated with reinfection.

cinc before 12 months of age when m aternal 
measles antibody may have been present. 
Suppression of the antibody response is most 
ap t to occur when measles immune globulin 
is given with the vaccine lo an infant with 
residual trnnsplaccnlally acquired antibody.
(2) Adm inistration of vaccine virus which 
may have been inactivated by inadequate 
refrigeration, by excessive exposure to light, 
by use of the wrong diluent containing a 
potentially virucidal preservative, or by un­
known factors. Currently licensed live m ea­
sles vaccines have been characterized by 
a  seroconversion rate of approxim ately 98 
per cent. Consequently, it is reasonable to 
anticipate a 2 per cent attack rate in children 
who wcio inoculated but not immunized with 
measles vaccine.

T he clVect of age on the antibody icspniise 
of children to live attenuated measles vac­
cine (Kdmonston B with im m une serum 
globulin) is shown in Table I. Among in­
fants 9 to 11 months of age. 80 per cent had 
a hem agglutinatiou-inhibiiion antibody re­
sponse. In contrast, the seroconversion rate 
in children who received vaccine after 12 
months of age was 97 per cent. This study

Table I. Measles hem agglutination- 
inhibition antibody response in infants and 
children who received live attenuated 
measles virus vaccine, Kdmonston Type, 
plus gam m a globulin

Age group 
( iriontlis)

No. of 
children

Ilemagglutina'.ion- 
inhibition antibody 

response
vaccinated No. 1 Per cent

9-11 123 10G 8G

12 o r more 899 872 97

highlights the im portance of following the 
current recommendations of the American 
Academy of Pediatrics Com m ittee on Infec­
tious Diseases: “ In general live measles vac­
cine should be adm inistered at about 12 
months of age o r shortly thereafter." In cer­
tain developing countries and in certain epi­
demic situations it may be wise to immunize 
infants between 6 and 12 m onths of age. 
I lowcvcr, under such circumstances a second 
inoculation of vaccine should be given after 
12 m onths of age to protect infants who 
failed to respond to the first inoculation.

•*    —
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R eported  cases of measles and  m easles encephalitis  in the  U n ited  S ta tes from  1962Fig . G. 
to 1970.

T he causes of vaccine failure have varied 
during the reported outbreaks.'0' 12 T h e  Gov­
ernor’s Island repo rt10 identified 73 cases of 
measles of which 11 (15 per cent) were in 
ptvviously immunized children and G2 (85 
per cent) in those who were unimtr.unized. 
However, the attack rale was 2.4 per cent 
in previously immunized children and 33.5 
per cent in unim m unized children; over-all 
vaccine efficacy was 92.7 per cent. T he re­
port from F lo rida" highlighted the occur- 
tenrc of measles in 18 children who received 
live measles vaccine and im m une serum 
globulin before they were 12 m onths of age. 
The O hio rep o rt11 involved 14 previously 
immunized children and 46 who were not 
vaccinated. T h e  attack rale in the unim- 
mtmized group was 52.4 per cent, whereas 
that of children immunized by the local 
health departm ent was 1.2 per cen t; vaccine 
efficacy was 99 per cent. 1 lowever. 17.9 per 
• ent of the children previously m oculated by 
one private physician in the same, city de­

eloped measles, a vaccine efficacy of only 
lu per cent. T he measles vaccine in this 
physician’s office was exposed lo tem pera- 
1 mes which may have caused a decrease in 
vaccine potency.

Present status of live measles vaccine. 
Piior to licensure of live attenuated  measles

vaccine in M arch, 1963, approxim ately
500,000 cases of measles and 300 to ‘100 
cases of encephalitis were reported in the 
U nited States each year. T h e  extensive use 
of vaccine has been followed by a dram atic 
decline in the incidence of measles and en­
cephalitis (Fig. 6 ) . An all tim e low was 
reached in 1968 and  1969 when approx­
imately 25,000 cases were reported, a de­
creased incidence of 95 per cent. T he rising 
incidence of measles in 1970 has not been 
related to vaccine efficacy but ra ther to a 
failure of delivery of health care to infants 
and  children from various poverty areas. T he 
occurrence of measles in previously im ­
munized children is not a result of waning 
immunity.

T h e  dramatic, decline in the incidence of 
measles encephalitis has been very reassur­
ing. It is obvious that the risk of encephalitis 
following natural measles infection, approx­
imately one per 1.000 rases, is significantly 
greater than the risk* of vaccine-associated 
encephalitis, estim ated to be about one per 
one million vaccinecs. T h e  incidence of en­
cephalitis of unknown etiology in the United 
Stales in 1968 was 1.2 cases per one million 
children, one to 9 years of age.10 It seems 
clear that postvaccination encephalitis has 
not been an im portant problem.



8 Krugman

T h e  association of suiiacute sclerosing pau- 
cnccphalitis with natural mcaslrs lias licrn 
well ilc"-vim rnlrtl.,; 'I'liis late neurologic .se­
quela of measles is very rare. It will be diffi- 
cult to assess the risk of subacute sclerosing 
panencephalilis w ithout knowledge of the 
im m une status of a child prior to vaccina­
tion. During the course of ou r studies we 
detected serologic evidence of immunity to 
measles in approxim ately 15 per ren t of chil­
dren, 3 to 8 years of age, in spite of the fart 
that their parents denied a prior history of 
measles.1* T he extensive use of live measles 
vaccine during the past 7 years lias not been 
associated with an apparent increased in­
cidence of subacute sclerosing panencephali­
tis.

Conclusion. At the present time 2 safe, 
potent, and highly effective live measles 
vaccines are licensed for use in the United 
States.* T he control of measles will depend 
on the appropriate use of these vaccines. 
It will be essential to include the oncoming 
as well as the present generation of suscep­
tible infants and  children in routine im ­
munization programs.

A single dose of vaccine should provide 
long-term immunity against measles for ap ­
proximately Oil |>er cent of inoculated chil­
dren. T he available evidence indicates that 
reinfection of persons with low levels of 
antibody has no clinical significance. The 
booster response induced by leinfection lias 
not been associated with clinical m anifesta­
tions of the disease.

Measles will continue to occur am ong the 
small group of children (approxim ately 2 
per cent) who may be at iM; because of 
failure to respond to an inoculation of vac­
cine. T he solution to this pm hlrm  is com­
plex. It would be dilliculi to condone the 
routine use of a second dose of vaccine be­
cause 98 per cent of children are likely to 
be protected by one inoculation. Manx mil­
lions of dollars would be wasted each year

*!.iiti«<rit a n il M "ra ti*u  I . in t e n t  i* il» r tr.wfi* n am r fu r  
liv e  lu t l l i r r  a f t n iu . i f i i l  S H iu .t is  s li.t iit \ . i i n i ; r ,  a p m l i i i i  
(•I lltp  I ’ i t i i i . i i fM m . i r  (*it , / .in im  i i l r .  fn t l M n u l r i i  i\ ll> r 
lim it* it.ttu r n | t it i.t r  . i l l r u iM lc i l I*.m inx' l*i!:ii«*ttvi«*n \im > . a 
p ro duc t o f  M r r c k  S im p  D w lm ir , W o t  P o in t , 1'a.

•  I
for the unnceessary vaccination of immune 
children. It would he more appropriate to 
use these funds for the solution of other 
critical health problems.

K U U K L L A

T h e  extensive epidemic of rubella in the 
U nited Stales in 1984 and its serious conse­
quences have been well docum ented.10 The 
epidemic was responsible for the death and 
disability of many thousands of infants and 
for the anguish and despair of their parents.
T h e  cost in terms of hospitalization, medical 
care, rehabilitation, and  special education 
for the im ihihandieapped survivors has been 
estim ated to exceed 2 billion dollars. This 
devastating experience highlighted the need 
for an cllectivc vaccine as the most logical 
solution of the rubella problem. T h e  ex­
traordinary progress toward this goal was 
revealed at the In ternational Conference on 
Rubella Im m unization which was held Feb­
ruary 18 to 20, 1969.3'’

T h e  developm ent of live attenuated ru­
bella virus vaccine lias been reiiinrkal)l\4B jA  
sim ilar to the experience wi ’i live, n ie a d c s ^ ^ ^  
vaccine. However, the time interval between 
isolation of virus,-1' ”  subsequent attenua­
tion,--1 and  licensure in 1969 was 7 years 
for rubella as com pared with a 9 year period 
for measles. T h e  use of the varcine has also 
been accelerated: more, than  19 million doses 
of ruhella vaccine as com pared with 3.5 
million doses of measles vaccine had been 
given w ithin approxim ately one year after 
licensure.

T h e  proceedings of the International C on­
ference' on Rubella Im m unization provided 
a compieliensive report of various phases of 
iiibella immunization.-'-’ T h e  data presented 
provided the basis for a prelicensing state­
ment on ruliell.i vaccine prepared by the 
Advisory Com m ittee on Immunization Prac­
tices of the Public Health Scrviie and the 
Committee cm Infectious Diseases of the 
American Academy of Pediatrics.34 T he 2 
committees recommended the use of the vac­
cine for gills and hoys between one and 12 
years of age. emphasizing iliat young school 
children deseive the highest priority because

77ir Jou rna l o f I 't i l ia h in
J a n u a r y 1!(71

: Tills mmiflAL MY ff. PROTFCTll) UY OJPYRIQir LAW ( 1 1 1 1 4  1 7  U.S. COIF)'



... ,.*i - . iinj.i y . . . . 'r.v l m i m<»i».

| ta l o [ Pediatrics
January  1971

m m  ..
Ip p ro p ria tc  to 
Ition of other

ubclla in the 
(serious consc- 
ncntccl.1® T he 
[ic death and 

infants and 
|lheir parents, 
tion, medical 
al education 
ors has been 

.dollars. This 
(ted the need 

most logical 
ini. T he ex- 
is goal was 

[inference on 
ps held Feb-

enuatcd r r  
i ^ D ^ n b l y

li 'f l^ P a s le s  
[val between 
nl attenua- 
|vas 7 years 
year period 
inc has also 
lillion doses 
|d with 3.5 

had been 
year after

lional Con- 
ii provided 
> phases of 

presented 
ising statc- 
cd by the 
htion Prac- 
rc and the 

s of the 
T he 2 

pf the vac- 
ne and 12 
mg school 
[ y ^ ^ ^ S O

Volume 711 
Suinber t

they are the m ajor su ture of virus dissem­
ination in the community. T he vaccine was 
unt recommended for pregnant o r poten­
tially pregnant women because of the |xis- 
sjhle t isk of fetal infection ,-.uti the vaccine 
\ it us. T he com m itters stated that women of 
i hildliearing age should be considered for 
vaccination on tin ’'individual" basis, if the 
(Kissibility of pregnancy in the following 2 
months could be avoided. Ideally, the im­
mune status of a woman should be deter­
mined hy perform ing a rubella licmagght- 
lin.tlion-iuhibition test. Susceptible women 
on an effective contraceptive regimen would 
he good candidates for rubella imimmixa- 
lion. T he im m ediate post|iartum  period 
would be an  excellent time to vaccinate sus­
ceptible women.

T he goal of the current large-scale im­
munization program  for children is lo pre­
vent congenital rubella by providing indi­
rect protection for mothers of rubella-sus­
ceptible children and providing girls with 
immunity to r.ibella which, hopefully like 
die natural disease, may be long lasting.

'Flic lirst goal is the im m ediate protection 
nf susceptible women if an epidemic nf ru­
bella occurs in 1971 o r 1972. Rubella epi­
demics in the U nited  Stales generally recur 
at 8 to 9 year cycles: the last one occurred 
in 158-1. T he most likely sources of infec­
tion of susceptible pregnant women are their 
own rubella-infected children. Consequently, 
the immunization of all children in a  house­
hold should provide indirect protection for 
their susceptible m others of childbearing age. 
In addition, immunization ol school chil­
dren should protect their susceptible teach­
ers. T he extensive use of ruhella vaccine in 
1970 should have a significant effect on the 
incidence of ruhella in communities which 
have participated in the program . It will 
he inteiesting to com pare the results of wcll- 
itunuuiizcd and poorly < nmimized com m uni­
ties.

The. second goal of the ruhella imm uniza­
tion program in the United States is based 
on the promise that a prim aiy infection with 
attenuated ruhella vaccine virus will have 
the same innm m of-gic consequences as a

M caslrs an d  rubella im m unization  9

prim ary infection with wild rubella vims.
As indicated in the section on measles, the 
question of duration  of im m unity following 
the use of live further attenuated  Schwarz 
strain vaccine, which was a cause for con-i 
corn in 1983, is no longer considered a prob­
lem. 'Flic questions about rubella will be 
answered by the accum ulation of da ta  from 
studies designed to cvalnute the significance 
of reinfection and the related ]x>tetitial prob- 
lems of rouum m icability and duration of 
im munity. T h e  results o f these studies on 
rubella vaccine-induced and natural im­
m unity may or may not reveal quantitative 
differences which do not apparently  exist 
with measles.

It is well known that the phenom enon of 
reinfection is a characteristic of rubella as 
il is of measles.13, Consequently, 2 cru­
cial questions must he answered: (1) Is a 
reinfected, previously vaccinated, o r n a t­
urally illumine individual contagious? (2)
Is there a risk of viremia in a reinfected in­
dividual? Answers to these questions will be 
derived from knowledge of tlic immunity 
following naturally acquired infection, vac­
cination. and rubella reinfection.

Prim ary rubella infection—naturally  ac­
quired. Studies on the natural history of 
rubella have elucidated the virologic and 
serologic events of the prim ary infrction.30? 4 cM ii\ 
Ruhella virus is present in the pharynx and 
blood approxim ately one week before onset 
of ra sh : it may persist for 2 weeks and in 
rare instances as late as 3 weeks after onset 
of rash. V irem ia. which occurs about one 
week before onset of rash, is no longer de- ef) °

Au.vO'A eo»v»«

Irrtable hv the second or third dav of th<\ 
exainh ',m ."/'Antibodies are first detectable 
shortly after onset of rash, reaching a peak 
approximately one tumuli later. Recent stud­
ies have shown that the pattern and per­
sistence of antibody following natural ru ­
bella wore similar to those following m ea­
sles.31 A 5 year follow-up of 223 women who 
had rubella during the 1981 epidemic indi­
cated that the rubella hem agglutination- 
inhibition antibody titers ranged botwron a 
low of 1: .9 and :v high of 1:2,018 or greater. 
As indicated in 'Fable I. 5 vears after natural

! i i i i i i f i : .  t i i t c 1 m a t i - i h a i  M A \ / n r
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mcaslrs the antibody titers ranged between 
a low of 1:8 and a high of 1:1,024.

Studies by Davis and associates3* have 
provided the quantitative da ta  needed to 
clarify the problem of comuiunicability. Sig­
nificantly larger am ounts of virus arc  present 
in the pharynx an d  blood of patients during 
the prcrash period of iw iira l rubella. The 
am ount of virus decreases 100-fold to  1,000- 
fold by the third to fifth clay after onset of 
rash. This finding supports the epidemiologic 
observation that patients w ith rubella arc 
most contagious before onset of rash and  arc 
rarely contagious after the third day of tash. 
These virologic and serologic events arc  es­
sentially the same in subclinical rubella in ­
fection (rubella w ithout rash ).

An extraordinary study of an epidemic 
of measles in G reenland in 1962 may con­
tribute to a better understanding of the 
communicability of rubella. A correlation be­
tween time of exposure and com municability 
was observed during this epidemic.33 It was 
obvious that the available health facilities 
would be inadequate to cope with the prob­
lems associated with a m ajor outbreak. Ac­
cordingly, it was derided that a “guided 
epidemic’’ would be the best solution for a 
potentially critical situation. T h e  area was 
divided into 3 qiiaruntinable units: the 800 
inhabitants of the town of U m anak, the 500 
inhabitants of the 4 most remote settlements, 
and the 700 inhabitants of the 5 neatest 
settlements. T h e  plan involved the delib­
erate exposure of large groups of susceptible 
individuals to a person o r persons with m ea­
sles; half of the adults and  half of the* chil­
dren in each household were asked to vol­
unteer for “artificial infection."

T h e  results of this unique plan were very 
interesting. Approxim ately 100 prisons vis­
ited a patient nam ed Josef on the first day 
of his measles rash. Jose I coughed twice in 
the face of each prison! In spile of this 
exixisure, the large luim her of contac ts did 
not develop measles. Gonscqtirntly, 3 '/i 
weeks later the procedure was re|x*ated but 
this time patients in the catarrhal, pirrush 
stage of measles wen* chosen as the source 
of infection. U nder these circumstances die

disease was successfully transm itted to the 
susceptible contacts.

It is well known that measles virus is 
present in the nasopharynx during the first ,
day of rash, as well as during the ca tarrhal 0
period of the disease. T h e  failure to trans- v'^ e v f''*A 
mit the infection on that day was probably 
a  reflection of the m inimal quantity  of virus 
present a t tha t time. A lthough a culture of 
the th roat may have been positive, the 
am ount of virus may not have beta, ade­
quate to initiate infection. T h e  larger q uan ­
tities af virus present during the catarrhal 
period were undoubtedly responsible for the 
communicability of the disease.

An evaluation of the various epidem iolog­
ic and experim ental studies on rubella as 
well as measles suggests that a  positive throat 
culture is not necessarily an indication of 

. communicability. T h e  dose or quantity  of 
virus delivered appears to be the m ajor fac­
tor.

Prim ary rubella infection— vaccine in ­
duced. T he natural history of prim ary infec­
tion following inoculation of live attenuated  
rubella virus was well docum ented in various 
reports published in the proceedings of the 
International Conference on R ubella Im ­
munization'-’" and  in a more recent report by 
Davis and associates.3* Similarities and dif 
fcrcnccs have been observed in vaccine- 
induced infections as com pared w ith natural 
rubella infections in regard to clinical re­
actions, virus shedding, antibody response, 
and communicability.

Clinical reactions. T he typical lympliadc- 
nopathy and 3 day rash of natural rubella 
are rarely seen following vaccination; fever 
is even less common. O n the o ther hand, 
transient arthritis and  arthralg ia may occur 
as frequently after vaccina linn as it does 
after natural rubella. It is difficult to com ­
pare the relative frequencies of vaccine- 
associated and rubella-associated jo in t m an­
ifestations because the extensive prospective 
observations during vaccine trials provided 
data  which could not he obtained under the 
conditions of epidemic or endem ic rubella 
in tin* community.

Prior to the licensure of rubella vaccine
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it vvas obvious that transient jo in t m ani­
festations occurred in 25 to JO per cent of 
women and in I to 2 per cent of chil­
dren3'1' 31 and that arthritis and arthralgia 
were milder in susceptible women who re­
ceived the Ccntlehill strain as com pared 
with those who received the l l l ’V-77 strain 
in tlog kidney. T he extensive ex|x‘ricncc 
since licensure of the l f ’V-77 strain has re­
vealed an inciease.l incidence of joint mani­
festations in children who received the HPV- 
77 strain in dog kidney cell culture (Rubella 
Virus Vaccine, Philips Roxanc Laboratories, 
Inc., Columbus Ohio) as com pared wit 
those who received IIPV -77 in duck cmbry 
cell culture (M cruvrx, M erck Sharp 
Dohmc, West Point, P a .). As yet, com para­
tive data  arc not available following exten­
sive use of the Cciulchill strain in rabbit 
kidney cell culture (Ccndevax, Sm ith, Kline 
and French Laboratories, Philadelphia, Pa.), 
because this vaccine was licensed later.

U nder the conditions of normal pediatric 
or general practice a 1 to 2 per ren t in­
cidence of transient arthritis and arthralgia 
would be a relatively unim portant event. On 
the oilier band, the adm inistration of
100,000 doses of vaccine to children in the 
same community ;• I about the same time 
could be associated with a pseudoepidemie 
of 1,000 to 2,000 cases of painful joints. T he 
problem could he compounded because the 
incidence of joint manifestations in children 
receiving dog kidney vaccine is appiox- 
imatcly 5 per cent or more. In addition, in 
spite of adequate briefing in package in­
serts, newsletters, articles in medical journals, 
and a special letter to all plivsiriaus from 
the Public Health Service, many practition­
ers were not aware of the well-known phe­
nomenon of benign, transient ruhella a rth ri­
tis. Consequently, many ehihhen were ad ­
mitted to hospitals for study to rule out a 
diagnosis of rheumatic fever or rheum atoid 
arthritis, an exercise which caused unneces­
sary anxiety and expense.

Virus shedding. T he appearance of vac­
cine virus in the pharynx is a phenomenon 
associated with all of the licensed vaccines. 
Il is clear that aiter.u.iied virus is shed for

Measles anti ruhella im m unization  1 1

*
a briefer |X'tiod nf time and  in m uch smaller 
am ounts than wild m bclla virus. M eyer and 
associates'’' have reported that virus-positive 
throat swabs from vaccinated children con­
tain 100 times less virus than sim ilar swabs 
fiom children with natural ruhella. M ore­
over, the attenuated virus has lost m uch of 
its capacity to induce ail infection by the 
respiratory route.

Viremia, which is so easily detectable d u r­
ing natural m bclla, has been difficult to 
detect iti vaccine-induced infection. Viremia, 
if present, must be a transient phenom enon 
characterized by minimal quantities of virus.

Antibody response. Antibody levels follow­
ing vaccination arc significantly lower than 
those associated with natural rubella. M ore­
over, there is a delay in the appearance of 
antibody with increasing attenuation of ru ­
bella virus."0 We consistently detected hem- 
agglutination-inhibition antibody 14 to 17 
days after prim ary infection w ith wild ru­
bella virus. In  contrast, hem agglutination- 
inhibition antibody following vaccination was 
usually detected a week o r more later, reach­
ing peak levels 6 lo 8 weeks after vaccina­
tion. In  general, antibody levels following 
vaccination were fourfold to eightfold lower 
than those observed after natural rubella. 
This finding was similar to ou r experience 
with further attenuated Schwarz, strain m ea­
sles vaccine and natural measles (Fig. 5 ) .
It is clear that a definitive answ er lo the 
question of persistence of antibody and d u ­
ration of im munity following rubella vac­
cination must await the results of surveil­
lance studies.

Com m unirahilily. In spite nf rare isolated 
reports which suggest the possibility of com- 
m unicabiliisv3' 3,1 the overwhelming evidence 
indicates that vaccinated virus-shedding in­
dividuals are not contagious. In on r ex­
perience the attenuated rubella v.ireine was 
not com unniical'lr under the same e o n - . 
tlitinps in which we observed a PO per ci’iit _ 
attack rate in susceptible children wlm wcio 
exposed to wild i nhell.L v im s,37 A recent re­
port by Scott and IJyrnc3'  dem onstrated the 
lark of cnniiinmirabilily of the vaccine virus 
when 'susceptible pregnant women were cx-

 __
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posed to their vaccinated childion. Kxam- 
inaliott of scrum specimens obtained before 
anil after exposure revealed no serologic 
evidence of infection. T he available evidence 
indicates tha t the |x>teniial risk of comumui- 
cability is negligible. Consequently, there is 
no contiaiiuiicaiiou lor the use of vaci i..c in 
connnunity program s involving children 
whose m others are pregnant.

Reinfection rubella. T h e  available evidence 
indicates that reinfection may occur in per­
sons who have had natural rubella or ru- 
Itclla vaccine. Recent reports by llorstm nnn 
and . tfociatcs'-7 anti Davis anti associates3* 
indicaletl that reinfection was m ore com­
mon in previously vaccinated individuals than 
in those who had had natural rubella. Evi­
dence of a booster response following ex­
posure to rubella was observed in 80 per 
cent of previously vaccinated individuals as 
com pared with less titan 10 |X 'r  ren t of those 
who had had natural rubella.”  Sim ilar ob­
servations were reported earlier by Wilkins 
and  associates*5 ami SchilT and associates,•'*' 
when they challenged previously vaccinated 
persons with a  relatively unatlrnuatcd  strain 
of rubella virus. In most studies there has 
been a significant correlation between the 
level of ruhella hcm agghiiinalion-inhibiiion 
antibody and the probability of reinfection. 
Persons with low levels of antibody wen* 
m ore likely lo be leinfecteil.

Reinfection iias been characteii/ctl by a 
fourfold or greater rise in hem agglutination- 
inhibition antibody and. occasionally, by the 
presence of small am ounts of vims in the 
pharvnx for a brief period of time as com ­
pared with prim ary ruhella infix lion. V ire­
mia has not been de’eetrd  during the course 
t»f reinfection. It is logical, thciefiue. to as­
sume that the potential risk of fetal infec­
tion during tcinfetlion  may he negligible or 
nonexistent. T he filial answer to this crucial 
question will come from tl.ua accum ulated 
fioiu studies sim ilar to those desciihrd by 
Hone ami associates. " They are observing 3 
women who were immune prior to their ex- 
|xisorc to ruhella during the early w eek' of 
prcgnaucv. Sncinsc deii'iiv giadient studicsT 
revealed '.hat the specific rise of ruhella
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hcm ngghitination-inhihition antibptty in the 
3 pregnant women was I g C f 'a  .•espouse 
i haracteristic of reinfec tion rather than j>ri- 
mary infection. liven if none of the 3 in­
fants have clinical, viiologic, o r serologic evi- 
tlence of < ongenital m bclla at birth, it will 
be essential to have additional cvid *ncc be­
fore a  final judgm ent is made, since not 
all infants are  infected as a result of m a­
ternal prim ary ruhella infection tim ing the 
first trim ester of pregnancy.

During the early course of our studies on 
the natural history of rubella,*® we had an 
opportunity to obtain serial samples of 
blood from patients w ith prim ary rubella 
infection and from otlicis who were rcin- 
fic ’vil with wild rubella virus. T h e  results 
of serial hem agghitiuation-iuhibiiion an ti­
body studies in 8 children with prim ary in­
fection anti !i children with reinfection arc 
shown in ’fab le  II. Antibody following pri­
mary rubella infection was detectable by the 
fourteenth to seventeenth day after ex­
posure. Evidence of a booster response fol­
lowing reinfection vvas observed one week 
earlier, by the seventh to eleventh day after 
exposure. T he initial rt spouse to the primary 
infection was specific rubella IgM , follov/cd 
several d.vvs later by IgG. In  contrast, the 
booster response consisted of IgG antibody 
exclusively. V irem ia and pharyngeal rubella 
virus, which were detected tim ing prim ary 
infection, were not detected during reinfec­
tion.

Rubella reinfection could prove to be a 
blessing ra ther than a problem. A prim ary 
infection with wild or attenuated rubella 
vinis. like wild nr attenuated measles virus, 
may ' ‘sensitize’" or prime a  person for life. 
Subsequent exposure to the virus a t a  time 
when hum oral antibody may Ix1 low or nontlc- 
teetahle may he followed hy minimal local 
m ultiplication of virus which in liu n  may 
provoke a prom pt boost of antibody, there­
by preventing the occurrence of viremia. 
These immunologic events may inhibit virus 
m ultiplication, thcichy elim inating the po- 
tcntial pinhlem  of cnmmunicuhility.

Conclusion. T he potential problems asso­
ciated with the rubella vaerination program
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T ab ic  II . Serial hem aggJutination-inhibition antibody titers following prim ary n a tu ra l ru b c l'a  infection an d  reinfection

No. of days after exposure to rubella virus
T it r r 0 3  1 4 5 1 7 1 8 10 1 / /  I 12 | 13 14 1 15 1 17 21 1 28

P rim ary  infection 

C oo  <  8 < 8 < 8 < 8 < 8 < 8 < 8 64 _ 128 128 512

Sul < 8 < 8 — < 8 < 8 — < 8 < 8 < 8 — < 8 — 32 1,024 —

M cO < 8 < 8 — < 8 < 8 — < 8 < 8 < 8 — < 8 — 64 128 123

V as < 8 — — < 8 < 8 — < 8 < 8 < 8 — 256 — 1,024 4,096 4,096

R en < 8 < 8 — < 8 „ O — < 8 < 8 < 8 — < 8 — • 32 4,096 —

D an < 8 < 8 < 8 — < 8 — < 8 — < 8 — < 8 — 32 — 64

M il < 8 < 8 < 8 — < 8 — < 8 — < 8 — < 8 — 16 32 256

Spc <  8 < 8 < 8 — < 8 — < 8 — < 8 — 8 — 128 - - 4 ,096

R einfection

Bcr 64 256 512 128 128 • __ . -

L an 256 — — — — 256 1,024 — — — 1,024 — — 512

Pan 128 128 128 — 128 — 2,048 1,024 — — 256 — — 256

H er 128 256 — — 4,096 — 4,096 — 512 — 512 — — — 512

Dax 512 512 — — 512 — 4,096 4,096 — — 512 — — 1,024

U nderlined number* indicate first evidence of detectable antibody following prim ary  infection and  f in t  evidence of booster response a fte r reinfection . Rerulta a rc  recorded as the  
reciprocal of the rubella  hem agglutination-inhibition anGbody tite r.
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in the United States wen; carefully reviewed 
in nu excellent editorial by Dr. John  F. 
Endorsd" H e presented a fair and objective 
evaluation of the possible significance of re­
infection, jKitential couuntuuYnhility of the 
vaccine virus, and  duration of immunity. In 
the concluding paragraph of his editorial In­
stated, “A ccum ulating doubts such as these 
of the long-range cficciivencss of the rubella 
vaccination program  should not lie allowed 
for the present to interfere with its continu­
ation.” It was regrettable, however, that Dr. 
Endcrs’ comments were re|x>rlcd out of con­
text by several newspapers. T he most b latant 
distortion of the editorial appeared in a 
bold headline of the highly respected N ew  
York T im es  on August 4, 1970, stating, 
“Virologist suspects harm  in ruhella vaccine 
but would continue its use.” During the fiist 
week of August, 1970, the combined efforts 
of all the communications m edia--new spa­
pers, radio, television, and later, magazines- - 
created a new rubella problem which caused 
unnecessary anxiety and  confusion for pltv- 
sicinns and parents who were participating 
actively in die ruhella im m unization pro­
gram . T h e  distorted reports weic also trans­
m itted to many other countries.

At the present time 3 safe, immunogenic, 
well-tolerated, attenuated  ruhella vaccines 
are licensed for use in the U nited States, the 
IIPV -77 strain in duck embryo cell culture, 
the IIPV -77 strain in clog kidney cell culture, 
and  the Cendehill strain in rabbit kidney 
cell culture. In the wake of extensive large- 
scale studies, ii became apparent that the 
IIPV -77 strain in dog kidney cell culture 
was not acceptable for toutin'.- use in large- 
scale public health piogram s involving chil­
d ren ; it caused joint manifestations which 
were significantly more ficqurn t. more se­
vere, and more prolonged than those ob­
served with the o ther 2 vaccines. T h e  K.\ 
27 /3  strain of attenuated  ruhella vaccine, 
developed hy I'loikin and associate's11 and 
described at the International Conference 
on Rubella Im m unization, lias not been dis­
cussed because it has not yet been licensed 
for use in the I 'n ited States.

In  my opinion the eurient recom m enda­

tions for the use of live attenuated rubella 
vaccine in the U nited Slates represent the 
most logical and most feasible approach for 
the solution of the rubella problem in this 
country. A dditional experience gained from 
current and fu ture studies should provide 
advisory committees with d a n  which may 
be- used as a basis for modifications of the 
present vaccination program . T he recom ­
mendations for the use of measles vaccine 
have been modified on several occasions 
during the past 7 years. New inform ation 
which will become available will dictate the 
need for continuation or modification of cu r­
rent recom m endations for the use of rubella 
vaccine in the U nited States.

T he aim of the present rubella im m uniza­
tion program  in G reat Britain is to con­
centrate. their cIToris on 2 groups: all girls 
between the ages of 10 and 14 years and 
susceptible women of childbearing age who 
have no detectable rubella hem agglutination- 
inhibition antibody. They realize tha t this 
program  is not likely to have m uch efTcct 
if an epidemic were to occur within the next 
few years. O n the o ther hand, they believe 
that their program may have theoretical 
advantages for long-term protection against 
congenital rubella.

In contrast, the immediate aim  of the 
rubella program  in the United States is two­
fold: lo routinely immunize girls and boys, 
one to 12 years of age, the m ajor dis­
seminators of wild rubella virus, and to im ­
munize susceptible women of childbearing 
age on an individual and selective basis. If 
the im m unity does not prove lo be durable, 
it may be appropriate to leeom inend a sec­
ond inoculation of vaccine for all girls, who 
were vaccinated in infancy or early child­
hood. when they reach the age of 12 years.

T he problems associated with the vaccina­
tion of women of childbearing age have 
been aggravated by the failure of many 
piivMt-i.ms to abide by the following icrom - 
mciul.itioiis of the Public Health Service and 
American Academy of Pediatries C om m it­
tees: (H  lest for susceptibility by pet funn­
ing a rubella heiiiagglutination-iiiliibition 
lest. (2) if immune, do not vaccinate, and

/ NOTICE: THIS LATERIAL PAY PE PROnXTB) FY OTYRICIIT I.A1! (I'illE 1 7  U.S. COIF) /
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Measles and rubella im m unization  1 f>

(3) if susceptible, vaccinate only if preg­
nancy can be avoided during the subse­
quent 2 m onth period. D uring the past year 
many hundreds of women had therapeutic 
alxirtions because they became pregnant 
after receiving rubella vaccine wwhout a pre­
vious test for susceptibility. Tt is likely that 
a iicm agglulination-inliibition test would 
have revealed evidence of im m unity in 85 
to 90 per cent of them, 'i he incrctuiile toll 
in terms of unnecessary anxiety and cost 
could have been prevented by the perform ­
ance of this simple, highly specific, relatively 
inexpensive test.

During the 19G4 rubella epidemic phy- 
Mcians were helpless in their efforts to p ro ­
tect susceptible pregnant women. T he use 
of m any thousands of doses of gamma plobn- 
ITh l ia d li t l le effect on the incidence of r g n - 

genital rubella. T h e  developm ent and recent 
licensure of live attenuated  rubella vaccines 
represents an  historic event in  the field of 
preventive medicine. T h e  appropriate use 
of these vaccines should have a  m ajor im ­
pact on the control of the rubella problem.
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Li turns out, .1 numbor of surveys exactly like this have actually been per­
formed, and tho results arc graphed in Figures #2-,#6 . Figures ?/2 through //5 

obviously s. aw a very large number of deaths occurring in the first few days 

following DPT. These are not "bumps'* in the graphs; they are mountains.
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Could these "mountains" have occurred just by chance? The answer is yeG, but 

the likelihood of their occurrence by chance is e:ctre..iely small. Dr. Baraff, 

for example, calculated the chances of finding 6 of 53 deaths occurring on th* 
day of the shot to be less than 1 in 2000. Dr. Daniel Shannon of the 1TSIDSF 

calculated a very similar probability with regard to the data of tho Bernier 

study. That is a very small probability, and the probability of obtaining vir­

tually the same results by chance alone in 4 independent surveys is smaller
still ridiculously small. The obvious explanation of course is that DPT is

causing some deaths that are rightly or wrongly called SIDS. If DPT did not 

cause these "mountains", what did?

But what about Figure //6 , the NICHHD 3tudy? Here is a large-scale study, con­

ducted by a whole panel of SIDS experts, which demonstrates no apparent con­

nection between DPT and SIDS. The number of deaths per day is almost perfectly 

uniform. How can this discrepancy bo explained? I g  thi3 study right and the 
others wrong, or vice versa? Or was a different method used in the HICIIHD 

study which might help to explain how 3uch 'an opposite conclusion could be 

reached?
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The answer here is that the illCIUIB study did in fact employ a different method 

than the other 4 surveys, and the difference lies in the method of selecting 

;iIDS cases for study. Whereas Baraff, Torch, Beruler, and llickerson couuted 

any and all infants in the time period and ar-a under examination who were 

reputed to have died of SIDS, i.e. wno3e death certificates read "SIDS" or 

"crib death", the IIICHHD panel screened out certain cases beforehand. Some 

excluded from study were infanta on whom no autopsy had been performed, and 

infants whose autopsies contained findings that varied from a "standardised" 

SIDS autopsy as defined by the panel. It is extremely common for autopsies of 

"auspicious DPP-SIDS" victims to contain deviations from the classic SIDS au­

topsy; a few examples of 3uch non-SiDS findings (of the many we are personally 
aware of) are encephalopathy of the brain and cerebral hemorrhage. The ques­

tion is: which types of cases did the iilCHHD panel exclude and which did they 

include in their prescreening process? Unfortunately, despite repeated at­

tempts to have this question answered, no reply has been forthcoming. Did the 

H1CHID, perhaps unwittingly, "load the dice" by excluding from study those 

cases they needed mo3t to include? And where does this leave the parents of 
babies whoso deaths have been ruled SIDS by the local coroner, and are now 

ruled not SIDS by the iilCilliD? It 13 important to underscore: If the NICHHD did 

inadvertantly exclude DPT deaths (ruled SIDS) by excluding atypical autopsies, 

when Baraff, Torch, llickerson, etc. included these atypical autopsies, this 

would explain tne apparent contradictions in findings, and lead U 3 to suspect 

that: indeed DPT do on no I; appear to cause real SIDS deaths, but some DPT deaths 

are beinn pno.lia.gnoscd as SIPS. And a footnote on the apnea habies (used to be 

called "near-SIDS-miss") with regard to all of this: current research is only 

finding a overlap between apr.ea-aufferirg babies and SIDS victims. This over­

lap is so small that wo would not expect any of the studies we've discussed to 

clearly demonstrate DPT risk for apnea-prone babies. Until more studies on the 

effect of DPT or. such babies are aone, we are left with Dr. Shannon's frighte­

ning experience where about 20^ of such babies required resuscitation within 24 
hour of DPT.

The jury is still out on the v.._estion of whether or not DPT causes some r..al 

SIDS deaths. There are many, including Dr. lorirg Dales, head o? immunization 

for the state of California, for whom the HICHHD does not 3ettle thi3 i3sue: 
"...enough other evidence exists to cause continued concern that the vaccine 

may rarely cause SIDS, so that need is felt for continued investigation of the 

matter...". (Source: Dales, I. 1984. Pertussis Vaccine ar.d SIDS. Cal. State 

Dept. Health Services: SIDS Newsletter, Summer, 1964.)

A final note on the studies: the experts have engaged in a lot of debate over 

the merits of the various studies. Baraff and Torch, for example, have teen 

criticized for not using a "case-control" method, like that used by the HICHHD. 

And yet Alvan ?ein3tein, Pro.'sssor of Medicine at Yale, and a widely respected 

authority on medical statistics, said about the "case-control" method: "hid­

den bias can substantially distort the results." This is a particular danger 

wher. a group is treated as being homogenous when it is really comprised of 

many different entities. Everyone agrees that SIDS is a catch-all term for 

many different causes of death, i.e. SIDS victims are not a homogenous group.

The debate over study design can go on (and will) indefinitely, and is beyond 

the scope of this brochure. Meanwhile, babies are dying. It is true that Ba r­

aff and Torch had no control groups, but it is equal3.y true that no plausible 

explanation for their findings, outside of DPT's responsibility, has ever 

been advanced. "It's all a coincidence" is hardly a plausible explanation. The 

treasure of our babies.' lives deserve a better explanation than that, and im­

mediate intensive research.

A fi».al note: The poor quality of SIDS autopsies and the misclas3ification of 

DPT deaths as Si'DS is hindering progress on the prevention of many types of 

infant deaths. If we could exclude DPT (and other non-SIDS) deaths from SIDS 

studies, true SIDS risk factors would be more likely to become clear. The DPT 

(aud other con-SIDS) victims could be "cloudying the water," and postponing the 

discoveries that will save babies' lives.

1936 UPDATE

The "abstract" of the llickerson study has been published (llickerson BG, Robin­
son BK: How many Sudden Infant Death Syndrome victims ware recently immunized? 
abstract, a 261 , .7 Soc Ped Res).

llickerson concludes that "a relationship between SIDS and immunization accounts 
for loss titan 6.3'S of total SIDS deafch3 ." If we apply hi3 finding of an approx­
imate 6;« excess of deaths beyond those expected by*chance within 5 days of DPT, 
to the 6,000-10,000 estimated deaths ruled SIDS (correctly or not) each year, 
we find £60-600 babies in the U. S. each year whose deaths are "vaccine-related" .

This study raises serious questions about the DPT benefit/risk ratio, as CDC 
has estimated 450 deaths from whooping cough per year in the absence of per­
tussis vaccine. (Hir.man A et al. 19«4. Journal of” the AHA 251(22): 2109-13.)
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Duration of Therapy for Neonates  w ith  Seizures

LA U RA  R. M E N T  a n d  S A M U E L  L. B R ID G E R S, N ew  H a v e n , CT

9:30 AM 1
N eonatal se izu res c o n s titu te  a s ig n if ic a n t problem  in th e  

N eonatal In ten s iv e  C a re  U n it  (N ICU ) p o p u latio n , occurring  
in approxim ately 391 of neonates adm itted  to o u r NICU . V arying 
recom m endations hav e  been  m ade on th e  d u ra tio n  o f an tico n ­
v u lsan t th e rap y  follow ing n eo n a ta l se izu res. C oncerns over 
adverse  effects of p h en o b arb ita l on develop ing  in fan ts  m u st 
be balanced  a g a in s t th e  likelihood th a t  se izu res will re cu r 
w ithou t m edication . In fa n ts  trea te d  in o u r  N IC U  for neonata l 
se izures w ere tap ered  off p h en o b arb ita l i f  they  h ad  norm al 
neurologic e x am in a tio n  a n d  n o rm al E E G  a t  corrected age 3 
m onths, and  no h is to ry  o f  se izu res since  d ischarge . In th e  23

in fan ts  fu lfillin g  th ese  c r ite r ia ,  w ith  m ean  b irth w eig h t o f  2810 
g ram s (range , 630 to 4120  gm ) and m ean  gesta tio n a l age a t 
b ir th  o f 37 w eeks (ran g e , 25 to 43 w eeks), se izu re  etio logies 
included  a sp h y x ia  (9), in tra c ra n ia l  h em o rrh ag e  (41. fam ilia l 
n eo n a ta l se izu res  (2), m etabo lic  ab n o rm a litie s  (2>. sep sis (1), 
in farc t (1), narcotic  w ith d raw al (1), and undeterm ined (3>. W ith 
a m ean  follow-up to  ag e  13 m o n th s 'ra n g e , 6 to  29 m on thsi in 
22 in fan ts , none h as  su ffe red  re cu rre n t se izures. A norm al 3- 
m o n th  ev a lu a tio n  a llow s safe  w ith d raw al of an tic o n v u lsan ts  
in in fan ts  w ith  a  h is to ry  o f n eo n a ta l se izures, reg ard less  of 
etiology.

Generalized Neonata l Seizures in Primates: Focal Inhibition 
of Protein Synthesis in Vulnerable Regions

C.G. W A S T E R L A IN  a n d  B. D W Y E R , Los A n g eles , CA

A new m ethod for q u a n ti ta t iv e  au to rad io g rap h ic  m ea su re ­
m en t of b ra in  p ro te in  sy n th e s is  w ith  I-[“ C ]-valine  w as used 
to study  tw in  p a irs  o f new born  m arm o se t m onkeys (4 to 7 days 
old) and ra ts  (4 days old) d u rin g  generalized  bicuculline seizures 
(5 m g per k ilog ram  IP  30 m inu tes). In  con tro ls, th e  ra te  of 
[NC]-valine incorporation in to  p ro teins w as h ig v  in hippocam pal 
cell bodies and  in som e la y e rs  o f  th e  la te ra l  g en icu la te  nuclei; 
s lig h tly  low er in  cortex , m o d era te ly  low er in  c au d a te  and th a '-  
am us, and considerab ly  low er in  w h ite  m a tte r . In m arm osets,

9 45 AM 2
se izu res  re su lte d  in a  p rofound  in h ib itio n  of p ro te in  sy n th e s is  
in h ippocam pus and  co rtex , w hile  som e lay ers o f the  la te ra l 
gen icu late  nuclei rem ain ed  ex trem ely  active  in protein syn thesis 
and o th er regions show ed in te rm ed iate  changes. These regional 
v a ria tio n s  w ere  m uch  less  s tr ik in g  in ra ts .

T h e  re m a rk ab le  focality  o f th e  in h ib itio n  of b ra in  p ro te in  
sy n th e s is  in  g en era lized  b icu cu llin e  se izu res in p r im a te s  m ay 
b e a r  a  re la tio n sh ip  to th e  se lec tive  v u ln e ra b ility  o f som e n e u ­
ronal po p u la tio n s to ep ilep tic  dam age.

Diphtheria>Pertussis-Tetanus (DPT) Immunization: A  Potential 
Cause of the Sudden Infant Death Syndrome (SIDS)

10:00 AM 3
W ILLIA M  C. T O R C H , R eno, N V

A recen t report o f e ig h t D PT -associatcd  col d e a th s  in T en ­
nessee, and know ledge of four sudden  d e a th s  w ith in  3 Vi to 19 
hours of inocu lation  in  N ev ad a  (in th re e  in fan ts  and  one 3- 
year-old child) s tim u la te d  a s tu d y  on th e  re la tio n sh ip  o f SID S 
to DPT im m uniza tion  in over 200 ran d o m ly  reported  SIDS 
cases. P re lim in a ry  d a ta  on th e  f irs t  70 cases stu d ied  show s 
th a t  % h a d  been im m unized  p rio r to d e a th . D PT # 1 ,2 ,  and  3 
w ere adm in iste red  on th e  av erag e  a t  ag e  2, 4, and  6 m onths, 
respectively. In th e  D PT SID S group, 6.5%  died w ith in  12 
hours of inocu lation ; 13% w ith in  24 h o u rs , 26% w ith in  3 days, 
and  37%, 61%. an d  70% w ith in  1, 2, and  "  w eeks, respectively . 
S ign ifican t SID S c lu s te r in g  occurred  w A hin  th e  f irs t 2 to 3 
w eeks of D PT # 1 , 2, 3, o r  4. T he age  ra n g e  of th e  D PT group

w as 59 days to  3 y e a rs  (m ean  age, 3 m on thsi; for the  non-D PT 
group, 17 to 172 d ay s (m ea n  age, 2 m onths). SID S frequencies 
peaked  at. ag e  2 m o n th s  in  th e  non-D PT  group, and had a 
b ip h as ic  p eak  occurrence  a t  2 and  4 m o n th s  in th e  DPT group. 
D PT #1 an d  2 w ere a sso c ia ted  w ith  m ore SID S th a n  # 3  or 4 
( ra tio  30:11:4:1). M ales a n d  fem ales w ere  eq u ally  affected. Cot 
d e a th  occurred  m ax im ally  in  th e  fall w in te r  season  in th e  non- 
D PT group, b u t w as n o n seaso n al in th e  DPT group. D eath  
occurred  m o st often in  s leep  in h e a lth y  a lle rgy -free  in fan ts  
follow ing b r ie f  periods o f  i r r ita b il i ty , c ry ing , le th a rg y , up p er 
re sp ira to ry  t r a c t  sy m p to m s, an d  sleep d is tu rb an ce . A utopsy 
find ings in bo th  g ro u p s w ere  typical o f  SID S, (e.g. petech iae  
of lu n g , p leu ra , p e ric a rd iu m , an d  thy m u s; v ascu la r congestion;
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TJtmtrouaiy euem a; pneum onitis; and b ra in  edem a). In conclu- potential benefits. A need for reevaluation  and possible mod- 5
sion, these d a ta  show th a t  DPT vaccination m ay be a generally  ification of cu rren t vaccination procedures is indicated by this
unrecognized m ajor cause of sudden in fan t and early  childhood study,
death, and th a t the  risks of im m unization m ay outweigh its

L o c a l  C e r e b r a l  G l u c o s e  U t i l i z a t i o n  i n  t h e  B e a g l e  P u p  

M o d e l  o f  I n t r a v e n t r i c u l a r  H e m o r r h a g e

10:15 AM 4
LAURA R. MENT, CHARLES C. DUNCAN, RICHARD LAMBRECHT, and WILLIAM B. STEWART. 
New Haven, CT, and Upton, NY

In traven tricu lar hem orrhage (IVH) is a m ajor neurologic 
problem of preterm  infants and is thought to be a m anifestation 
of a lteration  in blood flow to the  germ inal m atrix . N eonates 
w ith IVH often have long-lasting hypoglycorrhachia, which 
m ay imply profound a ltera tions in cerebral m etabolism . Such 
metabolic alterations could have significant neurodevelopmental 
consequences. Therefore, we have utilized the  NC-2-deoxyglucose 
(2DG) method to study local cerebral glucose utilization (LCGU) 
in the beagle pup model of IVH. Six pups (12 to 48 hours, 300 
to 425 gm weight) were anesthetized, tracheotomized, paralyzed, 
and ventilated. A rteria l blood gases and blood pressure were 
obtained through a femoral a rte ry  cannula. IVH was induced 
(and la ter docum ented by neuropathology) by rem oval of 20 
to 257c of their total blood volume via a femoral venous catheter, 
followed by rapid venous reinfusion 5 m in u tes  la ter. Five ad­

ditional pups served as controls. In the hemorrhage pups, MABF 
was 80 mm Hg prio r to the w ithdraw al of the blood, 65 mm 
Hg during  the hypotensive phase, and 93 mm Hg following 
reperfusion. Control pups had MABP 82 mm Hg throughout. 
F ifty m inutes following the  induction of IVH, LCGU was 
m easured. 1JC-2DG concentrations were 23 ,12 , 20, and 18 gCi 
for the  cortex, w hite m atter, caudate nucleus, and germinal 
m atrix, respectively, of the controls. For the experimental group, 
2DG concentrations included cortex, 19; w hite m atter, 17; cau­
date nucleus, 19; and  germ inal m atrix , 17 |cCi. In the presence 
of IVH, LCGU throughou t the  bra in  becomes homogeneous, 
and although  cerebral blood flow changes m ay be localized to 
specific regions of hem orrhage in th is  model of IVH, there  may 
be an  uncoupling of blood flow and m etabolism  throughout 
the brain.

T h e  C e r e b r o p h y s i o l o g i c  R e s p o n s e  o f  N e o n a t a l  D o g s  t o  10:30 AM 5

G r a d e d  H y p e r t e n s i o n

RICHARD S. K. YOUNG, SUSAN K. YAGEL, and RUDOLFO AZZIZ-BAUMGARTER, Hershey, PA
We have previously determ ined regional cerebral blood flow 

(CBF) in the newborn dogduring normotension and hypotension. 
We have now m easured the cerebral physiologic responses of 
newborn dogs to graded hypertension, using an  autoradiographic 
method with HC-iodoantipyrine as indicator. Newborn mongrel 
dogs (1 to 10 days of age) were given an in trav en o u s infusion 
of m etaram inol (0.041 to 0.082 m g per k ilogram  per m inute) 
to raise mean a rte ria l blood pressure (MABP) from 61 ± 5 to 
91 ± 3 or 105 ± 6 mm Hg (p <  0.001). T hese elevations in 
MABP led to w idespread increases in CBF, p articu larly  in 
diencephalon (thalam us: from 22 ± 10 to 56 ~ 13 ml/100 gm/ 
m in, p <  0.001), b rainstem  (m edulla: from 28 *  10 to 74 ±

22 ml/100 gm/min, p  < 0.001), and cerebral w hite m atte r (from 
6 ± 2 to 12 ± 3 ml/100 gm/:nin, p  <  0.001). In addition, all 
an im als developed m arked subarachnoid or in traventricu lar 
hem orrhage.

In the  newborn dog, CBF is held constan t or "autoregulated" 
a t  MABP of 30 to 80 mm Hg. A lthough hypotension leads to 
reductions of CBF only in periven tricu lar and occipital white 
m atte r, hypertension produces widespread increases in CBF. 
These findings suggest th a t periven tricu lar leukom alacia is 
related to cerebral ischemia, while cerebral hemorrhage results 
from acute increases in CBF.

6T h e  E f f e c t  o f  G l u c o s e  S u p p l e m e n t a t i o n  o n  N e o n a t a l  10.45  am

H y p o x i c - I s c h e m i c  B r a i n  D a m a g e

(jfl^HERESA VOORHIES, DO ,'IALD G. RAWLINSON, and ROBERT C. VANNUCCI, New York, NY
ologic analysis revealed a ltera tions only in those ra ts  subjected 
to both carotid artery  ligation and hypoxia. Infarction ipsilateral 
to the arteria l occlusion occurred in 507c of both glucose-treated 
an im als (four of eight) and saline controls (th ree of six). In all 
th e  glucose-treated an im als, infarction involved the en tire  te r­
ritory  of the rig h t middle cerebral a rterv . w hereas in only one

The observation th a t glucose treatm ent increases the survival 
of hypoxic perinatal an im als provides the  -a tionale  for the 
adm inistration of glucose lo asphyxiated new! om  infants. 
However, studies in ad u lt an im als suggest th a t  glucu... up- 
plem entation accentuates hypoxic-ischemic b ra in  dam age. To 
resolve the apparen t paradox, 7-day postnatal ra ts  undcrsvent
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cuts to tlti? bkxxl or other body fluids o f the infected child 
a highly unlikely occurrence. Even then routine safety pro 
cedures for handling blood or other body fluids (which 
should be standard for all children in the school or day 
care setting) would be effective in preventing transmission 
from children with AIDS to other children in school.

Children with AIDS are highly susceptible to infections, 
such as chicken pox, from other children. Each child with 
AIDS should be examined by a doctor before attending 
school or before returning to scluxil, day care or foster can 
settings after an illness. No blanket rules can be made for 
all scluxil boards to cover till possible cases < if children with 
AIDS and each case should he considered separately and 
individualized to the child and the setting, as would be 
done with any child with a special problem, such as cere­
bral palsy or asthma. A good team to make such decisions 
with the scluxil board would be the child's parents, physi 
cian and a public health official.

Casual social contact between children and persons 
infected with the AIDS virus is not dangerous.

Insects

There tire no known cases o f All >S transmission by insects, 
such as mosquitoes.

Pets

Dogs, cats and domestic animals are not a source o f  ink 
tion from AIDS virus.

Tears and Saliva

Although the AIDS virus has been found in tears and saliva, 
no instance o f  transmission from these body fluids has 
been reported.

/MD5 conies from sexual contacts uitb infected peisons 
andfixnn tlx s/xtring of syringes and needles llxrc is 
no danger of infection uitbsUDS vims by casual social 
contact.

listing o f Military Personnel

You may wonder why the Department o f Defense is cur­
rently testing its uniformed services personnel for presence 
of the AIDS virus antibody. The military feci this procedure 
is necessary because the uniformed services act as their 
own bltxxJ b:tnk in a time o f national emergency They also 
need to protect new recruits ( who unknowingly may be 
AIDS virus carriers) from receiving live virus vaccines. 
These vaccines could activate disease and be potentially 
life-threatening to the recruits.

2-t 25



’opinion v ill be a much more 
£  phenomenon in American 
'jjife than the person who 
?the opinion himself, Bruce
II.

no question that Franklin 
pillar and effective teacher. He 
'.'as one student put it, the only 
•"at Stanford who both advo- 

lived according to Marxist 
jd thus exposed students to 
principles in a fashion that no 
ylly committed was capable of. 
was perhaps inevitable that 
^who had the habit of signing

his letters "death to all Fascist pigs" 
and frequently identified the university 
•»«t part of an '■ducational-industrial 
complex that he held responsible for 
the Vietnam war, should clash with 
the Stanford administration, who cor­
rectly identified Frankliu’s long-range 
goal as stopping the "normal" activities 
of the university.

Dershowitz and other civil libertar­
ians have pointed our that the quasi- 
legal nature of campus hearings—which 
exclude, for example, the right to chal­
lenge prospective jurors—provides fewer 
guarantees of due process than exist in

criminal law. Thus the dismissal of 
persons such as Franklin for "just 
cause," as interpreted by most faculty 
members in U.S. colleges and univer­
sities, may nonetheless result in the 
weakening of academic freedom. Dis­
agreeing with this view, however, ad­
visory board chairm an Kennedy told 
Science that, his dissent on Franklin’s 
dismissal notwithstanding, he believes 
existing procedures do protect academic 
freedom. The result a t Stanford, in any 
event, has been to leave the university 
a quieter, but possibly less interesting, 
place.— A l l e n  L. H a m m o n d

8

Division of Biologies Standards: 
|  The Boat That Never Rocked

cntific mismanagement in a document 
made public by Senator Abraham Ribi- 
coff (D -C onn.) (Science, 3 M arch). 
The significance of the specific charges 
raised by Morris and Turner has yet 
to be determined, but their indictment 
prompts a number of general questions 
about the role of the DBS in vaccine 
regulation. How well has the DBS re­
search program been managed? W hat 
arc  the important decisions that have 
faced the DBS and how has it ap­
proached them? What kind of a  track 
record does the division have in fulfill­
ing its regulatory responsibilities?

These questions are hard to answer 
from the outside, in part because o : the 
clublike, partly closed nature of die 
vaccine community. Federal responsi­
bility for vaccines does not rest solely 
on the DBS, but is diffused over a 
handful of committees with interlock­
ing memberships. Thus, if the mass 
annual inoculations against influenza 
were indeed the “forcing on the public 
[of] a bogus situation. . . . The vaccine 
we were promoting was not having any 
beneficial effects,"* it is not too clear 
whether responsibility would lie with 
the DBS for certifying an inefficacious 
vaccine or with a second body, the

•  A . D . Langm uir, International C onference on 
Ihe Application o f V a cd n e t  (Pan A m erican 
H ealth  O rganization, W ashington, D .C., Decem ­
ber 1970), p. 614. Langmuir, now at the H arvard  
University M edical School, was formerly head of 
the epidemiology branch of the Center fo r Dis­
ease Control at A tlanta, Georgia.

t-
:-.can be few graver opportu- 
ir man-made disaster than the 
imunization campaigns that are 
iVine in many countries. Should 
:inc preparations become con- 
:d with an undetected agent 
|m the host cells, such as a 
:ausing virus, a whole gencra- 
vaccinees could be put in jeop- 
ffiis, of course, is no science 
writer’s horror story— it has al- 
appcned once; millions of peo- 
e'been injected with a monkey 
io’wn as SV40, which was found 
-to be contaminating polio and 
inis vaccines. The virus causes 
in hamsters; no one yet knows 
^nay do in man. 
to f forswearing all vaccines and 

the return of epidemic dis- 
the necessary safeguard against 
ccidents is vigilant surveillance 
jgarch. The government institu- 
Jhusted with this duty is the 
&of Biologies Standards (DBS), 
E?n agency set on the campus 
National Institutes of Health, in 

Maryland. The DBS has re- 
lj*cn the focus of unfavorable 
9* A Civil Service grievance 

recommended censure of the 
^ .  management for allowing a 
Search scientist, J. Anthony 
W ° be harassed by his supcr- 
jj^Scie/ice, 25 February), and 
Sjt?nd his attorney, James S. 
khavc accused the DBS of sci-

iv? W l

Center for Disease Control’s Advisory 
Committee on Immunization Practices 
(A C IP), whose function is to decide, 
who should be vaccinated against what. 
Again, when the typhus vaccine shot 
into every U.S. Army recruit since 
World Wax II turned out in 1969 to be 
producing insufficient antibody even 
though it had regularly passed the DBS 
tests, it was unclear whether the DBS 
or the Armed Forces Epidemioiogical 
Board (A FEB) should daim  father­
hood of the fiasco. Federal responsi­
bility for the development of new vac­
cines is notably imprecise. Both the 
DBS and another segment of the NIH, 
the Infectious Diseases Branch of the 
National Institute of Allergy and In­
fectious Diseases, are permitted to de­
velop nev. iccincs, but neither has spe­
cific res ’'ility for doing so.

Besides "/■ seness of responsibility, 
the picture i. Iso blurred by a reluct­
ance among vaccine workers to discuss 
problems openly when they arise. This 
is because of the understandable fear 
that public confidence in vactines—  
and vaccine authorities—will be eroded. 
As one participant— in fact, the chair­
man of the N IH  committee that studied 
the M orris-Tumer charges—said at a 
recent conference on vaccines: “From 
our debates on what is best or what is 
wrong, we are conditioning the public 
to reject measures that sometimes, in 
some situations, are very important."! 
The importance attached to presenting 
an unruffled surface to the public is 
exemplified by the SV40 incident of 
1961; even when the contaminating 
virus was found to be oncogenic in 
hamsters, the DBS and its expert ad-

t  A . S. Benenson, In ternational Conference on the 
Application  o l Vaccines (Pan A m ericas H ealth  
O rganization, W ashington. D.C., D eceisaer 1970),
p. 612.
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visory committee decided to leave ex­
isting stocks on the m arket rather than 
risk eroding public confidence by a 
recall. Even after the polio accidents of 
1955, the scandal that led to the cre­
ation of the DBS from the form er Lab­
oratory of Biologies Control, contin­
uity was stressed as much as change; 
the assistant chief of the laboratory, 
Roderick Murray, became the director 
of the DBS, and the chief of the lab­
oratory became a lab chief in the DBS.

None of this implies that faults have 
been covered up or that the public has 
been conspired against in any way; but 
there are dangers that problems will be 
underemphasized in any system that 
discourages the fullest possible discus­
sion, as some believe the DBS does. 
For instance, a recent article on the re­
actions associated with viral vaccines 
concludes: "There has been a tendency 
on the part of certain higher govern­
ment circles to play down any open 
discussion of problem ' ated with 
vaccines. . . . Pcrhap. .is has been 
overdone. Scientists now find them­
selves in the position of balancing the 
benefits of a vaccine against the risks, 
yet arc in no position to judge what 
the long-term risks arc.”}:

Evaluating the risks of vaccines is 
one of the tasks of the DBS, which is 
charged with ensuring the safety and 
quality of biological products. Of the 
six laboratories of the DBS, one deals 
exclusively wtih blood products, one 
with inspection and control activities, 
and the remaining four with vaccines. 
For fiscal 1972 the DBS has a budget 
of just over $9 million, of which 
roughly S2 million is devoted to an 
extramural contract research program. 
The in-house budget of the DBS is 
split roughly equally between research 
and control activities (no exact figure 
is available).

Without doubt the DBS has capably 
fulfilled its minimum function, that of 
ensuring the immediate safety of vac­
cines. What is at question is whether 
the DBS has adequately carried out 
such broader responsibilities as improv­
ing the quality of vaccines and assessing 
the longer term risks and benefits asso­
ciated with vaccine use. To carry out 
such responsibilities, the DBS might be 
expected to support an aggressive, cen­
trally directed research program, closely 
coordinated with regulatory decisions.

In fact, the DBS research program is 
neither evidently aggressive, nor strong­

ly directed, nor ranked in equal im­
portance with regulatory activities. The 
attitude of the present management to­
ward research is more one of toleration 
than active encouragement. Over the 
last decade, DBS Director Roderick 
M urray has not been notably successful 
in increasing the DBS’s research com ­
petence. Although Murray has been di­
rector since 1955, when the DBS was 
created, the division in its early years 
was closely supervised from  the N IH  
front office by James A. Shannon, then 
director of the NIH, and associate di­
rector Joseph E. Smadel. Smadel even­
tually transferred to the DBS as a lab­
oratory chief, from which position he, in 
effect, directed the division until his 
death in 1963. During this period, the 
DBS stall grew from 54 to 249 positions; 
between 1963 and the present, the DBS 
has enjoyed a net increase of 11 per­
sons, although its responsibilities have 
grown in far greater proportion. The 
only major growth in DBS research ac­
tivities since 1963 was the establish­
ment of the contract research program 
in 1966. But the program originated 
from elsewhere on the N !H  campus 
and was assigned to the DBS by the 
NIH front office.

H eadless R cscnrch P ro g ram

What many consider to be a major 
structural weakness in the present DBS 
research program is the absence o f a 
scientific director. Although this func­
tion might be expected to be performed 
by the director of the DBS, M urray has 
left the planning of research to the ini­
tiative—some say the whims— of the 
laboratory chiefs. The only attempt at 
central coordination of research was 
in 1966, when the N IH  front offi e 
assigned Leon Jacobs, a  toxoplasma 
expert, to direct the new contracts pro­
gram. Jacobs also took the title of sci­
entific director, but left the DBS with­
in 2 years, apparently because M urray 
allowed him no authority over the in- 
house research program. The N IH  front 
office (where Jacobs is now assistant di­
rector for collaborative research) has 
made no attempt to install a second 
scientific director of the DBS, presum­
ably because of the experience of the 
first.

Despite the absence of central direc­
tion, some DBS scientists believe the 
various lab chiefs have coordinated 
their activities to cover all the essen­
tial areas of research, al least in relation

• » •' »!•«;» r*n<T 0»Vir*rr rnn.

lowed to develop. Says f, 
scientist Kendall 0 .  Smith 
fessor of microbiology at tii" 
o f Texas Medical School, s  
“There are inexcusable gapj 
research program, specifica] 
to .the safety of the viral sul 
to grow vaccines. It’s on 
ultraconservatism that mais 
less obvious than they’an 
form er DBS scientist, B/" 
now chairman of the mien 
partm ent at the University* 
criticizes the scanty efforts': 
ticipate research problems, 
time the DBS got upset 
before something came uj 
ing,” Young told Science. *

Specific research area: 
the DBS coverage is mos 
faulted are the improvemer 
vaccines, particularly influe 
tussis, the hypersensitivity- 
associated with certain kii 
and the study of the vario 
and .other viruses that are': 
taminants of vaccines. £

Besides lacking scientil 
the DBS research progTaj 
ably also suffered, or failt 
from the use made of the 
of scientific counselors. A’ 
inally constituted to look 
search program of the '  
board has, according to h 
only one real suggestion' 
and even that was n o t| 
Since membership, is dra 
ranks of the most distinj 
tists in the vaccine fielc 
would not seem to hay?• "fHI
the best possible advan 
present members compte 
have been used only as 
board," and clearly the-'i 
DBS research program j  
very different if the boa 
existed. ' 7 3

R esearch Findings Un

Potentially more sonoj 
organizational weakness ’ 
sources is the attitudes 
agemeiyt toward research 
have implications f°r jre 
sions. There is no pro°£ 
management has delibera 
suppressed scientific jda 
seems to have been a .cu) 
seeking out or pursuing 
with implications for'&» 
cision. Present and form
1ivl<; rc p ca te d lv  ItSC the



gjtoward research that might lead 
•{^regulatory change or decision, 
tfiijg to C. W. Hiatt, formerly 
d e m is t  at the DBS and now at 
oTversity of Texas Medical School, 
Antonio, "The intellectual attitude 
;tDBS management was not hos- 
fjoDg as your research didn't rock 
at." We only got ourselves tangled 

we got involved in any way 
•ontrol responsibilities. The oc- 
s ^ h e n  actual findings were ig- 
’vvere very, very few. But there 
ncipient instances of that, when 
irganizadon would prefer you 
get into a given area."
.a scientist who is still with the 
•The DBS is negative toward re- 
iThe main concern of the man- 
it'.is to fulfill their regulatory 
n,' and there is a certain air of 
:e.toward basic research. . . . 
is. something about Murray that 
comes back to the same theme, 
cock the boat.’ "
.’.Young, a former DBS scientist 
is. endorsed the Morris-Turncr 
is of the DBS management, dc- 
:the DBS altitude toward re- 
as being one of "suppression, 
ent, and censorship of individ- 
stigators such as Morris, Eddy, 
ind Hiatt. I finally came to rca- 
: you had either to compromise 
or leave. Morris and Eddy are 
heroes in that place because 

tyed and fought. The others 
ith their feet and left." 
s has stated that he was re* 
rom influenza control duties 
he raised questions about the 
of the vaccine. Eddy was de­
fter demonstrating in 1961 that 
ms causes tumors in hamsters, 
liatt, and Young left the DBS 
ing reasons, but each had dif- 
ongly with the DBS manage- 
er particular research issues 
felt should prompt a regula- 

sion. Hiatt, as senior chemist 
>S, believed that manufacturers 
5 required to institute a stan- 
istrial check test to ensure that 
aervatives had not been added 
es. "Most chemists with any 
industrial background would 
' in not insisting that this kind 
ing be followed," Hiatt told 
“but the management felt I 
[crating its importance."
•ccific issue that concerned 
» the procedure for screening 
:y cells used in growing vac- 
i detect all the possible con­

taminating viruses, you need to hold the 
cells for much longer than the 2 weeks 
specified in the DBS regulations. One 
of the chief ways I became obnoxious 
to the DBS management was in con­
tinuing to press for a longer incubation 
time. I think it is unforgivable that the 
DBS did not change their regulations" 
Smith told Science.

What alarmed Young was the dis­
covery by a DBS research contractor 
of herpes virus in the dog kidney cells 
in which it was proposed to produce ru­
bella vaccine. Yet, Young says, he 
could not get the DBS authorities to 
investigate the matter further; "The 
DBS puts almost total trust in the man­
ufacturers to do all the most important 
testing work. The DBS simply reads 
the manufacturers’ protocols."

Part of the dissatisfaction felt by 
these scientists could be due to the ap- 
p trcnt uncommunicativeness of the DBS 
management in explaining its actions. 
Murray, who in fact has delegated little 
if any of the dccision-makng power in 
the DBS, is not by nature expansive. 
"Even those who work with him rarely 
know his opinion on a matter," says a 
colleague. Another factor in the dis­
trust felt for the management's attitude 
toward research may be one related to 
the nature of scientists. "Scientists are 
particularly hard to direct unless they 
feel a certain amount of respect for the 
personality directing them," says one 
vaccine specialist. "M urray has done 
reliable, consistent work on hepatitis, 
but is not much known scientifically."

But the personnel problems of the 
DBS seem to go deeper than just the 
handling of scientists. The Morris griev­
ance hearing last year resulted in a com­
mittee recommendation that the DBS 
management be censured for allowing 
Morris to be harassed. The NIH front 
office does not accept this verdict. Says 
Robert W. Berliner, NIH deputy direc­
tor for science, “If the DBS deserves 
censure, it is because they tolerated 
Morris for as long as they did. Morris 
was disruptive, insubordinate, and failed 
to take adequate action to straighten 
out the problems of the flu vaccine po­
tency." (M orris’s position is that he did 
try to improve flu potency tests, even 
though DBS managers ignored the re­
sults of existing tests.) Morris, how­
ever, is not alone in finding the DBS 
management hard to live with; besides 
the scientists who have left, some 20 or 
so members of the present stall of the 
DBS are involved in personnel disputes 
of various degrees of severity.

How has the management of research 
contributed to the DBS decision-m king 
process? Significantly, maybe, many 
of the most important decisions made 
by the DBS have been reached with 
the aid of large, often international, 
conferences. M urray says the licensing 
of live polio vaccine in 1961 was the 
hardest choice he has faced because 
there were three different virus strains 
from which to select, but he empha­
sizes that the decision was made on a 
collective basis, not by him alone.

D ecisions on  R ubella  and  W I-38

Another important decision was the 
licensing of rubella vaccine in 1969, 
when again there was a choice of virus 
strains— one developed by three scien­
tists in the DBS (Harry M. Meyer, 
Paul D. Parkman, and Hope E. Hopps) 
and another by Stanley Plotkin of the 
W istar Institute. There is no reason to 
suppose that individual DBS scientists 
acted other than entirely honorably, but 
the DBS as an institution was put in a 
classic conflict of interest position in 
having to decide upon a vaccine it had 
itself developed. The position was made 
the more invidious when a particular 
manufacturer, Merck Sharp and Dohme, 
abandoned its own strain o f' rubella 
virus in favor of that developed by 
the DBS. Even if Murray was scien­
tifically justified in awarding the vac­
cine license to Merck Sharp and Dohme 
with the DBS virus strain, he failed to 
do so in a m anner that was obviously 
fair to observers inside or outside the 
DBS. Says form er DBS scientist Smith 
of the rubella decision: “The situation 
was not handled in a manner that 
could clearly be seen to be just. Mur­
ray must have seen it coming step by 
step. -He could have stopped it but 
didn’t." According to Paul S. Moor­
head o f the University of Pennsylvania 
and a member of the board of scientific 
counselors, 'T h e  handling of the ru­
bella vaccine was an obvious conflict of 
interest and the DBS made no obvious 
attempt to head it off."

Perhaps the single most important de­
cision to have faced the DBS— although 
Murray says he does not regard it as 
important— is that of whether to make 
vaccines in primary cells or ip. continu­
ously passaged cells. In brief, the ad­
vantage of continuously passaged cells 
is that they can be exhaustively tested 
for normality, the absence of contami­
nating viruses, and so forth. By con­
trast, primary cells, which are taken 
directly from animal tissues such as

1972



monkey kidney or duck eggs, may 
carry the viral flora unique to their 
host, yet for economic reasons can only 
be screened in a comparatively cursory 
manner. ?

In 1962, a continuously passaged 
cell line derived from a human fetus 
was established by Leonard Hayflick, 
then at the Wistar Institute. Hayflick's 
cells, known as WI-38 cells, have been 
used for vaccines in other countries 
and, since 1965, by the U.S. Armed 
Forces. Yet the first WI-38 vacciVie for 
U.S. civilian use was licensed by the 
DBS only last month.

Why did the DBS take a decade to 
make up its mind on WI-38 cells? Hay­
flick, now at the Stanford University 
School of Medicine, gave Science the 
following account of his efforts to per­
suade M urray to come to a decision 
on the cells. By 1963-1964, it had be­
come clear, Hayflick says, that the DBS 
was highly resistant to licensing vac­
cines produced in WI-38 cells, though 
the reasons for this opposition were 
never stated. It was also clear that in 
most major vaccine developments em­
braced by the DBS, the primary risk- 
taking happened to have been borne out­
side the United States. (For example, live 
polio vaccine was licensed by the DBS 
after the Soviet Union had injected 
more than 15 million people. Live 
measles vaccine was first tested out, 
not on U.S. citizens, but on the inhab­
itants of the Upper Volta.)

Since it seemed that U.S. citizens 
would not get the benefit of WI-38 cells 
until foreign countries had taken the 
risk, Hayflick told Science, he orga­
nized an international committee called 
the Cell Culture Committee, to promote 
the use of WI-38 cells abroad. In 1967, 
Yugoslavia became the first country to 
license W I-38-grown polio vaccine. 
The U.S.S.R. adopted the cells in 1970, 
and England and France followed suit 
in 1971.

There is a respectable reason for 
being wary of WI-38 cells— the theo­
retical possibility that they might con­
tain a human cancer agent somehow 
more insidious than those known to 
exist in animal cells. The DBS could be 
respected if it had taken this position, 
but, surprisingly, Murray has never 
taken any position at all on WI-38 cells,

5 F o r exam ple, the DDS requires ihe m onkey 
kidney cells used in growing live polio vaccine 
lo be held for only 28 days in order lo ensure 
(hat they contain no SV40 virus. According to 
A. G irard l of the W istar Institute. SVJO may 
remain latent for up to 3S days. N or docs Ihe 
DOS require m onkey kidney cells to he screened 
for chrom osom al abnorm alities—a possible indi. 
cator of cancerous tendencies—a test they would 
probably fail in large num bers.
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on the grounds that no m anufacturer has 
applied to produce a WI-38 vaccine. To 
Hayflick, this is simply a stratagem for 
refusing to discuss the issue because, he 
says, no manufacturer would risk in­
vesting in a new type of vaccine before 
getting "an informal reading in face-to- 
face confrontation that M urray will be 
amenable." A nonscientific reason in 
persuading Murray to reverse his posi­
tion may have been pressure from m an­
ufacturers who, according to Drug R e­
search Reports (21 July 1971), said 
they would quit making polio vaccine 
unless allowed to do so in WI-38 cells.

Asked what new scientific facts had 
come to light to justify reversal of the 
DBS position, M urray told Science only 
chat the “DBS acted promptly to move 
towards the problems of licensing such 
a product when it received a license 
application." Says a senior scientist in 
Che DBS: ‘T o  this day I don 't know 
what Murray thinks about WI-38 cells 
and I don’t know why he has decided 
to license them now. It’s another break­
down in communication. By refusing 
to discuss controversial issues, Murray 
has many times made the controversy 
worse."

Since many of the accidents with 
vaccines have occurred when new proc­
esses were introduced, it is probably 
sound policy not to make changes un­
less there are clear benefits in sight. 
Murray is widely praised, for example, 
for his refusal to allow mineral oil 
adjuvants to be put into vaccines, de­
spite heavy pressure from m anufac­
turers and parts of the academic com­
munity. (Oil adjuvants were recently 
tried in England with adverse results, 
an experience that has validated Mur­
ray’s position.) No one disputes the fact 
that Murray practiced a conservative 
policy as director of the DBS, but some 
see his conservatism in a positive, others 
in a negative light. Vernon Knight, 
chairman of the microbiology depart­
ment at the Baylor University College 
of Medicine, Houston, says of Murray: 
“He has a record of absolute honesty 
and total devotion to protecting the 
public. If there is any criticism, it is 
that he has been overdeliberate. But 
frankly, that is the way to stay alive in 
this business." Another view is that of 
Paul S. Moorhead: "If M urray does 
nothing, he doesn’t get much criticism; 
but if he makes an innovation, then he 
is really under pressure." According to 
former DBS .scientist Kendall O. Smith, 
“About 90 percent of the problems in 
this field will work themselves out if 
left alone. If you don’t change much,

you don’t risk much. I feel t|,at 
people have admired as Murray’s 
servatism is only his inability t0 
leadership in a growing field ’’ 
one scientist acquainted with the j 
"M urray doesn't really make decis 
So people don’t realize from the ou 
that things don’t reai'v happCn u 
there is a broad consensus both i 
and outside the DBS."

P ro b lem s with Potency

Failure to make certain impc 
scientific decisions openly and fr( 
position o f evident strength is pro! 
one consequence of a weakly mar 
in-house research program. Anoti 
the sometimes. Weak-kneed stana 
DBS has taken in persuading man 
turers to improve the quality of 
vaccines. In ensuring vaccine safety 
DBS has a record blemished on] 
errors that sprang from the stai 
knowledge at the time. (These ar 
SV40 incident of 1961, the hyper 
tivity caused by the killed measles 
cine used in the early 1960’s, an 
the opinion of some, the licensii 
a  rubella vaccine which was gror 
dog kidney cells and w h rK cause< 
expectedly severe side effects.) Be 
DBS is also required to ensurr 
quality of vaccines and, in som 
stances, has been less than zealo 
doing so. For 10 years, the DB 
well as higher government off 
failed to realize that the division 
scssed the legal authority to ensui 
efficacy of vaccines (Science, 10 Mi 
The confusion that has reigned ovt 
potency of influenza vaccine sin 
least 1957 is now officially ascrib 
the DBS to the failure by max 
turers to calibrate the colorimeters 
in  assessing the vaccines potenc] 
have taken more than a decade J 
quire that manufacturers stand, 
their measuring instruments is 1 
an outstanding record for a regu. 
agency. >

Another potency problem oc< 
with typhus vaccine, developed I 
early 1940's and used essential* 
changed to immunize all army r? 
at an annual cost of hundreds of-.' 
ands of dollars. In 1969, the  ̂
Forces Epidemiological Board » 
that some vaccine lots were not 
good antibody responses, cVeBJ| 
they had passed the DBS’s potea^
It is not known for how man |̂ 
before 1969 the army had b ^  
useless vaccine, but the incid^j 
some doubt on the general aled^ 
the DBS’s quality control pf0  ̂
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ijogical tes*s arc imprecise, and 
Should not be faulted for hav- 
[j* to solve problems tha t were 
|je'.prevailing state of the arU 
eCof the DBS's problems with 
potency tests seem to have 
pmuch from lack of manage- 
[l'ack o f science, 
rview, the various blemishes on 
Escutcheon that 'have come to 
recent months are less signifi- 
i  the 17-year safety record the 
'/behind it. The division was set 
revent recurrence of the 1955 
•cident and, under M urray’s 
iiip none has occurred. Murray 
£sted and outperformed half a 
immissioners of the Food and 
[ministration, and many would 
,fthe belief of the N IH  front of- 
Murray has an excellent record 
•rnment official responsible for a 
y  agency. The chief imperfec- 
fiie DBS arise from the nature 
ficc, not its holder. Despite the 
ss of the federal system for 
ng vaccines, the major rcsponsi- 
volves on the DBS, whose di­

rector has too much power, too much 
pressure, and too little protection. There 
is no limit to the director's term of 
office and yet no effective mechanism 
for subjecting his scientific decisions to 
peer review and peer support. There 
are conflicting pressures from manu­
facturers, the scientific community, and, 
m ore recently, from the consumer move­
ment. Says one vaccine specialist, "The 
DBS is the most thankless job in the 
world— you have to be some kind of a 
Jesus Christ to do a perfect job. You 
have to give M urray points for staying 
power— he hasn't cut and run."

Where Murray has strayed from per­
fection is probably in taking the narrow- 
most conception of the division’s respon­
sibilities. Safety has been assured, but the 
improvement of vaccines has been pui • 
sued less aggressively. The character­
istic posture of the DBS has been one 
of stand-pat conservatism rather than 
innovative leadership. A common theme 
underlying the complaints of critics in­
side and outside the DBS is Murray’s 
unwillingness to make decisions and 
even— if the harsher critics are correct

— to pursue lines of enquiry that might 
render necessary a regulatory decision.

Such an attitude is probably incvi* 
table, however, granted the DBS’s 
stretched resources and the belief, pre­
sumably endorsed by M urray’s superiors, 
that the DBS should be primarily a rule- 
making operation with a  subordinate 
and undirected research program. 
Given these ground rules, it is hard 
to be sure that anyone else could have 
bettered Murray's long record in pro­
tecting the public from hazardous vac­
cines.

For the future (M urray is due to re­
tire in 2 years’ time), possible charges 
suggested to Science by Turner, Morris, 
and scientists inside and outside the 
DBS, include the following proposals. 
The whole mechanism of biologies con­
trol should be reviewed in the light of 
consumer protection— the DBS should 
probably assume from the manufac­
turers the prime responsibility for con­
ducting the more crucial tests of vac­
cine safety. Preparation should also be 
made to cope with the surge of new 
biological products that m ay be devcl-

liance for Hearts

n't very long ago at all that 
Edward M. Kennedy, of Massa- 

ond Representative Paul G. 
of Florida, were carrying the 
for opposite sides in the long 
dimes bitter tussle ov 'r  who was 
ige the federal government's 
against cancer. Apparently the 
t no permanent scars though, 
the two Democrats say they're 
orces to back another biliion- 
Jiedical onslaught—this time 
.heart, lung, and circulatory

**L
lews conference held late last 
j 'a . chandeliered room of the 
building, precisely halfway be- 
ie House and Senate wings, 
jnd Kennedy sat shoulder-to- 
to announce their simultaneous 
ion of the National Heart, 
-»el, Lung and Blood Act of 
chill they both acclaimed as 
’.. the most important piece of 
•gislation to come before Ccn- 
5 session.
ill proposes lo spend $1.29

billion over the next 3 years on cardio­
vascular and lung disease, in contrast 
to current annual funding of $232 mil­
lion. Under the heading of control pro­
grams, $90 million of the new money 
would go to establish 15 community 
"screening and education" centers. (The 
bill doesn't say how these would relate 
to the Regional Medical Program for 
heart, cancer, and stroke services run 
by the Department of Health, Education, 
and Welfare.) The remaining $1.2 bil­
lion would be funneled through the N a­
tional Heart, and Lung Institute to sup­
port 15 new clinical R&D centers for 
cardiovascular disease and 15 new 
centers for pulmonary disease.

Joint support of the bill by Rogers 
and Kennedy is especially significant 
since the two Democrats head the re­
spective House and Senate subcommit­
tees that will handle it. Staff aides for 
Kennedy and Rogers say the bill's 
chances of passage are further en­
hanced by the absence of administra­
tive provisos of the kind that led to 
last year's contest over the cancer bill.

Approval by Congress, however, may 
be the least of the heart and lung bill's 
problems. Even if the appropriation 
committees grant all the money that the

B r i e f i n g
bill authorizes, which is by no means 
assured, there is no guarantee that the 
White House will spend it. The Nixon 
Administration, like its Democratic 
predecessor, is not in the habit of spend­
ing all or even very much of the money 
Congress generously appropriates for 
crusades of its own, particularly when 
those crusades seem designed—if only 
in part—to overshadow the administra­
tion's.

In the present case, the White House 
seems to be under the impression that 
the $22 million increase it proposed 
with same fanfare earlier this year for 
heart, lung, and blood diseases is gen­
erous enough. Congressional Democrats 
—or a t  least those on Kennedy's and 
Roger's subcommittees—disagree. And 
while their motives may be pure, there 
is room for suspicion that, by upping 
the ante nearly an order of magnitude, 
the Democrats may hope to sink their 
claws into a t least one substantial health 
issue in an election year when issues of 
any kind are  notably scarce. After all, 
who's to say that the 790,000 Ameri­
cans who die from cardiovascular and 
lung diseases each year a re  less de­
serving than the 340,000 who succumb 
to cancer?—R.G.
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oped o the next decade. The director 
of the L should have responsibility 
for organizing the research program as 
well as the regulatory activities of the 
division.

In  addition, federal responsibility for 
vaccine development should be clarified, 
in a  way that ensures the DBS does 
not develop vaccines in-house. There 
should be some court of appeal against 
the director’s decisions. Since the DBS 
acts, in effect, for the academic com ­
munity on behalf of the public, there 
should be a stronger connection with 
the academic world than occasional ad 
hoc conferences and a rubber-stamp 
board of scientific counselors. Standing 
committees of scientists might be es­
tablished—one to oversee research and 
another for (regulations—so as to buttress 
the director’s posture toward m anufac­
turers. Problems with vaccines should 
be more openly discussed, and herd im ­
munity should be sought by means 
other than treating the public as one. 
Most importantly, the boat in which the 
DBS director sits should be strong and 
flexible enough to withstand the occa­
sional rocking.— N ic h o la s  W /.oe

APPOINTMENTS

W. G. Eowen M. H. Bernstein

William G. Bowen, provost, Prince­
ton University, to president of the 
university. . . . M arver H. Bernstein, 
professor of politics and public affairs, 
Princeton University, to president, 
Brandcis University. . . . David R. 
Derge, dean for administration, Indiana 
University, to president, Southern Il­
linois Univer .ty, Carbondale. . . . 
Timothy W. Costello, professor of 
psychology and management, New York 
University, to president, Adclphi Uni­
versity. . . .  N. Fcrbce Taylor, vice pres­

ident for administration, Uni^ 
North Carolina system, to ch 
University of North Carolina,
K ill Ivan L. Frick, presiden
Collide, to president, Elmhurst 
. . . litro ld  P. Hanson, dean ( 
School, University of Florida 
president for academic affair't 
university.. . .  Archie R. Dyke 
ccllor, University of Tennessee 
to chancellor, University of Te 
Knoxville. . . . Victor Jones, £ 
of engineering and arplied physj 
vard University, to dean, C 
School at the university. . . '■
G. Cook, assistant-professor 01 
tion, University of Wisconsin, ~ 
School of Education, Ferris SL 
lege. . . . William Happ, opera; 
search analyst, U.S. Army C 
Engineers, to dean, School of.E 
ing, Sacramento State Collegf 
Leonard E. Goodnll, vice ch« 
University of Illinois, Chicago 
to chancellor, University of M 
Dearborn. . . . Conrad T. Burr 
fcssor of chemical engineering, i 
tan College, to dean, School of 1 
ing at the college.

R E S E A R C H  N E W S

Cancer Radiation Therapy: Potential for High Energy Parti

Although the causes of cancer arc 
still unknown, treatment with radiation 
therapy alone or in combination with 
chemotherapy and surgery helps to save 
hundreds of thousands of lives a year. 
Large doses of radiation, uowever, 
damage healthy tissues in addition to 
destroying tumors and thus may cause 
severe side effects. The use of high ener­
gy particles instead of the conventional 
x-rays or gamma rays may make possi­
ble significant improvements in radia­
tion therapy, according to a growing 
number of physicists and radiothera­
pists, and the preliminary results of 
several laboratory and clinical trials 
seem to support this belief.

BoLh the physical and radiobiological 
properties of energetic particles indi­
cate that they may be able to alleviate 
some of the problems of conventional 
radiotherapy, although clinical trials 
arc needed to ascertain that new and un ­
toward effects do not occur. The poten­

tial uses of particle radiation may be re­
stricted to localized cancers— a category 
of diseases that does not include some 
of the most common, such as lung and 
breast cancer. Nonetheless, the use of 
particle radiation, if its potential advan­
tages turn out to be clinically signifi­
cant, may be able to help the large 
number of patients who now die from 
localized cancers despite treatment with 
conventional radiotherapy.

Practical applications of particle radi­
ation in cancer therapy may be slow 
in coming. Except on a small scale, the 
necessary clinical trials are not now 
being conducted in this country, and 
there appears to be little likelihood of 
systematic trials with many types of 
particles in the near future. Despite 
the large increases in funding for can­
cer research, relatively little support is 
available for radiotherapy research, in­
cluding particle radiation. National Can­
cer Institute support for investigations

of particle radiation totaled lc 
$1 million in fiscal year 1971;? 
that N CI officials estimate may 
$2.5 million by fiscal 1973. One 
according to NCI, for the relati’ 
level of funding is a shortage c 
fied radiotherapists who are in 
in particle radiation. Research F  
have been rejected by the peer 
system for lack of scientific;

■ a consequence, according to ô  
official, of the naivete in radiobl 
matters on the part of the p- 
who proposed them.

Whatever the reason, several^ 
laboratories that have an intc 
using their particle accelerators^ 
ccr research may find it 
do so, and in one case the lacku
sources of funding may result
closing of the laboratory. ■ 

The current interest in med*1 
for particle radiation contrasts ■ 
with the attitudes that have p
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Survey of Childhood Malignancies

ALICE STEWART, M.D., an d  RENATE BARBER, D.Phil.

I N I T S  o rig inal form the su rvey  of childhood 
malignancies conducted by O x fo rd  U n i ­

versity included children under  10 years  of  age 
who died o f  cancers o r  leukemia d u r in g  the 
years 19i>3—•">;■>, but it has recently  been decided 
to extend the survey to include dea ths  since 
1055 ( table  1). In the final s tu d y  popula tion  
there will be children born in IS consecutive 
years. 1943-60, whose deaths  were s p 1 end over 

ca lendar years (1953-60). D a ta  collected 
d u r in g  the  second p a r t  of the survey ( 195C5—c»0 
deaths) will differ 111 several respects from  the 
da ta  on .15 deaths, but the  general p lan 
remains the same, and both investigations fall 
into the broad  category of  re trosp  re ive  surveys. 
A ll  varieties of  m alignant disease a te  included 
and  approxim ate ly ' h a lf  the  deaths  are due 
either to leukemias o r  to  lymphosarcomas. 
Most of the children will be un d er  10 years  of 
age at dea th ,  but some o lder  dea ths  m ay  
eventually  be included in the new population .

The survey  o f 1958-55 dea ths  began in O c­
tober 1950 and  was the work of 2 General R eg­
ister Offices (no tify ing  cen te rs) ,  over 200 local 
health au th o r i ty  departm ents  (collecting cen­
te rs) .  a n d  1 university departm en t (coo rd ina t­
ing cen te r) .  T h e  same ream will be responsible 
for the su rvey  o f  1950-00 deaths , which began

The authors are with the department oj social medi­
cine. Oxford University, Oxford, England. Dr. 
St m a rt is reader in social medicine and Dr. Barber 
is the holder of the Henry Goodger scholarship for 
research into blood diseases. The fieldwork in the 
study was carried out by county and county bor- 
oil fill health departments. The study was aided by 
erani i \0. C.5392 from the U.S. Public Health 
Svrrice. This paper was also published in the Medi- 
eni Officer, London, Junuan 5,1902.

^“1. 77. .No. 2. F e h n tu rr  19f»2_________

in  A p r i l  1961. I n  each su rvey  g ro u p  the o r ig i ­
nal s tu d y  population  inc luded  all ch i ld ren  in 
E n g la n d ,  Scotland, and  W ales  who d ied  before 
th e ir  10th b irrhdav  d u r in g  the  su rvev  vears.

Survey of 1953-55 Deaths

A  detailed study of official statistics of m or­
tality preceded the survey o f  1953-35 deaths. 
According to these statistics the risk of dying 
from a m alignant disease a f te r  the age of 40 
has barely altered in recent years, but the risk 
of children and young adults dy ing  from these 
diseases has appreciably increased. In  particu­
lar, children between 2 and  4 years of age have 
been more affected by the unfavorable trend 
o f leukemia mortality than any other age groep  
under TO years (2).

These findings suggested th a t ,  p ro v id ed  a 
sufficiently la rge  num ber o f  ch i ldhood  dea ths  
f rom  cancers a n d  leukemias (cases) could  be 
identified and  compared, p o in t  by poin t,  w ith  
suitable  controls, there m ig h t  be a reasonable  
chance o f  iden tify ing  some o f  the fac to rs  in ­
fluencing the prevalence o f  these diseases.

Orhjlnnl aims. I-IewittJs critical analysis 
showed that the recent increase in leukemia 
deaths happened sooner in technically advanced 
countries than in other par ts  o f  the world and 
appeared to be more closely related to medical 
services than to wealth. I n  B rita in  the ad ­
verse effect of this increase began to be felt at 
the beginning of the century and received a 
“ postwar fillip"; during the years 1945 to 1953 
a strik ing feature of B ritish  and  U nited  States 
statistics was an increase in leukemia deaths in

Mdreu between 2 and 4 y e a r s  of  age. T h is  
. the  m ain  reason for dec id ing  to in terview  

m others  o f  both cases a n d  con tro ls  a n d  obta in
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f irs thand  a c c - 'm ts  of  the c h i ld r e i r s  m edica l his- 
rories and  social background . I t  w as also de­
cided th a t  p ro  form as sh o u ld  inc lude  questions 
about (n) illnesses of the m ot here  a n d  ch ildren  
and  X - r a y s  before and a f t e r  b i r t h :  (1>) t r e a t ­
m ents w ith  modern  d ru g s :  ( r)  l iv in g  condi­
t ions : and  (/ /)  relatives.

S7ii/rftir/r of rumif. T h o u g h  B r i t a in  has a 
])opulation o f  r*t> million, less th a n  Too children  
die o f  m a l ig n a n t  diseases each  y ea r .  I t  w as 
necessary, therefore , to p la n  th e  su rv ey  on a 
n a t io n w id e  basis, and to seek th e  coopera tion  of  
public, h e a l th  departm ents .  A l l  cou n ty  and 
county  b o ro u g h  health d e p a r tm e n ts  ag reed  to 
take part- a n d  to  assume re sp o n s ib i l i ty  fo r  the 
fieldwork. Consequently, t h e r e  were no r e ­
gional g a p s  am o n g  the 1.040 t r a c e d  cases, which 
were o r ig in a l ly  obtained f r o m  1.073 d ea th  cer­
tificates supp lied  by G enera l R e g is te r  Offices 
in L ondon  a n d  E d in b u rg h  ( ta b le  2 ) .

U n rece ip t  of the  names a n d  addresses  of  the 
dead  ch i ld ren ,  the  co o rd in a t in g  cen te r  sent to  
each co llec ting  center a l i s t  o f  local cases and  
the p ro  fo rm a s  fo r  reco rd ing  case a n d  control 
da ta .  I n  th e  la rg e r  cen te rs  m ore  th a n  one 
“stuw ey d o c to r ’’ was a p p o in te d ,  b u t  i t  was 
agreed  in  advance  th a t  w h o e v e r  in terview ed 
the  m o th e r  o f  a case should  a lso  in te rv iew  the

m o th e r  o f  the co rrespond ing  control, also that, 
contro ls  should  be obtained f ro m  b i r th  registers  
a n d  nor f ro m  other sources. T o  insure uni­
fo rm ity  one doctor from th e  co o rd in a t in g  cen­
te r  b r ie fed  till the o ther do c to rs  and  provided 
them  w ith  a written set o f  ins truc tions .

X rlrr tln n  o f  roiifroftf. T h e  instructions 
s ta ted  t h a t  each dead ch ild ,  o r  case, w as to he. 
pa ired  off with a live ch ild ,  o r  control, matched 
fo r  sex. age. and district, h u t  o therwise picked 
at. ra n d o m  from  a  local b i r t h  register.

T h e  control selection l is t  shows how the con­
tro l was chosen fo r  a hoy ( J o h n  S m ith )  who 
w as horn, in 1052, lived in  Sheffield, a n d  died of 
leukem ia in 195S. The n a m e s  and  addresses are 
im ag in a ry ,  hut other i tem s  a re  genuine.

T h e  nam es and addresses  of  five possible 
con tro ls  were obtained f ro m  a reg is te r  o f  b ir ths 
in the  d is tr ic t  which inc luded  the  home address 
o f  the  dead  child. The lis t ind ica ted  the o rder  
o f  p r io r i ty  of  selection a n d  inc luded  boys horn 
on the  same day as the d e a d  ch ild ,  the next day, 
a n d  so on. On this occasion the  first fam ily  
selected h ad  moved to an u n k n o w n  address , bu t  
the second was still l iv in g  a t  the same address 
a n d  the m o ther  was w i l l in g  to be interviewed. 
She was eventually  seen b y  th e  doc to r  who had 
a lreadv  interviewed Mrs. S m ith .

Table 1. C alendar years of b irths a n d  deaths of children dying of m alignancies, 1953-60 , survey
of childhood m alignancies, O xford, England

C ohorts Age a t  d e a th F o llo w u p  p eriod  (0 -1 0  con­
se c u tiv e  y ears)

B ir th s D e a th s Y ears M o n th s 1 9 5 3 -0 0 1953-55

1 9 4 3 ......................................................... 1953 9 -1 0 108-119 1 1
1944.................................................... 1953-54 8 -1 0 90-119 o 2
1945 ......................................................... 1953-55 7 -1 0 84-119 3 3
1940......................................................... 1953-50 G-10 72-119 4 3
1947......................................................... 1953-57 5 -1 0 00-119 5 3
1948 ......................................................... 1953-5S 4 -1 0 48-119 0 3
1949........................................... 1953-59 3 -1 0 30-119 7 3
1950................ ......................................... 1953-00 2 -1 0 24-119 8 3
1951 ...................................... 1953-00 1-9 12-119 S 3
1952............................................... 19.53-00 0 -8 0-107 9 3
1953 ............................................... 1953-00 0 -7 0 -  95 S 3
1954.................................................... 1954-00 0 -0 0 -  83 7
1955_______________________ 1 '.155-00 0 -5 0 -  71 6 I
1950......................................................... 1950-00 0 -4 0 -  59 5 0
1957________________________ 1957-00 0 -3 0 -  47 t 4 0
1958.................................................. 1958—00 0 -2 0 -  35 1 3

0
1959......................................................... 1 959-00 0-1 0 -  23 1 o 0
1900......................................................... 1900 0 0 -  11 1 0

—
N o t e : I n  each  se t of figures, 1 y e a r  is inco m p le te . F o r  exam ple , am ong  th e  1900 b ir th s  c h ild re n  b o rn  in Jamt.tr> 

a n d  d y in g  th e  follow ing D e ce m b er w o u ld  be o n ly  II  m o n th s  old . :
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Table 2. Regional distribution of d ea th s  from 
m alignan t d iseases  in children 0—10 years  of 
ag e , 1953-55  an d  1956-50, survey of child­
hood m alignancies, Oxford, England

1053-55

A u tlio ritv
! 105IV-00

O riginal
cases

T ra c e d
cases

cases)

C o u n ties:
N o rth e rn  E n g la n d .......... 69 02 118
M id la n d s . . ......................... 344 290 019
S o u th e rn  E n g la n d ........... 711 508 1, 191
S co tlan d  ' . . ....................... 1 IS 89 100
W ales__________________ 07 58 125

C o u n ty  b o ro u g h s a n d  
b u rg h s:

N o rth e rn  E n g la n d .......... 77 70 100
M id lan d s .............................. 307 201 488
S o u th e rn  E n g la n d .......... 107 92 192
S co tlan d  1........ ................... 152 134 131
W ales__________________ 21 10 27

All local a u th o rit ie s -  
E n g la n d ................................ 1,015 1. 343 2, 714
S co tlan d  1........................... 270 no-} 231
W ales.......... .......................... 88 152

A ll reg io n s...................... 1, 973 1. 040 3, 097

1 1950 d e a th s  included  w ith  d ea th s fo r 1953-55.

The definition o f  a d is tr ic t  va r ied  accord ing  
to the d en s i ty  of the population  a n d  in ru ra l  
areas oftt>n included  several villages. I f  neces­
sary, more th an  one list of possible controls  
was compiled, b u t  in  the survey o f  1953-55 
deaths tw o- th ird s  o f  the  controls were first 
• lioice, a n d  over 90 percen t were o b ta ined  from 
a list o f  five names. F a r  and aw av  the  com­

monest reason  fo r  n o t  o b ta in ing  a  first choice 
control w as  th e  one shown in the selection con­
tro l list, nam ely , t h a t  the fam ily  h ad  le f t  the 
d istric t.

I n  the su rv ey  o f  1953-55 dea ths ,  if the 
p a re n ts  o f  a  dead  ch ild  h a d  m oved to a new 
local a u th o r i ty  area ,  the rule t h a t  a case/con- 
rrol p a i r  sh o u ld  lie seen by the s a n e  doc to r  was 

'broken . I n  the su rvey  o f  195fi-firt d ea th s  each 
control w ill  be o b ta ined  from  th e  d is tr ic t  in 
which the p a re n ts  o f  the co rre sp o n d in g  de..d 
ch ild  are  now resid ing. I n  the  new survey, 
therefore , the re  sh o u ld  be no exceptions to the 
rule th a t  th e  same doc to r  sees each  m em ber of 
a casi / c o n t ro l  pa ir .  I f ,  however, the p ro p o r ­
tion o f  " t r a n s f e r s ” is the  same as in the orig ina l  
survey, a p p ro x im a te ly  2 percent, o f  case /con­
trol p a irs  will not be exactly m arched  for  
d is tr ic t .

Survey of 1 9 56-60  Deaths

I n  the  in te rva l  betw een the two su rveys  some 
facts  have  been discovered for  the  f irst time 
a nd  o thers  h ave  acqu ired  a new  significance:

1. T h re e  independen t,  re trospective surveys, 
using  different ty p es  o f  controls, have shown 
a  ra ised  incidence o f  p ren a ta l  X - ra y s  am ong 
ch ild ren  who subsequently  d ied f ro m  m a lig n an t  
diseases (~-4)*

2. O ne  p rospec tive  survey  ( fo l lo w u p )  o f  
ch ildren  i r r a d ia te d  in  u tero  has show n a raised 
incidence o f  harm less  somatic m u ta t io n s  ( 5 ) ;

For Jo h n  SM ITH

CO NTROL SELECTION L IS T

Sex M Born on 6.9.52

Serial No. 1222

in Sheffield 3

Priority Nam e and address Selected control (X) 1

1st 8.9.52 JO N ES 56 School Lane D MOVED AWAY

2d 9.9.52 STANLEY 40 Stockport Road H X

• 3d 10.9.52 W ILLIAM S 5 East S treet H

4th 11.9.52 PETERS 20 C larke S treet H

_  1 5,h
11.9.52 H IG G IN S 2 W oodside Drive D

»-

i t
I r
IIt i
it 9 y  
I f
i*
iXi r
ii
51
II
\tir

1 Sta te  reasons for not selecting the control of choice (first nam e on list) or o th e r alternative. 
r’Jote: D. dom iciliary delivery: H. hospital delivery.
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another, concerned only w ith  leukem ia dea ths ,  
1ms so f a r  p roduced negative results (/?).

3. I n  1959 i t  was discovered th a t  m ongolism  
is due ro a chromosomal ab n o rm a li ty  w hich  is 
probably  caused by nondis junetion  o r  fa u l ty  m i­
tosis d u r in g  the last reduc tion  division o f  the 
gam ete (~). A s  a result o f  th is  unequal d iv i ­
sion. m ongols ca rry  an ex tra  autosome (No. 21) 
in all the ir  cells.

4. T h o u g h  pneum onia  is still  a com m on cause 
of  in fan t  dea ths  am ong  mongols, there  have 
been few er dearhs  in recent years  (3 ). T h e re  
are  also indications of a substan tia l  increase  in 
the num ber o f  mongols d y in g  of leukem ia  since 
1954 (!)).

5. A bout *20 percent o f  m ongols have  a typ ica l  
leucocytes (1ft. 11).

fi. H e w it t 's  analysis  of  leukem ia  m o r ta l i ty  
(1) covered the period 1930-53. I t  has  since 
been shown tha t ,  in B r i ta in ,  the peak  o f  leuke­
mia m orta l i ty  (2-4  years)  ap pea red  f o r  the first 
time in the late  1920's and  reached i ts  present 
height, in the. m id-1950s (12)' .  also, t h a t  the 
pneum onia  d ea th  ra te  fo r  ch ild ren  u n d e r  5 yea rs  
began to  decline in the la te  1920's and  reached 
its present low level in th e  mid-1950’s (13).

7. T here  is a re la t ionsh ip  between a ch ild 's  
position in his s ibship  a n d  his r isk  of  infection , 
and  an exactly opposite  re la t ionsh ip  between 
th is  position an d  his r isk  o f  developing  leu­
kemia. Since o lder  ch ildren  b r in g  infec t ions  
into th e ir  houses, the infection risk is lowest fo r  
first-horn children and progressively  increases 
as the n um ber  o f  o lder ch ild ren  increases. P e r  
contra , the leukemia risk is highest, fo r  first­
bo rn  child ren  ivml progressively decreases as the 
n um ber  of  o lder  children  increases. O ilie r  
m al ig n an t  diseases in ch ildhood do not show 
th is  re la tionship  (14 )-

S. C om pared  w ith  o th e r  cancerous ch ildren  
an d  w ith  healthy  controls, the  leukemic, ch ild ren  
in the survey of  1953-55 dea ths  h ad  a ra ised  in­
cidence of  pneum onia  and  o th e r  ser ious  pyo ­
genic infections. T he  excess was la rge ly  due  to 
child ren  who had  not been X -ra y e d  in u te ro  and 
who died before the age of  5 years. T hese  il l­
nesses were exceptionally  common am o n g  the  19 
mongols who died o f  leukemia, none o f  w hom  
h a d  been X -ra y e d  before  b ir th .

9. I f  p ren a ta l  i r rad ia t io n ,  w hich  usually  
takes p lace 7 to 9 m onths  a f t e r  conception, is a

d irec t  cause of leukemia, dea th s  caused in this 
way should  be d irectly  re la ted, in  time, to these 
exposures. T he  actual age d is tr ibu tion  o f  such 
dea ths  will depend on the incubation period  fo r  
leukemia, which is not at p resent known. B u t 
unless all childhood leukemias a re  in it ia ted  in 
the th i rd  trim ester— an unlike ly  proposition— 
it should eventually  he possible ro dem onstra te  
a  difference between the age d is tr ibu tion , at 
dea th ,  o f  i r rad ia ted  and n o n ir rad ia ted  cases. 
A  recent s tudy  of first-l>orn ch ildren  in the su r­
vey of 1953-55 dea ths  suggests  tha t  leukemias 
due to p rena ta l  i r rad ia t ion  have a charac teris t ic  
age d is tr ibu tion , a n d  th a t  these cases die, on the 
average, S m onths la te r  than  n o n ir ra d ia te d  cases 
(Jo). This , in tu rn ,  suggests th a t  the vast m a­
jo r i ty  o f  childhood leukemias a re  the direct re­
sult o f  events which tend to  occur at o r  nea r  
conception.

10. T here  are several indications th a t  re t ino ­
b lastom as occur in two fo rm s, one genetically  
t ran sm it ted  an d  one not (13.17).

11. E xpec ta t ions  of  cancer in tw ins  are  com­
p lica ted  by the fact tha t tw ins  are more likely 
th a n  o the r  children to be X - ra y e d  in utero, hut 
in no large  series of  childhood cancers has  there 
been any indication of an excess of  identical 
cancers am ong  identical tw in s  (12. 14). U n ­
published results from  the survey  o f  1953-55 
d ea th s  suggest th a t  there m ay  in fact be a de­
ficiency of  monozygotic tw ins  am ong  cancerous 
children. In  the control g ro u p  tw o-th ird s  o f  
the  tw ins  h ad  a tw in  sib of  Ihe same sex. T h is  
is the expected p roport ion , and  there were no 
dilfei-ences as between the tw ins  who were 
X -ra y e d  before b i r th  and the  o the r  twins. I n  
the case g ro u p  (children who died of  leukemias 
a n d  cancers) there  were 3(5 tw ins, 24 of  whom 
h a d  been X -ray ed  in utero. I n  th is  g ro u p  of 21 
X -ra y e d  cases, the  expected an d  observed m em ­
bers of tw in  sibs of  like sex were the sam e (1(5). 
A m ong  the  rem ain ing  12 cases not X - ra y e d  be­
fore  b ir th ,  there  were only 2 twin sibs o f  like 
sex, though  the  expected n um ber  was S.

T he  ways in which these and  o the r  findings 
have influenced the design o f  the  1956-GO survey 
require  some explanation.

Working liypothexix. T h e  n an u . . !  h is to ry  of 
cancers in man m igh t suggest th a t  m ill ig ram  
cells arise  de novo and  are  due ro specific, local­
ized chances  in the nuclei o f  somatic cells. But
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il is becom ing increasing ly  evident th a t  th is  is 
on ly  p a r t  o f  th e  story.

T h e  l io n s  theo ry  o f  co-carcinogenesis (IS),  
w h ich  is now  su p p o r te d  by num erous experi­
m ents  in an im als  (10), postu lates  different 
s tages  in the fo rm ation  o f  si m a lignan t tum or. 
N orm al cells are  first converted  into ••Intent can­
cer cells'* by  the action o f  carcinogens o r  " in i t i ­
a t in g  agen ts ,"  which  produce  "hered itab le  cellu­
l a r  changes"  in exposed tissues. Th is  action is 
i r revers ib le  a n d  is followed by a long o r  short  
" la t e n t  per iod ."  E ven tu a l ly ,  un d e r  the influ­
ence of  a " p ro m o t in g  agen t ,"  the  la ten t cancer 
cells begin to m u l t ip ly  an d  form  a rumor. A c ­
co rd in g  to B erenb lum  (20),  p rom o tin g  agents  
have  the du a l  action o f  increas ing  mitotic  f re ­
quency an d  d e lay in g  m aturar ion . and the type 
o f  cell which can lead to a cancer a f te r  being 
acted  upon by an  in i t ia to r  is the com para tive ly  
ra re  k ind  which  norm ally  replenishes tissues: 
th a t ,  is s tem  cells.

T h is  raises the possibility  that, cancers in 
m an  are  due  to in it ia tion  and  subsequent 
p rom otion  o f  stem cells. T h is  would include 
p lu r ip o ren t in l  cells— ova. spermatozoa, and  zy­
gotes— in the  ca tegory  o f  cells which can de­
velop p rem u lig n an t  p ropert ies :  so it is neces­
sa ry  to ask  w h y  fam ilia l  cancers and  m ult ip le  
cancers in th e  same ind iv idual are no t more 
common, a n d  w h y  one rnrely  finds identical can­
cers in identical twins.

A t  first sight, the  absence o f  tw in  affinities 
suggests th a t  there  are no genetically  t r a n sm it ­
ted cancers in m an  o the r  th an  the obvious ones; 
nam ely , re tinoblastom as, neurofibromas (V on 
R eck linghausen 's  disease) and  cancers associ­
ated  w ith  in testinal polyposis. B u t  the early  
stages o f  Von R eck linghausen’s disease and  in ­
testinal polyposis  show th a t  tissues derived 
from p re m u l ig n a n t  cells m ay be at a d isad v an ­
tage com pared  with  tissues derived from  norm al
• Us. I t  is there fo re  possible tliar m atch ing  
••aneers in identical tw ins are  rare, not because 
germ  cells cannot.develop p rem ulignan t p ro p e r ­
ties. but because a vet us, pa r t icu la r ly  a tw in  fe­
tus, der ived  from  a p rem ulignant zygote has a 
very poor chance of  surviving.

If. as a result of initiation, a somatic cell pro-
• li»”i»*l :l line o f  cells which were in fe r io r  to  o the r  
••ells, the  in fe r io r  cell line m ight !>e erad ica ted  
'-■•• fhit p rom otion  occurred, thus  rem oving all

V»t. 77. No. 2, F e b ru a r y  1962

risk of  a  cancer developing  a t  the site o f  in i t ia ­
tion. B u t if, as a  result o f  in it ia tion  o f  a  germ 
cell, a zygote  produces a line o f  in fe r io r  premu- 
l ig n an t  cells, it would usually  he impossible for 
all the cells to be destroyed without causing 
death .  Hence, in it ia tion  o f  a tw in  zygote 
might more often  produce an abortion  than  twin 
cancers.

T h e  few exceptions to the ru le ' th a t  there  are 
no fam ilia l  cancers a re  im p o r tan t  for two rea­
sons. T h e y  show th a t  it is possible for a hum an 
zygote  to su rv ive  a  p rem ulignan t change, and 
they  suggest th a t  th i j  change  is due to a single 
gene substi tu t ion  o r  point m uta tion . I f  a pre­
m u lig n a n t  s ta te  m erely  reflected a general 
change in the cytoplasm , o r  a change which a f ­
fected the  nucleus as a whole, one would ex­
pect a p re m u l ig n a n t  change in a phiripo tenria l  
cell to produce m ultip le  cancers more often 
th a n  not. I n  practice, fam ilia l  cancers tend to 
be confined to cer ta in  cell types  and  ro o rgans 
which a re  less l ikely to cause death , if wholly 
composed of in fe r io r  cells, th an  to o the r  par ts  
o f  the body.

Nevertheless, a p o in t  m u ta t io n  in a somatic 
cell o r  g e rm  cell m ig h t  lie preceded by changes 
in the cy top lasm  a n d  accompanied by o ther  
changes in o the r  genes. F o r  instance, a change 
in  the cy top lasm  m ig h t  cause fau lty  mitosis the 
nex t  t im e  the cell d iv id ed :  on one occasion 
fa u l ty  d r  ision of  the  nucleus m igh t  involve 
on ly  one gene, on a n o th e r  occasion, several 
genes on the same chromosome, and on y e t  a n ­
o th e r  occasion, several genes in several chrom o­
somes. T h e  r isk  o f  im m edia te  death  o f  the 
cell w ould  be p roport iona l  to the n um ber  of 
genes involved, a n d  it is unlikely tha t  an y  cell 
would su rv ive  an  accident which involved more 
th a n  one chromosome. I f ,  however, the cell 
su rv ived  fa u l ty  division o f  one chromosome, all 
t h a t  w ould  m atte r ,  from  the po in t  o f  view of 
the subsequent developm ent o f  a  cancer, would 
be w he the r  o r  n o t  a gene contro ll ing  the  na tu re  
o f  specific d a u g h te r  cells h a d  undergone a  pie- 
m a l ig n an t  change.

I f  s> m ito t ic  altercation happened  d u r in g  fo r­
m ation  <f a somatic cell a n d  the cell survived, 
the  remote effects o f  a change in several genes 
on the same chromosome— deletion, dup lica­
tion. translocation , o r  inversion—m ig h t  he the 
sam e as  a chanire in tm lv one gene. B u t  if the
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f a u l ty  mitosis  happened  d u r in g  fo rm ation  of  
a  germ  cell o r  zygote, tln it is, a p lu r ip o ten t ia l  
cell, all the genes involveil in the  accident w ould 
influence the end  result. A  fe tus  possessing 
only one in fe r io r ,  p rem aliguan t  cell system 
m igh t su rv ive  to  produce i child  who ap p ea red  
to  he norm al at b ir th  and nhseipieiitly deve l­
oped m alignan t  changes in the defective  tissues: 
hut a fe tu s  possessing se v e n ]  abnorm al cell 
systems w ould p robab ly  die in utero. E v e n  if 
the p regnancy  te rm in a ted  in a  live b ir th ,  the 
ch ild  w ould have several congenital defects  a n d  
would be un like ly  to su rv ive  long  enough to 
develop a cancer.

So f a r  as we know, the only congenita l d is ­
ease due to involvement of  an  autosome in a 
m ito tic  abe rra t ion  which is both common and  
com patib le  w i th  several yea rs  o f  life  is m o n ­
golism. M ongolism , o r  tr isom y of chromosome
Xo. 21. is also the onlv comrenital disease which » .
is consistently  associated w ith  one ty p e  o f  m a ­
l ignan t  disease, nam ely  le u k e m ia : and  th is  asso­
ciation was not discovered until  the  life  expec t­
ancy o f  m ongols  increased from  less th a n  2 
years  to over 14 years. B efore  the discovery 
o f  an tib io tics, mongols usually  d ied o f  p n e u ­
m onia  d u r in g  in fancy , an d  there  is no doub t 
flin t a low resistance to  bacterial in fec tions is 
p a r t  o f  the  m ongoloid  syndrome. H ence  it  is 
reasonable  to  suggest Mint one of  the genes con­
t ro l l in g  leukopoiesis is s i tua ted  on chrom osom e 
Xo. 21, which is also one of  the  sm allest auto-  
somes.

T h e  size o f  a  chromosome sets a l im i t  to the 
n u m b e r  o f  genes which can be d a m a g e d  d u r ­
in g  mitosis. T,'here should  therefo re  be a c o r ­
rela tion  between the size of  a  chromosome and  
the  n u m b e r  o f  t im es  th a t  fa u l ty  d iv ision of  
the  sa id  chromosome causes dea th  o f  the cell. 
I n  th is  w ay the  position of an  im p o r ta n t  leu- 
kopoietie gene  m ig h t  influence the prevalence 
of  ch ildhood leukemias. B u t  before  develop­
in g  th is  them e it. is necessary to consider w h a t  
effects a “ preleukem ic change" in  a germ  cell 
m igh t  h av e  and  how these w ould com pare  w ith  
the effects o f  a s im ila r  change in a som atic  stem 
cell ( leukocyte  p recu rso r) .

A cco rd ing  to th e  theory  ou tl ined  above, a 
pre lcukem ic  change in a germ  cell w ould  p ro b ­
ably  involve several genes on the same c h ro m o ­
some a n d  w ould  in any  case im p a i r  the

efficiency of all circulating leukocytes. Con­
sequently. if  the fetus survived, the risk of an 
infection death during infancy would l>e excep­
tionally high, and only children who escaped 
these early deaths would die of leukemia. 
Moreover, any reduction in infant mortality, 
due either to prevention or cure of infections, 
would adversely affect, the leukemia death rate 
(1 and chart) .

Prem aliguant conditioning of a leukocyte 
precursor in an adult, tha t  is. a somatic cell, 
would also im pair the efficiency of daugh ter  
cells, bur in such cases the existence of healthy 
leukocytes derived from normal stem cells 
woidd provide some protection against infec­
tions. Consequently the risk of an in te rcu r­
ren t deatli should be comparatively small, and 
to produce an adverse effect on the leukemia 
death ra te  there might have to he a substantial 
decrease in the infection death rate.

F in a l ly ,  i f  i t  is possible fo r  f a u l ty  m itosis  
d u r in g  the. fo rm ation  of  a germ  cell to im p a i r  
the efficiency of  leukocytes, and  ro pave  the 
way fo r  subsequent m a l ig n a n t  changes  in  leu­
kocyte precursors, one w ould  now adays  expect 
a  retrospective su rvey  to reveal a ra ised  inc i­
dence of  po ten tia lly  le thal in fec tions am o n g  
ch ild ren  w ho subsequently developed leukem ia, 
p rov ided  th a t  an tib io tics  were easily accessible.

I n  the  1958 re p o r t  o f  the su rvey  of 1953-55 
deaths  from  cancer and  leukem ia (2). a ra ised  
incidence of pneum onia  am o n g  the  ch ild ren  
w ho subsequently  d ied  o f  leukem ia w as m e n ­
tioned. B u t  the possib ili ty  t h a t  th is  f ind ing  
was im p o r ta n t  and  re la ted  to  the  h ig h  incidence 
of  mongolism was not considered u n t i l  1959, 
when the  o r ig ins  o f  m ongolism  were exp la ined  
fo r  the f irst time. Once i t  w as rea lized  th a t  
mongolism was due to  a chrom osom al a b n o r ­
m ali ty  which b ad  been p resen t  since conception 
a n d  which pred isposed  n o t  only  to in fec tions 
b u t  also to m a l ig n a n t  changes in the  cells 
which protect the body aga ins t  in fec tions, the 
possibility  t h a t  o th e r  cases o f  leukem ia  and  
cancer in  childhood were  due to  lesions w hich  
p red a ted  o r  coincided w ith  conception h a d  to 
be considered.

R eexam ina tion  o f  the  d a ta  on 195.1-55 d ea th s  
f ro m  cancer an d  leukem ia (.9) show ed th a t  
pneum onia  was the commonest, but n o t  the  
only  po ten tia l ly  le thal,  in fec t ion  w h ich  was
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recorded  m ore  o f ten  in the  m edica l h istories of 
ch ild ren  who subsequently  d ied  of  leukemia 
th a n  in the  h is tories  o f  c h i ld ren  who subse­
quen tly  d ied  o f  o th e r  cancers. Since a ra ised  
incidence 'o f  these serious in fections was a 
-•v ik ing fea tu re  o f  m ongols a n d  o th e r  ch ild ren  
alio  d ied  o f  leukem ia before  the  age o f  5 years  
a n d  were no t  X - ra y e d  in  u te ro . it  was sug­
gested th a t  there  m ig h t  be tw o d is t in c t  varie ties 
of leukem ia in  ch ildhood : one in it ia ted  a t  o r  
before conception a n d  associated  w ith  a  low 
resistance to infection  (com m on fo rm ) a n d  the 
o the r  in i t ia ted  in u te ro  o r  a f t e r  b ir th  a n d  asso­
ciated w ith  a n o rm al resistance to infection 
i h i re f o r m ).

T he  fam ily  h is tories  o f  the  su rvey  ch ild ren  
"ere scru tin ized  f o r  evidence of  a ra ised  in ­
cidence of  n o n m a l ig n a n t  b lood  diseases in the 
relations o f  leukemic ch ild ren . T he  d a ta  proved 
inadequate  for  th is  purpose  b u t  they d id  succeed 
in show ing  th a t ,  despite  th e i r  ra r i ty ,  “cancer 
fra tern ities ."  th a t  is. tho sam e m alig n an t  disease 
all'ccting more th a n  one m em ber  of  a s ibship.

were more common th a n  w ould  be expected  if  
they were m erely  chance phenom ena.

There  were o the r  ind ica t ions  in  the o r ig in a l  
d a ta  th a t  genetically  t r a n sm it te d  cancers were 
no t confined to re t inoblastom as, b u t  i t  w as not 
possible to  be ce r ta in  t h a t  th is  w as so. H ence 
the decision to ex tend  the  su rvey  a n d  redesign 
the p ro  fo rm as  so t h a t  the re  w ould  be some 
possibility  o f  tes t ing  the  theo ry  t h a t  f a u l ty  m i­
tosis d u r in g  o r  before zygo te  fo rm atio n  is a com­
mon cause o f  m a l ig n a n t  disease in  childhood, 
th ough  these diseases m a y  also be due to 
m itotic  abe rra t ions  invo lv ing  somatic cells. I t  
was also hoped  that, the  new  d a ta  w ould  help 
to  settle the controversy  ab o u t  p ren a ta l  X -ra y s  
being a cause o f  m a l ig n a n t  disease in childhood.

T h is  controversy  exists  because i t  is im pos­
sible to be ce r ta in  th a t ,  in  the  re trospective s u r ­
veys m entioned  above, the n o rm a l  incidence o f  
p ren a ta l  X -ra y s  was correc tly  estim ated. I t  is 
therefore  im p o r ta n t  to ob ta in  evidence which  is 
independen t of  contro l d a ta .  I f  all  ch ildren  
b o rn  in a given pe r iod  who subsequently  died
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of m alignant disease could  be traced , i t  would 
1» a re la tive ly  sim ple m a t te r  to  decide w hether  
“i r r a d ia te d "  and  “n o n ir rn d ia te d ” cases had 
different age d is tr ibu tions.  T h e  survey of 
l«5l>-(i0 d ea th s  will not p rov ide  all the fa r ts  
l-eqitired. but if  it is successful, the  da ta  will 
include an 8-year fo llow up of ch ild ren  born 
between l!)5(i and  10.*)" a n d  m ay  be sullicient 
fo r  the purpose ( tab le  1).

O ther theoretica l considerations. T h e  su g ­
gested w ork in g  hypo thes is  w ould  only be ac­
ceptable if  it offered a ra t io n a l  exp lana tion  of 
the fo llow ing  facts. F i r s t ,  in fa n ts  a p a r t ,  the 
r isk  of  developing a m a l ig n a n t  disease de­
creases w ith  age before p u b e r ty  and  increases 
with age a f te r  puberty .  T h e  age d is tr ibu tion  
of child ren  w ith  cancers, th a t  is. the age a t  
death, varies  w ith  cell type. C ancers of  n e rv ­
ous tissues are  commonest in  the first and sec­
ond years, renal cancers an d  re tinoblastom as 
in the th i rd  year, leukem ias  in the  fo u r th  year, 
and  lym phosarcom as in the  fifth year. Sec­
ond. com pared  w i th  o the r  cancers, leukemias 
have a lw ays been re la tive ly  common in ch ild ­
hood an d  are  now adays  the  commonest va r ie ty  
o f  m a l ig n an t  disease in childhood. I n  adu lts  
less th an  10 pe rcen t  of m a l ig n a n t  diseases are 
leukemias.

A g e  d is tr ib u tio n . So f a r  n o th in g  has  been 
said about- the  n a tu re  o f  “ p ro m o te rs"  except 
th a t  there  is reason to th in k  t h a t  in norm al 
c ircumstances they do no h a rm ,  and  merely 
encourage mitosis. Since it is only  in the  p re s ­
ence o f  p re m a lig n a n t  cells th a t  a p rom ote r  ever 
produces a cancer, it is possible th a t  “ na tu ra l  
p rom oters"  include g ro w th  fac to rs  (general 
p rom oters)  and  also r e p a i r  mechanism s and de­
fense mechanisms (local p ro m o te r s ) . A ssum ing  
tha t  th is  is so, a n d  th a t  there  is a sizable popular 
tion of  p re m a l ig n a n t  genes in newly form ed 
zygotes, one would expect the  r isk  o f  prom otion 
d u r in g  childhood to decrease w ith  age (genera l 
p rom oters)  a n d  the risk  d u r in g  adu lt  life to 
increase w ith  age (local p ro m o te rs ) .  One 
w ould  also expect a te m p o ra ry  increase in risk 
d u r in g  puberty ,  b u t  th is  w ould  be difficult to 
detect in na tiona l s ta t is t ics  because these only 
show dea ths  in 5-year age  groups. Lee (2 1 ), 
who obta ined  dea ths  fo r  ind iv idua l  years, has 
shown th a t  there  is a  tem p o ra ry  increase iir the 
leukem ia death  ra te  d u r in g  adolescence. Since

1 3 6

m alignan t  cells are  incapable  of  m a tu r in g  much 
beyond the  stage which  they have a lready  
reached, one would also expect to  find th a t ,  when 
prom otion  occurred w ith in  a few weeks o f  con­
ception. the  resu lt ing  tu m o r  contained less well 
d if feren tia ted  cells than  when p rom otion  oc­
cu rred  finer. One purpose  of the  su rvey  is to 
discover w hether  there  is any  corre la tion  be­
tween age at  the onset o f  the f a ta l  disease and 
the m a tu ra t io n  phase  of the cancer cells.

P reponderance o f  leukem ias. I t  h a s  a lready  
been suggested that, the  small size o f  chrom o­
some No. 21 m ay be re la ted  to  the  fact tha t 
leukemia is a re la tive ly  common va r ie ty  o f  can­
cer in childhood. A ccord ing  to th is  theory  a 
gene con tro ll ing  leukopoiesis should  be situated  
on chromosome No. 21. a n d  leukem ia m igh t  be 
the  resu lt  o f  th is  chromosome b e in g  involved in 
a  m ito tic  aberra tion .

P ro v id ed  a preleukem ic s ta te  w as the result 
o f  fa u l ty  mitosis  in a leukocyte p recursor ,  tha t  
is. in a somatic cell, there  m ig h t  be no obvious 
side effects due to involvement o f  o th e r  genes 
on the  same chromosome. B u t  i f  the  change a f ­
fected  a germ  cell there  w ould be im p o r tan t  
side effects if  n e ighbor ing  genes were dam aged. 
T h e re  are  few er genes at risk in chromosome 
No. 21 th an  in o th e r  autosomes. an d  in view of 
what, is now know n about m ongolism , these 
genes may be less essential fo r  v ita l  processes 
th a n  genes on o the r  chromosomes.

T h e  sta tis tical association between mongolism 
and  leukemia w as one reason f o r  p o s tu la t in g  a 
leukopoietic  gene on chromosome No. 21. A n ­
o th e r  reason is the  so-called P h i lad e lp h ia  
chromosome. T h is  is the  nam e w h ich  has  been 
given to an  abn o rm ali ty  which has  been found 
in the leukocytes o f  some, b u t  n o t  all, cases of 
m yeloid leukem ia in adu lts  (2 2 ). T h e  chromo­
some involved is e i the r  No. 21 o r  No. 22. which 
a re  difficult to d is tingu ish , a n d  i ts  appearance  
suggests  t h a t  d u r in g  division o f  a leukocyte 
stem  cell p a r t  o f  the  chromosome w as  lost.

A cco rd ing  to the  theory  ou tl ined  above, then* 
would be n o th in g  paradox ica l  about finding a 
p a r t ia l  deletion o f  a chromosome in  some cases 
o f  leukemia, and  a duplica tion  ( t r i so m y )  of  the 
sam e chromosome in o the r  cases. N o r  would it 
be su rp r is in g  to  discover th a t  w hen  the c h r o m o ­

somal abn o rm ali ty  is found  in all cells. the 
leukem ia  occurs early  and  is accom panied by
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o th e r  congen ita l  defects, and  when it. is found 
on ly  in  leukocytes, the leukemia occurs hue, and 
there  a re  no congenita l defects.

A n o th e r  fea tu re  which lias p robab ly  in­
fluenced the  prevalence o f  leukemias in ch ild ­
hood has  a lready  been nieulioued; namely, the 
low ering  o f  the in fan t  m orta l i iy  rale. T h ir ty  
y ears  ago cancers n f  nervous tissues, th a t  is. 
neuroblastom as and cerebral tum ors ,  m ore often  
caused dea th  in childhood than  leukemias. and 
i t  is only  since the discovery o f  sulfonam ides 
t h a t  leukemias have taken first place.

P ro g  re**. W i th  these ideas in m ind  the sec­
ond  p a  it of the survey was launched  in A p r i l  
15)151. Once again  county and coun ty  borough 
health  d ep ar tm en ts  have assum ed responsibility  
fo r  the fieldwork and  a lready  a r ran g em en ts  
have been made to trace more than  th ree-quar­
ters  o f  the children  who died between 1 !)*>(» and 
15)150 ( tab le  2 ) .  A s in the  survey of l!)f>.‘)-.">f) 
deaths ,  each dead child will he pa ired  off with 
a  live child  o f  the same age and  sex. an d  doctors 
will in terview  mothers. T h e  m o the rs '  descrip­
tions o f  th e i r  ch ild ren 's  illnesses. X - ra y  ex­
posures. and  fam ily  histories will be recorded 
on specially  p r in ted  schedules a n d  the  more im­
p o r ta n t  items will be. checked w ith  hospital 
records.

P edigree  data. In  the survey  o f lOM-So 
d ea th s  some ’ in fo rm ation  about the m other 's  
re la tives was obtained, bu t com para tive ly  little 
a t ten t io n  was pa id  to the f a th e r  a n d  his side of 
the fam ily .  M others  were asked i f  they knew 
o f  any  relatives who had  died o f  cancer or  
leukemia, b u t  the ir  answers showed th a t  they 
knew, offhand, less about th e ir  husbands ' re la­
tives th an  about th e i r  own. In  the survey of 
15)f)(5-fiO dea ths  more extensive fam ily  histories 
will he recorded and  a new method o f  collecting 
pedigree d a ta  has been devised.

E ach  m o the r  will he visited first by a health  
v is i to r  assigned to h e r  parish . T he  health  
v is ito r 's  instruc tions a r e :  (//) to  ob ta in  the  co­
opera tion  of  the m o th e r :  (/•>) to ascerta in the 
dare  o f  b ir th  of  the  dead  child  ( th is  is needed 
to ob ta in  the c o n t r o l ) ; (e )  to expla in  what, is 
r e q u i re d : and  (d ) i f  necessary to help the 
p a ren ts  to  complete schedule X , E n u m era t io n  
o f  Relatives.

To genera l,  schedule X  will he given to  the 
m o th e r  about a week before the doc to r  calls, io-

g e th e r  w ith  a covering  le t te r  which asks he r  to 
record , un d er  p r in ted  headings, all th a t  she 
and  h e r  husband  know about ’’the fo u r  g r a n d ­
pa ren ts  o f  the  su rvey  ch ild  and  all the ir  direct 
descendants, inc lud ing  s t i l lb i r th s  and misear- 
ria ires. "  T h e  prin ted  head ings  include position 
in  sibship, illnesses an d  X - ra y  experiences 
( p a re n ts ) ,  all causes o f  d ea th  an d  o th e r  specified 
illnesses (o th e r  re la t ives) ,  dates* o f  In ith  ami 
present stare  o f  h e a h h  o r  cause o f  c.eath ls ibs) .  
m iscarriages a n d  s t i l lb ir th s  (m o the rs  and  
g ra n d m o th e rs ) .

C ontro l selection li*t*. Schedule  X  is an  
exam ple o f  an  innovation m ade in the light o f  
ea r l ie r  experiences. A n o th e r  exam ple  is the 
e n t ry  a longside each name on the Contro l Selec­
tion List of the le tte r  D (dom ic il ia ry  delivery) 
o r  H  (hospita l  o r  n u rs in g  home de livery ) .  
K n o w in g  as we now do th a t  the cases in the 
survey  o f 15)5.‘l-i)f> dea ths  h a d  a h ig h e r  incidence 
o f  prena ta l X - ra y s  th an  the  controls (-?). it is 
clearly  important, to know w hether  first choice 
contro ls  a re  represen ta tive  o f  the population  at 
la rge  in respect o f  b i r th p lace :  also w hether  
fa i lu re  to ob ta in  100 percent of  first choices has 
biased the control g ro u p  in th is  respect.

O th er m i wren o f  hinn. Retrospective data 
collected by several doctors direct from mothers 
of living and dead children are subject both to 
recording bias (doctors) and to reporting  bias 
(mothers). By insisting from the beginning 
that, the records from each case/control pa ir  be 
compiled by one doctor, the first lype of bias 
should have affected ease and control da ta  
equally, and should not have been an important 
source of erro r in the earlier reports 0 ). I t  
is less certain th a t  the second so u r  e rro r 
has not affected these reports, and the suspicion 
still remains that the findings in respect of 
prenatal X -rays  were due to “memorv bias”
(sW).

A  knowledge of the ways in which the origi­
nal case and control groups differed from one 
another should make ir possible to collect more 
convincing data  in the new survey. On this 
occasion answers to questions which are ex­
pected to reveal differences between cases and  
controls will he systematically checked. In  
addition, several new questions will !>e asked 
for the express purpose of discovering whether 
events which could nor possibly have alfectcd
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e
the children, for example. X -rays of the parents 
a f te r  birth of the child, are reported with equal 
frequency bv parents of  both cases and  controls. 
In  die original survey only positive statements 
about abdominal X -rays du ring  pregnancy were 
continued by asking X -ray  departm ents to p ro ­
duce the original records. In  the survey of 
l!K>li—tin deaths addresses of antenatal clinics 
and X -ray  departments will be automatically 
recorded, and the intention is to check negative 
statements ulmur X -rays on a sample basis, and 
positive statements on a comprehensive basis.

Checking r e c o n h .  As soon as the completed 
pro formas are returned to Oxford they are ex­
amined to see if they are internally consistent 
and to decide what type of postal followup is 
required. The object of this is to obtain hos­
pital records of the fatal illness and confirma­
tory evidence about the following statem ents:

• X -rays and illnesses of the mother during  
the pregnancy of the survey child, including 
anemias and threatened abortions.

• Relatives w ith  anem ia  o r  o th e r  blood d is ­
eases. including leukemias.

" Relatives with "matching" cancers: that is. 
the same type of cancer as the "index" case.

• Relatives said to have died at an early age 
from an obscure cause.

I n  addition , a p p ro x im a te ly  25 percen t o f  n e g ­
ative s ta tem ents about X - ra y s  an d  o th e r  a n te ­
n a ta l  events will be checked.by a sk in g  an ten a ta l  
clinics to make an abs trac t  o f  the o r ig in a l  notes 
on a specially p r in ted  fo rm  (schedule G ). I f  
necessary, more in fo rm a tio n  will be obtained 
from  the mothers, and  some p a re n ts  will be 
asked if they are  w il l ing  to have sibs o f  the  
survey  child  examined. T w in s  will be included 
in th is  group; also ch ild ren  who have lost m ore 
th an  one sib. o. have tw o o r  more re la tives  w ith  
blood diseases: fo r  example, leukemia, p e rn i ­
cious anemia, p u rp u ra ,  acholuric  jaund ice ,  a n d  
ap lastic  anemia.

Prexrnt xhttiew A t the time o f  w r i t in g  ( S e p ­
tem ber lfl(>l), 220 case /con tro l  p a ir s  have  been 
completed and  85 " lo s t ' ; cases have  been re ­
tu rned  to O xford . T h e  p ro p o r t io n  o f  lost cases 
is high, bur this is nor su rp r is in g  since i t  takes  
longer  to complete the records fo r  a ca se /con ­
trol th an  ro discover th a t  a fam ily  has  moved 
to an unknown address  (49 cases), o r  th a t  the 
m o the r  is e i the r  nor w il l ing  to coopera te  (30
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cases), or nor in a fit state to be interviewed (II 
cases). Already a considerable amount of in­
formation about the lost cases has been obtained 
from other sources, such as hospitals, welfare 
clinics and schools, and in two cases this was 
sufficient to justify  finding a "marched" control.

T h e  results o f  the postal followup suggest 
tha t the num bers  o f  X - ra y  records which are 
still available  a re  la rg e r  th an  the number* 
which have been destroyed  a n d  m ay be sufficient 
to test the accuracy  of the m others ' statements. 
T here  has been no difficulty in ob ta in ing  from  
hosp ita ls  e i the r  the  o r ig ina l  records of  the fa ta l  
illnesses o r  abs trac ts  o f  the orig inal notes on 
specially  p r in te d  form s (schedule A ) .  So  f a r  
none o f  the m o the rs  who have been interviewed 
has resented a fo llow up le t te r  and  most of  them 
have been able to complete schedule X .  We 
feel confident th a t ,  p ro v id ed  they are  given 
sufficient rime, the  p a re n ts  o f  our survey chil­
dren will he able both to enum erate  th e ir  re la­
tives a n d  to tell us  where to  look fo r  hospita l 
records and  d ea th  certificates. I t  is too soon 
ro say  how m any  o f  the  ch ild ren  who died  be­
tween 105f» a n d  1990 will eventually  be traced, 
but the  prospects  are at least as p ro m is in g  as 
they were at the same stage  of  the su rvey  of 
195:1—55 deaths.

Summary

The survey of childhood malignancies 
originally included only children who died be­
tween 19551 and 1955 but has recently been ex­
tended to include later deaths. In  the final 
study population there will be children who 
were bom  in the 18 consecutive years 1943-00 
and whose deaths were spread over the S calen­
dar  years 1953-00.

T he method of collecting data and selecting 
controls for the 1 9 5 :5 -0 0  deaths remains the 
same, but the pro formas have been revised 
and there will be more systematic checking of 
mothers' statements against hospital records.

I t  is hoped to settle the controversy about 
the effects of prenatal X -rays by comparing 
the ages of irradiated and nonirradiated chil­
dren. and thus obviate the need to place reli­
ance on control data.

I t  is suggested th a t  the first stage in cancer 
promotion is a mitotic aberration and th a t  the
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com m onest cause o f  ch ildhood  cancel's is fau lty  
m itosis  d u r in g  division o f  a g e rm  cell. Fo llow ­
in g  such an  accident the  risk o f  dea th  before a 
tu m o r  has rime to  develop is m uch  h igher  th an  
the  co rrespond ing  r isk  fo l low ing  fa u l ty  mitosis 
in  a som atic  stem cell. Consequently  there are  
no  “ tw in  affinities'* a n d  there  is a low incidence 
o f  fam ilia l  cancers.
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Radiation Symposium

A  sym posium  ou the technological needs fo r  reduction of  patient 
exposure from  diagnostic  rad io logy  will he held M arch  ;*)-(!, Ii)li2. in 
the m ain  a u d i to r iu m  of the H ea lth ,  E d u ca tion ,  and  W elfa re  B u ild ing . 
W a sh in g to n .  D.C. T he  symposium, sponsored  hy the  Pub lic  H e a l th  
Service, will eva lua te  present knowledge a n d  discuss fu tu re  investiga­
tion  in fo u r  m ain  ca tegories: hum an  a n d  phan tom  dosim eters: radio- 
g ra p h ic  e q u ip m e n t : fluoroscopic and  intensiKer equ ipm ent:  a n d  radio- 
g ra p h ic  g r id s ,  screens, and  HI ms.

F o r  f u r th e r  in fo rm atio n  a n d  tickets, contact D r.  M. L . .Tanower, 
D ivision o f  Radio log ica l H ea l th .  P u b l ic  H e a l th  Service. W ash ing ton  
25. D .C . .
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of such controls in experim ents concerned 
with the role of oncogenic tninsform ntion in 
vitro by known agents.

W ith the  recognition of the S antigen the 
question urose concerning its relationship to  
the  SV40 tum or-hom otransplantation  a n ti­
gen of Habel and Eddy (1903) because of its 
orientation a t the cell surface where, p re ­
sum ably, the  Hahel antigen is also located. 
T he m aterials provided by the  present series 
of experim ents appear to offer m eans of 
investigating this problem experim entally by 
com paring the  oncogenic tite r of cells from 
S-positive, T-negntive lines w ith th e  t ite r  of 
homologous oncogenic nouexi>osed lines in 
SV40-immunized ham sters according to 
H abel’s technique (1902). Experim ents of 
th is kind are in progress.
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Differential Bacteriophage DNA Replication after Induction 
of a Strain of Escherichia co/i Doubly Lysogenic 

for <A80 and 08Odlac

K A T H L E E N  D IXON HERCULES, RISE IvNACHT, a n d  G E O F F R E Y  Z U B A Y

Department of Biological Sciences, Columbia Uniicrsily, Xew York, Hew York 10027

A double lysopon of Escherichia coli containing prophages *80 and *S0dlac (with 
a temperature-sensitive repressor for phage induction) has been investigated for 
y ie lds of the two bacteriophages under different conditions of growth and lysis. The 
yield of *S0dlac is strongly dependent on the growth medium used. In  growth me­
dium A approximately equal amounts of *80 and *S0dluc are obtained. In  growth 
medium B  a reasonable yie ld of *80 is produced but very l it t le  *S0dlac is produced.
This is due lo tho fact tha t very l it t le  *S0dlnc DNA is produced in an induced culture 
in medium B. A minor modification of Campbell's model for prophage excision is sug­
gested in which homologous parts of the two prophages in teract to form one in tact 
pluige chromosome. I f  th is mechanism of excision prevailed in medium B it could 
account for the low yie ld of transducing phage.

INTRODUCTION
The factors controlling the induction of 

temperate bacteriophages arc the subject of 
much current investigation. In  order for 
induction to  occur, a cytoplasm ic repressor 
encoded by  the  prophngc m ust be destroyed. 
According to recent studies (W cisberg and 
Gallant, 19G8) protein synthesis is necessary 
in order for the detachm ent of the prophage A 
to occur a fte r the repressor is destroyed. T he 
work of Signer and Beckwith (1966) sug­
gest.- th a t in the  related virus <£S0 this m ay 
involve the synthesis of enzymes which spe­
cifically prom ote recom bination in the phage 
attachm ent site region and therefore m ay  be 
responsible for phage detachm ent.

This paper is concerned w ith a  doubly 
lysogenic strain  of E. coli containing d»S0 and 
£S0dlac as prophages. T he d>N0dlac was de­
rived from the  <#>S0 particle in the m anner 
described by Signer and Beckwith (1966). 
According to the Campbell (1962) model for 
tlte form ation of a  transducing plmge, both 
prophages should contain sim ilar at tachm ent 
files for the bacterial chromosome. The two 
Phages should in fact be isogenic except for 
the region containing the transducing frag­

m ent. Because of this, one would expect 
induction and replication of both prophages 
in the double lysogen should be sub ject to 
the  sam e control factors. In  the  course of 
a ttem p tin g  to  optim ize phage yield i t  has 
been observed, con trary  to  expectation, th a t  
the relative am ounts of the two prophages 
are subject to  large varia tions dependent on 
grow th conditions. A description of ■ m ast 
strik ing  findings is contained herein.

M ATER IALS AND METHOD?
Media

M edium  A : LB broth , per 1 liter distilled 
w a ter; bnc to tryp tone  (Difco), lOg; yeast 
extract, .i g; N aC l, 10 g; 20 ,r glucose, 5 ml; 
and 1 M  CaClj, 2.6  ml added after autoclav- 
ing.

M edium  B: per 1 lite r distilled w ater: 
IvH -PO t (anhydrous), 5.0 g; K jH PO i (anhy­
drous) 2S.9 g; y east extract, 10 g; thiam ine,
10-15 m g; and 25(5 glucose 40 m l added 
tifter autoclaving.

L -bro th : pe r 1 lite r distilled w ater: bacto- 
try p to n c  (Difco), 10 g; yeast extract, 5 g; 
N aC l, 5 g; 5 ml 2 0 /f glucose, 5 m l; and
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Cultures of 7 nononcogenic lines of Syrian hamster cells originating (rom the same 
p o o l  of embryonic tissues were exposed to SV40. Four months Is lc r  tests for "Sur­
face" (S) and "Tumor" (T) antigens nnd (or oncogenicity were performed on cells 
deriving from these cultures and on cells from homologous unexposcd cultures which 
were m sintsincd under tho same conditions. Cells from 4 of the virus-exposed lines 
exhibited S antigen, and 2 of these also exhibited T  antigen. Neither antigen waa de­
tected in cells from unexposcd cultures. Among cells from exposed cultures only those 
exhibiting one or both of the antigens were found to induce tumors in hamsters.
Among those from unexposed cultures, 2 had c learly become oncogenic. The la tter 
were homologous w ith  the virus-exposed cultures which exhibited S antigen only.
Results of leaui for 8 snd T  antigens on the ce lls of tumors resulting from implanta­
tion of exposed and unexposed cells revealed an exact q ua lita tive  correlation between 
Ihe d istribution of these antigens in the tnmnr cells nnd in the homologous re lls prior 
to implantation. The proportion, however, of T-positive cells which was low in the 
cultures before implantation was found to approach 100% in tho homologous tumor 
cells.

In  general Ihe results provide evidence '.hat the synthesis of S antigen is specifi­
ca lly  determined by the SV40 genome and may take placo independently of the syn ­
thesis of T  antigen. Because of concurrent "spontaneous” oncogenic transformation 
in homologous cultures not exposed to SV40, no association between the capacity to 
synthesize S antigen and the development of oncogenic potential was established.

INTRODL'CTION to  sim ian virus 40 (SV40) lias been described
Oncogenic transformation not associated by Dinmnndopotilos and Enders (lOOo). In

nit It the development of "tumor1 (T) r..iti- another series of experiments van der Xonr-
iton in hamster1 lung nnd liver cells exposed ^na and Enders (I9G0) failed to detect T

antigen in primary cultures of newborn
'Supported in part by United States Public hnmster lung cells (luring a [icriod nf S weeks

Health Scrvire Research Grants AI-01992-10, a f te r  exposure to  SV40. BecatLse o f la ck  o f
M-(V»3S2, and 5 Tl-Al-74 from the National In- d ire c t e v id en ce  it  w as im possib le  a t th a t
onote of A llergy and Infectious Diseases, and tinl(J ( lcc ; j e w h e th e r tran s fo rm a tion  Wits
‘ -US73I-02 and CA-04900 from the National (LSS(lcin|ed with p ^ e n c e  of the viral
< a n r r r  In s tiiiitp . National In stitu tes of Health, . ,Dei Voiii M aryland genome or re-r-onted spontaneous acquisi-

" American Canre'r Society Professor of Vi- " f  o n cogen ic ity . Recognition o f "sur-
M|«,ev. litct? (S) nut in i'll n v  I r v r l ln i t  and  In?* r»»

' T h ro u g h o u t  "hamster" rcfera lo golden Syr- workers (Tevelliittand Rapp, HHiTi; Tevelhia
„ i  - 1 *.« U tM A .tw in e f ik r in iw I  / •n l lc  f i l l .

m
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pt-ared In offer m eans whereby this problem 
might lie furlhor investigated. Accordingly.
Ii-.- Is Ini S m i l w e n -  done nml Inilliil In  lie 
|insitive in it uf the (i limn cell lines nml 1 nf 
I lie 5 liver cell lines to which we have ju st 
re ferred .S  autigen, although not consistently 
tiHSocialcd with oncogenic potential in the 
liver lines was clearly detected only in lung 
lines that were oncogenic (unpublished ob­
servations). These findings suggested that in 
the lines synthesizing fj antigen the SV-IO 
genome m ight be present hut possibly in n 
m ore repressed or incom plete s ta te , since 
synthesis of T  antigen was not observed.

T o  obtain  fu rther relevant da ta , the ex­
perim ents describee! here were undertaken in 
which established lines of “ norm al" ham ster 
em bryonic cells were employed. These lines 
were selected becnuse they perm itted  the 
sim ultaneous s tu d y  of uninoculated control 
cultures, which were com parable in all o ther 
known respects to those exposed to  the  virus. 
T h e  procedure adopted was basically analo­
gous to  that employed in experim ents with 
the  lung and liver system s (Diumaudnpuulos 
and E ndcrs, 1905), i.e. th e  virtts was added 
and the  cultures were allowed to  remain 
w ithout cell transfer for a  period of 3  
m onths when cell passages were resumed.

MATER IALS AND METHODS
Vims. RV-10, s tra in  VA 45-54, was grown 

in m onolayer cultures of line AH-1 G rivct 
m onkey kidney cells (Gitnnlp, 1905). 
TCTD-n 0.1 ml a s  determ ined in th is system  
was log 0 .2 .

Cells, (a) H am ster em bryo cell lines. 
.Seven uncloued lines, all of which originated 
from th e  sam e pool of ham ster em bryonic 
tissues (D inniaudopoulos ami Enders, 1900) 
were employed. Cells were grown in Puck’s 
m edium  with addition of 10 Cl inactivated 
horse serum  and 10% fetal calf serum . When 
tested for oncogenicity (Diamnmlopoulos 
ami Enders. 1900) a t the  15th ami 30th 
passages (10 and 15 m onths, respectively, 
a fte r  in itiation), none of these lines produced 
tum ors a fte r subepithelial im plantation  of 
10' cells into the  Syrian ham ster cheek 
pouch. As routine, passages were carried 
out at weekly intervals. At the 30th passage 
level ali(|tiots of cells of each line were frozen 
am i stored . A fter 0  m onths the cells were

quickly thawed nl 37°C and propagate] 
according to procedures previously ili-i-rj|M,| 
( Iliiiliinmlnpnulns and Endcrs, ItlliOi. (|,, 
.Monkey cells. Cultures of the AH-1 lit-e n[ 
grivel monkey kidney cells (fiiiualp. ptgji 
were grown in monolayers employing Puck\ 
medium containing 10% inactivated ham. 
serum-and 10% fetal calf serum.

Tests nf oneoqenieihj. Cell suspension, 
were prepared, enum erated, nnd implanted 
suhcpithclinlly in aliquots of 0.5 ml contain, 
ing  10* cells, in to  b o th  cheek pouches ol 
weanling male Syrian ham sters, according to 
procedures already described (Diamaiido. 
jroulns and Enders, 1900). As routine, G 
anim als were used for each cell suspendon 
tested.

Immunnflunieseence techniques, (a) Test* 
for T  antigen were performed by the indirect 
fluorescence antibody technique n« previ­
ously described (D iam andopoulos and 
Enders, 1905). (b) T ests for S antigen were 
carried  out by  the  indirect immunofluores­
cence an tibody  technique originally  de­
scribed by  M uller (1901). Briefly, the  celL* 
growing in tissue culture as monolayers were 
brought into suspension with 0.3%  try | dn, 
washed once with Engle’s medium containing 
in c ;  fetal calf serum  nnd 3  tim es with Tri*- 
buffered saline (TBS), pH  7.4. A fter the 
final wash, 10 '-cells wercitllowed to rcact with 
4 drops of serum  from SV40-vaccinatcd 
ham sters th a t had resisted transplantation 
of 100,000  ham ster cells transform ed by 
SV40. A fter incubation for 1 hour nl 37°, the 
cells were washed 3 tim es with TBS and 
were allowed to react with nntiham ster 7 - 
globulin horse 7 -globulin conjugated '  ith 
fluorescein isothinrynnate. After incubation 
for 30 m inutes a t 37° in th e  dark , the  eell- 
were washed 3 tim es, drained, sus|iemled in 
buffered glycerol (pH  7.0), nnd examined in 
a Z e i s s  fluorescence microscope. Only the 
cells showing a bright green fluorescence in 
the form of a ring around the cell were 
counted as positive. A cell line was railed 
positive for S antigen only if more than  50f> 
of the  cells showed specific m em brane flu"' 
rescence. Controls included either the normal 
ham ster serum  or serum  from adenovirus 
ty p e  12  tum or-bearing ham sters allowed to 
re ad  with the cells under test. Cells known 
to  contain SV40 specific S  antigens were also

S AND T  ANTIGENS IN SV40-EXPOSED CELLS

TAI1LE 1
1  r « t«  io n  V tM 'iiiirN iriT i a n i i  x u r  Dr.VRMiCMKNT o r  S  a n i .  T  A n t io c h "  i n  7 L in z *  o r  I ls M M rn  

E s i i i i i v o n i c -  Cr.M Ji l ix N in z ti  a n d  N o n k x i - i i a k i i  7 0  H \ III

Onco­
genicity "S" Antigen" *T ' Antigen" Onco­

genicity* Tu™ (,C'U Tumor Cel! 'T "  Strufl[' ,'Anti'

1
Lines

It) and 15 
Months 4 months 4 months 4 months 3 months 3 months 3 months

Non- SV40 SV40 Non- SV40 Non- SV40 Non- SV40 Non- SV40 Non-SV40
Exposed Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp.

E _ + __ _ + + + - -  -  -
p _ + — — — + + + — — — —

M - + - 1-3%
+ + - + 100%

+ +

2Ps
K j
r«
1

-
+

-

0-1%
+ +

j .

+ 100%
+ +

• Lines were troien for s ix months, then thawed for experiment. 8 - surface, and T  -
_ tumnr. antigens.

included in each test. T h e  preparation  o f S  m unofluorescence technique. A m ajo rity  of 
antibody nnd the num erous tests carried o u t thcSV 40exposed grivetm onkcy  cellsshow ed 
to dem onstrate the specificity of the  reac- a fte r 24 hours typ ical in tranuclear fluores- 
lion are described elsewhere (T rev e th iaefa f., cent sta in ing  nnd the  num bers of such cells 

,  19G5,1907). had  increased by 48 hours. Specific fluorcs-
i’ me ccnce was n o t seen in uninoculated m onkey

RE. ULTS cejl p reparQtions, nor in any of the  SV40-
Two monolayer cultures of each of the  7 exposed o r unexposed h am ste r cell cultures, 

nononcogcnic ham ster em bryonic cells lines T he rem aining 7 SV40-cxposed h am ster 
in the 32nd passage were prepared in  te s t cell te s t tu b e  cultures w ith  th e ir 7 unexposcd 
tubes (10 X 150 m m ). A t the  ram e tim e and hom ologous cultures were subsequently  
employing th e  same cell suspensions, 4 cul- m ain tained  for 3 m onths w ith twice weekly 
tures of each line were prepared on cover- changes of grow th m edium  bu t w ithou t 
slip- carried in Leighton tubes. On day  3  subcu ltu re . F req u en t m icroscopic exam ina-
aftcr the cultures were established, 0.1 ml tion  gave th e  impression th a t the cell |x>pula-
of undiluted stock SY40 w as added to  one o f tions in th e  virus-exposed cultures increased 
each of the 2  test tube  cultures and to  2  of slightly  as com pared w ith those in th e  un-
well of the  4 Leighton tu b e  cultures o f each exposed group. A t the end of the  3 m onth
cell line. In  addition, 0.1 ml of stock virus period, 4 successive passages a t weekly
" a s  added to  each o f 2  coverslip cu ltu res of in te rv als of th e  cells from each of th e  14
the A II-I line of grivct m onkey kidney cells cultures were m ade, dividing the  te lls  by
ui Leighton tubes. C om parable uninoculated one half at each passage. C ultures of th e  4 th  
cultures of m onkey kidney cells were included passage were tested for presence of S  nnd T  
*s controls. All cultures were then incubated  nntigens, for plating  efficiency, and  for 
*’ .37°. At 24 nnd 48 hours a fte r addition  of oncogenic po ten tial. T h e  results of th e  tests 
. 40. cover glasses were removed from  for these antigens and for oncogenicity nre 
U'Oculated and uninoculated Leighton tube  sum m arized in T ab le  1. H inting efficiencies,
cultures and the cells were examined for since they  fnilcd to show any significant
presence of T  antigen by the  indirect im - differences betw een SV40-cxposed nnd un-



330 IlIAMANDOPOULOS, T E V E T IIIA , UAPP, AND ENDEUS

of such controls in c.\|icrimenLs concerned 
w ith the  role of nnengcnie tn inslorm iitiun in 
film  In known iigrnln.

W ith the recognition of the S mi linen the  
question nrose concerning its re lationship to 
the SV-10 tum or hom otm nsplantnfion a n ti­
gen of llithel and Eddy (11)03) because of its  
orientation at the cell surface where, p re ­
sum ably, the Habel antigen is also located. 
T he m aterials provided by the  p resent series 
of experiments appear to  offer m eans of 
investigating this problem experim entally  by 
com paring the  oncogenic tite r of cells from  
S-positivc, T -negative lines w ith th e  t ite r  of 
homologous oncogenic nonexposed lines in 
SY40-immunized ham sters according to  
H abel’s technique (1962). E xperim ents of 
this kind are in progress.
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Differential Bacteriophage DNA Replication after Induction 
of a Strain of Escherichia coli Doubly Lysogenic 

for <t>80 and <£80dlac

K A T H L E E N  DIXON HERCULES, RISE K N A C H T ,  a n d  G E O F F R E Y  Z UBAY

Department of Biological Sciences, Columbia linieereitg, .Yetc Port, Sew  Pori 10017

A double lysogcn of Erchcrichia coli containing prophages #S0 and «80dlac (with 
a temperature-sensitive repressor for pltagc induction) lias been investigated for 
y ie lds of the two bsclcriopbsgcs under different conditions of growth and lysis. The 
y ie ld  of ^SOdlnc is strongly dependent on the g tctrth medium used. In  growth me­
dium  A approximately equal amnunla of *80 and *80dlac are obtained. In growth 
medium B a reasonable yie ld of 4410 is produced but very l it t le  *80dlac is produced.
Th is is due to the fact tha t very lit t le  *80dlac DNA is produced in an induced culture 
in medium B. A minor modification of Campbell's model for prophage excision is sug­
gested in which homologous parts of the two prophages interact to form one intact 
pluige chromosome. I f  th is mechanism of excision prevailed in medium B it could 
account for the low yield of transducing phage.

INTRODUCTION
Tiic factors controlling the induction of 

tcmpernlc bacteriophages arc the  subject of 
much current investigation. In  order for 
induction to  occur, n cyloplnsmic repressor 
encoded by the prophage must be destroyed. 
According to recent studies (W oisberg and 
Gallant, 19G-S) protein synthesis is necessary 
in order for t lie detachm ent of the  proplmgc X 
to occur a fte r the repressor is destroyed. The 
work of Signer and Beckwith (19(>G) sug­
gest.- th a t iu the related virus $S0 this m ay 
involve the  synthesis of enzymes which spe­
cifically prom ote recom bination in the plmgc 
attachm ent site region and therefore m ay be 
responsible for phage d ttnchm ent.

This p a jx r  is concerned with a doubly 
lysogenic stra in  of E. coli containing $80 nnd 
$S0dlnc as prophages. T h e  $S0dlnc was i  • 
rived from the $so  particle in the m an..er 
described by Signer nnd Beckwith (19(10). 
A ccrd in g  to  the Campbell (1902) model for 
the form ation of a transducing phage, bolh 
prophages should contain similar n tluchm ent 
riles fur the  bacterial chromosome. T he two 
phages should in fact he isogenic except for 
the region containing the trunsducing frag­

m ent. Because of this, one would expect 
induction nnd replication of both prophages 
in the  double lysogcn should be subject to 
the  same control factors. In  the course of 
a ttem p tin g  to  optim ize phage yield i t  has 
been observed, con trary  to  expectation, th a t  
the  TPlalitr am ounts of the  two prophages 
are subject to  large varie.tions dependent on 
growth conditions. A description of our m ost 
strik ing  findings is contained herein.

M ATER IALS AND METHODS
M nlia

M edium  A: LB broth, |>cr 1 liter distilled 
w ntcr; bncto tryp tone (Difco), lOg; yeast 
ex tract. 5 g; N aC l, 10 g; 20  % glucose, 5 ml; 
nnd 1 M  CaC lj, 2.5 ml added after autoclav- 
ing.

M edium  B : per 1 liter distilled w ater: 
IvH jI’Or (anhydrous), 5.0 g; K jH I’0< (anhy­
drous) 28.9 g; yeast extract, 10 g; thiam ine, 
10-15 mg; nnd 2 5 "  glucose 40 ml added 
n ftcr nutoclaving.

L -broth: per 1 liter distilled w ater: bacto- 
try p to n e  (Difco), 10 g; yeast extract, 5 g; 
N aC l, 5 g; 5 ml 20%  glucose, 5 m l; and
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(•x|hwikI cells, a re  mil presented. From '1'nlilc 
I it is apparent that in till I In- titiiiinculnlcd 
i iilliircs neither S imr T  nutiui'n was demon- 
(•Hull'll. €*cI|m frnlii 3 of llir SV ll) exposed 
n iliiiri's  iiImi failed lo synthesize these a n ti ­
gens (K s,l’s,I). Cells of the  4 remaining 
eulltires th a t were cxjrosed in itially  lo SV40 
ilpvrlii|m l R antigen fE . I*, M , 2 l’s). nnd in  2 
of these (Al. 2I’s). cells synthesizing T  a n ti­
gen were also found. I t  is of interest that in 
these two lines the  proportion o f T  antigen- 
jxrsitive cells was low. T h at th is low ra tio  of 
T  positive to T  negative cells wns m aintained 
in rilro  was shown by exam ination of cultures 
of the  same lines which were subjected to  2  
additional passages.

T ests for oncogenicity dem onstra ted  th a t  
cells of 2 of the uninoculated lines (E  and P ) 
acquired this property  during the  course of 
the  experiment since progressively growing 
tum ors developed in both cheek pouches of 
all ham sters into which they  were im planted . 
Uninoculated line I  probably becam e weakly 
oncogenic, since a single sm all tum or (3  
m m ) developed in one of th e  G ham sters, 
each of which received 10* cells. Am ong the  
.SV-IO-exjxised lines, 4 became oncogenic (E , 
P , M , 2Ps) as indicated by rapid nnd vigor­
ous growth of the tum or masses in all 
anim als tested. T he pathogenesis and m or­
phologic m anifestations of these tum ors as 
com pared with those induced by  cells of 
uninoculated lines will be described else­
where.

T o determ ine w hether the cells of tum ors 
induced by cell lines rem ained unchanged in 
respect to  the synthesis of S and T  antigens, 
tum or tissues were trypsinized and cell su s­
pensions thus obtained were grown ns m ono­
layers and examined in the  first passage by 
the  immunofluorescence technique. These 
results are also sum m arized in T able  1. It is 
evident th a t correlation was com plete be- 
tween the presence or absence of S nnd T  
antigens in all the strongly oncogenic lines 
before and after passage in tiro . It is n o te ­
w orthy. Imwevei, th a t in the  case of the lines 
that originally exhibited sm all num bers of 
T -positive cells (lines M and 2 Ps), all or 
nearly all of the homologous tum or cells 
were capable of synthesizing th is antigen.

Immunofluorescence tests for the  presence 
of n n ti-T  antibody in the sera of anim als

bearing large tum ors induced by inim . 
m uscular im plantation of tin: (i strongly 
oncogenic lines are also recorded in I he table.
As cxjtcclcd, l liis antibody wits delected mily 
in sera from anim als hearing tum ors in w hic'h 
T  iuitigcn wns dem onstrable.

DISCUSSION

Although llie possibility still remains t |U( 
th e  emergence of neoantigens following ex­
posure to SV40 depends m ain dercpression 
of cellular antigens, much evidence is now at 
hand favoring the  view that T  antigen in 
non-virus-pm ducing SV40-exposed cells de- 
pends upon the persistence of viral genetic 
m aterial. Our findings, th a t S antigen ap­
peared in ceils of ham ster em bryo lines 
previously exposed to RV40 bu t not in cells 
of (lie unexposcd homologous lines main­
tained under the same conditions, provides , 
additional d a ta  suggesting th a t this antigen 
m ay also depend upon persistence of the 
SV40 genome.

I f  it be assum ed that information for the 
synthesis of both antigens is provided hy the 
viral genome, the results reported here sug­
gest th a t the genome may he expressed in 
one of two ways, i.e., in coding for Ihe 
synthesis of both S nnd T  antigens or in 
coding for that of R antigen only. This 
reasoning is based on the dem onstration that 
in th e  descendants of 2 of tne lines of cells 
exposed to SV40, R and T  antigens were 
synthesized, whereas in 2  o ther lines similarly 
trea ted  S antigen alone was reproduced. 
Relevont to the foregoing concept are the 
recent results of Klucharevn and co-workers 
(1007) indicating th a t the synthesis o: S 
antigen precedes the synthesis of T  nntiecn. 
Parenthetically , we may add here that in 
nddition to those postulated, the viral ge­
nom e m ay assum e still another s ta te  which 
would code for T  antigen only. T he present 
experim ents, however, afford no indication 
of w hether this may or may not occur.

We have no knowledge of (lie na ture  of the 
factors which determ ined w hether only ? 
antigen or both R and T  antigens will bo 
synthesized. One m ay speculate, however, 
th a t these factors arc. in pa rt a t least, cell- 
dependent, since in linos of RV40-cxposrd 
ham ster lung ceils (unpublished observa­
tions) only R antigen lias been demonstrated,

n l i i c a -  in ham ster heart cells m aintained 
under rtunpnniblo conditions both antigens 
urM. (mind (unpublished observations), Un- 
dimed rell lines originating from the mixed 
tj#sin* of whole em bryos were used in the 
r x p e i i m c n l s  rc|K>ned here. The observed 
variation, therefore, in the reproduction of 
div two antigens am ong these various lines 
niinlit reasonably be a ttrib u ted  to diffcr- 
rurcs in composition of cell population, 
which may have taken place during the  long 
period of independent cultivation in  ritro. 
On this assum ption one m ay further con­
jecture that in certain  of tho embryonic 
line® the populations came to  consist entirely 
of cel!® which were either com pletely resist­
ant to infection, or. if infection did indeed 
occur, coding for these antigens by the  viral 
genome was entirely  repressed. In o ther lines 
we may suppose ihat only cells perm itting 
the expression of th a t portion of the genome 
specifying the synthesis of S antigen were 

; present, while in those lines in which bo th  
' antigens were found ceils allowing complete 

expression of the genetic factors for each 
antigen were represented. T hat population 
didcr'iices existed in two of the lines a t  
least, is given some supiiort by tiic observa­
tion that in the  RV40-exj>oscd lines which 
exhibited ceils w ith R and T  antigens, the  
pro|x>rtion of T -positive cells was small when 
first observed nnd remained constan t on 
further subculture.

In presenting the foregoing ideas it was 
| assumed th a t tho viral genome rem ains in ­

tact. a t least in respect to  its capacity to 
provide inform ation for the synthesis of the  
two antigens. A lternatively , however, one 
can visualize s truc tu ra l losses in portions of 
llie viral genome s|>ecifyiiig one or botli of 

t these antigens whicit m ight be b rn u g h tab n u t
’ by factors present in cells of different origin.

If a way can be found to recover infective 
virions from cells of (lie lines synthesizing 

' wily R antigen, evidence might lie obtained
' in support of one nr the o ther of the m echa­

n is m -  just projioscd. T hus, should structu ral 
IosmiI a portion of the genome be responsible, 
rells which arc potentially capable of syn ­
thesizing both antigens should lie found to  
ryntln-size only P antigens when exposed to 
infective virus recovered from R-positivc, 
1  -negative lines. W ith this |xissibility in

*

I

i

mind, cx()crimcut!< will be und ertak en  to 
determ ine w hether by the  ceil fusion tech ­
nique which (lerlier (HUM) Imx recently  
applied to induction of RV40 in nou-viriis- 
produciug lilies, the  replication of infective 
virions in S-positivc, T-negntive lines can be 
induced.

In ham ster cells previously exposed in 
vilrn to SV40 a correlation betw een the  p res­
ence of T  antigen nnd the capacity  to induce 
tum or form ation has been dem onstrated  
(D iamnndopoulos and E nders, 19GG). In  the 
present experim ents the a ttem p t was m ade 
to  determ ine w hether in R-positivc, T-ncgn- 
tive cells a sim ilar correlation could be 
established. As s ta ted  a t th e  beginning, in 
tests for S antigen in several SV40-exposed, 
T -negntive ham ster lung cell lines, S antigen 
was detected in 3 which were shown to be 
oncogenic, while th is antigen wns not found 
in 3 rem aining lines which failed to induce 
tum or form ation. A lthough these findings 
suggested a  correlation betw een the  presence 
of S antigen nnd oncogenicity, this could no t 
be affirmed, since compnrnbie SV40-non- 
exposed lines were no t available ns controls. 
Consequently the possibility rem ained th a t  
spontaneous oncogenic transform ation  m igh t 
have occurred independently  of the capacity  
to  reproduce S antigen. In  th e  present ex­
perim ents w ith ham ster em bryo cell lines 
such controls were included. T he results, 
nevertheless, again failed to  answ er th e  ques­
tion conclusively, since n o t only the  two 
S-positive, T -negative SV40-cxposed cultures 
became oncogenic, b u t during  the sam e 
period of observation the  tw o hom ologous 
unexposcd cultures also acquired th is p ro p ­
erty . However, tum ors induced by the  2 S- 
ixisitivo liues (M , and 2 I’s) that, exhibited a  
small proportion of T -positive cells, con­
sisted preponderantly  of T -positive cells. 
Therefore, the S-positive, T -negative cells 
originally present in these lines m ay no t have 
been oncogenic. F u rth e r experim ents em ­
ploying cloned lines from these sources th a t  
consist of cells w ith only S antigen m ay 
serve to  clarify th is point.

T he dem onstration of llie  acquisition of 
oncogenicity by cells in cultures, com parable 
ns far ns was known in nil res|>ects except for 
exposure to v irus should Ire noted. I t  re ­
emphasizes the necessity for the  inclusion
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A jie 1 scientific c o m m u n i t y  is 

JL- breathing easier over an cvcnl 
that, a t  the time, seemed to be one 
of the most horrifying medical mis­
takes in history.

• I t  is now almost certain th a t a  
recently-discovered virus, unwitting­
ly  pu t' into hundreds of thousands, 
if not millions, of doses of early Salic 
vaccine, will not cause cancer in 
human beings.. But ' . r  a while the 
evidence pointed in 'th e  other direc­
tion. '

The virus, which has been the 
subject of much secret medical con­
cern, is known ns simian virus 40 
(S\M 0). W hen discovered in the 

i • _ kidney tissues of Rhesus monkeys,
. ' SV40 was considered a stray  or- 

•ganism, one of m any latent viruses 
that lurk about man and animal 

j ' \  without doing any damage. '
/  In  1961, came the frightening re-

port th a t SV40 could cause cancer 
,rr ” "<'when injected fn newborn hamsters. 
',■$£ Alarm gripped every public health.

man in 'th e  country. H undreds of 
•Vir£y *l]olJsan(ls of children had been in -  

-'feclcd with this virus since the Salk! 
vaccine was introduced in. 1955. 

^ ^ ■ .-C o n s id e ra b le  comfort, however,!

i • Ii . ■ -i

slcrs. Furtherm ore, t h e  d o s a g e  
needed to infect ham sters was much 
greater than  the children were like-, 
ly (o have gotten.

But the r e p o r t  touched off a  
flurry of research activ ity  on SV40 
and produced more disturbing find- 
in g s :..T h e  tumor-producing prop­
erty  of SV40 was not limited to the 
ham ster, it was discovered A rat 
species also came down with tumors.

In August, 1962, a leading in­
vestigator found the hamster could 
be infected as late in life as 22  days, 
a  period th a t corresponds mere 
closely to the age of younger chil­
dren who received most of the vac­
cine. T here  also was some evidence 
the SV virus could produce slight, 
non-canccrous infection in man, and 
when pu t in hum an tissue culture 
could cause some ceil changes sug­
gestive of tum or growth.

T his m eant a  definite study had 
to be m ade of the s ta t i s t ic s ^ -  the 
Salk-treatcd c h i l d r e n  themselves. 
The N ational Institu tes of H ealth  
undertook th a t analysis. I

Fortunately , a  tidy, built-in ex­
perim ental model existed because 
the early use of Salk vaccine was 
controlled. In  1 9 5 4 /Salk vaccine 
was field tested among 400,000 first- 

- ■ - ■ I •• ■ Dtembff
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, second; and th ird-grade childrcn~in 
i 44 states. In  1955, i t  was licensed 

as a  commercial p roduct and adm in­
istered to first and second graders in 
all states under a  free vaccination 
program by the N ational Founda­
tion. B y July , 1955, six m illion 
children had been inoculated.

The stored specim ens of the  vac­
cine lots were available in W ash ­
ington. T hey were analyzed for 
simian virus content and m atched 
against the death  rates in the vari- 

: ous states.
The results, p u b l i s h e d  in The 

Journal o] the American Medical 
Asiociation, were gratifying. T hey  
showed the m ortality! rates in can ­
cer have been no greater in the four 
years since 1955 than-in the fo u rb c- 
fore. •

_  There is a slight increase in leu­
kemia, bu t the sam e im rease is 
shown in sta tes receiving r.o SV40 
in the vaccine.

“ There- is no reason to suspect 
the slight increase in leukemia m or­
tality  ra tes is related  to SV-IO,” said 
the experts, D r. Joseph F . F rau- 
meni, J r . ,  medical officer, and D r. 
R obert W . M iller, chief of the epi­
demiology branch o f  the N ational. 
Cancer Institu te .
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T he comparisons w.ere made
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only
to  1959 because complete vital sta-

only available to thattistics are 
point.

Since the incubative period :of a  
potential cancer virus m ay be longer 
than 'four years,i continued surveil­
lance will be necessary. j 

I t  would be prem ature to jeon- 
d u d e  th a t SV40 is-halm less,- D r. 
Fraum eni says, b u t the lack of ef­
fect thus-fa r is highly encouraging.

SV40 also has been involved in 
the early  Sabin vaccine. I t  may be 
included in further study. Since its 
discovery, however, SV40 has been 
rigidly excluded- from both Sabin 
and Salk vaccines, i*

C om fort can also be drawn from 
an event in the 1950's when several 
million people were v a c c i n a t e d  
against yellow fever virus. j 

T h is virus was propagated on 
chick embryos. Y ears later i t  turned 
out th a t chickens harbor one or 
more viruses th a t produce cancer in  
chickens.. . j ; .... ' | ' j

T hese presum ably : w ent into the 
vaccine th a t treated millions of'peo­
ple, b u t there isj no .evidence of an, 
increase in cancer incidence in
group.

this;

—e\rtkur\J. Snider-
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/ K I  I ING EFFECT. The fallmg-oll m brightness tovvilru the 
• j*gin oh tin iliuniintttcd field, due to Ihe mutiliilion of the more 

k|iie bundles of light by the combined effects of diaphragm and 
;s aperture. This is a source of trouble in photographic objectives 
cn they are used at large apertures, or close to the limit pf their 
I)-illuminated fields.

VC ENT'S ANGINA. Ulcer.

SUGAR EEL (Ncmmoila). A minute roundworm, \iuiuilliilu 
irlunriv) aci’ti. found in the “ mother" of vinegar. It reaches a 
:lh of 2 millimeters. The worms have been found in other silua- 
is. including the human bladder.

S'VL CHLORIDE. Chlorine Organic*.

M O N  FIBERS. Filters.

*EK FISHES (Ostcichthyrs). Of the order /sos/nnu/Wi. family 
Miliitthmiiilac. viper fishes have a.> unattractive, snake-like appear- 
e. which is dramatized by their large fanglike teeth The three 

•eics all inhabit deep ocean waters, ranging from very cold to 
picul. The longest of these species attains a length of about 10 
lies. In catching its prey, the fish swims with its mouth wide open 
I upper fangs extended so as to spear the victim. Studies have 
>v\n that these fishes engage in vertical migrations, moving upward 
ne 1.5(H) feel til night, but not known to surface.

.'HR (Rcplilia. Satiriti). A poisonous snake with a pair of long 
ular fangs near the front of the upper jaw . Most species of vipers 
also characterized by the relatively short and thick body and the 
ad triangular head. The group includes the typical vipers of the 
I World and the pit vipers of North and South America, 
i he Old World vipers include a number of Asiatic. European, nnd 
ican species bearing the name viper and in addition the two 
eics known as the asp and eja. The Egyptian horned viper is 
nelimes known as the cerastes from the name of the genus to 

^ ^ l i  it belongs. The African puff-adder is a viper, named from its 
of inflating the body when disturbed. This name has unfor­

matted)' been borrowed for an entirely harmless snake of the eastern 
iled States, related to the hog-nosed snake. It is variously known 
he puffing or spreading adder or blowing viper. When disturbed it 
tens its body and makes an impressive bln 11. hut it is quite 
mless.
Tuny of the Old World vipers are dangerous. Their poison is 
ilar in nature lo lhal of the pit vipers.

(AL PNEUMONIA. Respiratory System.

(LO. Warbler.

(GA. Hydrometeors and Precipitation.

(GO. One of the earliest named constellations; the sixth sign of 
zodiac. References to Virgo are found in every known litei.uure 
are always connected in some manner with a maiden and the 

,est. Among the Fgyptians. Virgo was associated with Isis, who 
said to have formed the Milky Way by dropping innumerable 
at heads in the sky.
stronomically. the constellation is famous for the large cluster of 
vtes found in it. Sir William Herschel found no less than 325 

ixi es in this part of the sky. and more recent observations have 
.•d the number to more than 500. It also contains a large number 
.triable stars and the well-known bright star. Spica. (See map 
unp.iny ing entry on Constellations.)

(GO CLUSTER. A cluster of galaxies totaling more than 3<H)

• rs and occupying an area approximately 12 in diameter. 
>f the galaxies are spirals, a fact which may be due to the close 
utility of this cluster. The distance to the Virgo cluster is appro.xi- 
ely seven million light-years. See also Galaxies.

M l  AL OBJECT (Optics). Object (Real).

VIRTUAL TEMPERATURE OF AIK. Atmosphere (Earth). 

VIRTUAL WORK. Work (Virtual).

VIRUS. Viruses arc considered lo be the smallest infectious agents 
capable of replicating themselves in living cells. The majority 0f 
these extremely small infectious particles fall within a size range of 
about 0.02 0.25 micrometer and can only be visualized directly with 
the aid of an electron microscope^Thc precise mechanism of how a 
virus transfers its nucleic acid to the host cell, and how the normal 
function of the cell is directed toward the production of progeny 
remains obscure)Although extensive research continues, viruses po\e 
some of the most fundamental problems encountered in molecular 
biology. Until about the early IWOs. viruses were named for tL. 
diseases which they caused - thus mumps virus, measles virus 
influenza virus, yellow fever virus, smallpox virus, etc. It js 0n|v 
within relatively recent years that large quantities of several of d i­
vinises can be obtained in vitro in cell cultures. Belter methods of 
virus purification have enabled investigators lo carry out chemical 
tests which were hitherto impossible. Many of the biological tests for 
viruses, such as complement fixation, hemagglutination, or cvu»- 
putlue changes in cell cultures and serum-v irus neutralization tesis in 
cell cultures or animals, tire extremely sensitive, and these methods 
are used routinely for viral identification. There are a few viruses 
however, whose identification depends upon biochemical tests, and 
still others for which biochemical tests in conjunction with biological 
lesis aie useful aids for identification. Progress has been made in the 
classification of viruses beyond simply associating them with the 
names of the diseases which they cause.

Viruses studied in detail have a core of nucleic acid surrounded In 
a protein coal or coats. The viral nucleic acids are of two types, ribose 
(RN'A) or deoxyribo.se (DNA). They represent the genetic material 
necessary for the replication of intact virus progeny. Nucleic acid 
extracted from purified virus using phenol or dodecy I sulfate is casilv 
destroyed by the homologous nucleases which are present in norma! 
sera or tissues. DNA is destroyed bv the enzyme deoxyribonuclease 
and RN'A hy ribonuclease. and this is one means of identifying the 
type ol nucleic acid. The intact virus is not affected by these enzyme- 

Without a protein coat, the nucleic acid is ordinarily incapable o( 
entering a cell. Entry can be accomplished by washing the cells to 
remove any serum and hy pretreating the warmed cells with hyper­
tonic salt solution. On entry into the cell, the viral nucleic acts! 
induces the synthesis of a new protein coat front the host mateiu! 
Some viral nucleic acids are capable of replicating at least one vim- 
cycle in hosts which do not permit replication by the whole virus 
Poliovirus nucleic acid has been known to give rise to whole virus », 
embryonic chick cells, a host which is not susceptible to infection 
with poliovuus; polyoma virus nucleic acid has produced whole 
virus in Ii. stil'tiliy a bacterium. In gcueial. the DNA viruses multiply 
in the nucleus of the host cell and RNA viruses in the cytoplasm 
Sonic of the RNA viruses appear to emerge as buds from the cel! 
membrane as seen in the electron microscope.

The nucleic acids and the proteins which they control exist in ar 
orderly fashion. In ihe RNA viruses, the nucleic acid may be in either 
a cubical or a helical form: the DNA viral nucleic acids occur only i: 
a cubical form. The cubical nucleic acids are enclosed in a container 
or caps id made up of similar protein subunits or capsomers in a s -  
nilluic .may. usually -is an icosahedron, Certain groups of viruses 
are consistent in that they are the same size, and the number jn* 
arrangement of the capsomers are the same. In some of the K M  
viruses the nucleic acid is arranged as a double- or single-hehs.o 
siiuciure surrounded by protein subunits. The combination ot 
nucleic acid and protein may constitute the whole v irus. or there m.o 
be additional outer membranes which contain lipids. Viruses whuf 
have lipid membranes can usually he inactivated by ether, cholor** 
form or bile salts 

The two gioups of viruses RNA and DNA are further divided 
according to m z c .  morphology, and biological and chemical ptojv: 
ties Thus the cubical RNA viruses which are ether stable are do i-le-' 
into the picoriiaviruses and the reoviruso. The name picornuvuu* 
conies from "pieo" meaning "very siuall"and "rna"  indicating it*-- 
type of nuclck acid. Included in the gioup are the enteroviruses 
polio. Ci'xsackie. and foot-aiul-moulh. etc. The reoviruse- cju*» 
innppuicm infection in humans anil other animals, and then rclan-,J



To spontaneous disease is uncertain. They arc morphologically 
•iilar to (he wound-tumour virus of clover, and a small cross 

Jviivitv with this virus by means or complement fixation has been 
eported,

I he arboviruses arc those which undergo a biological cycle in both 
athropods and vertebrate hosts. Not all of these virusesJiave been 
t'idled for fundamental chemical characteristics. Those which have 
ecu studied were found to be cubical RNA viruses, sensitive to the 
.etion of ether and relatively unstable, 

llie myxoviruses and rabies arc examples of RNA helical viruses. 
Inch contain an outer, etherlabile. lipid-containing membrane. The 
tywniruscs include the influenza, parainlluen/a. mumps, ncvvcasilc. 
mi,in SV5 and SVI I, and possibly also measles, rinderpest and dog 
. temper viruses. Most of the myxoviruses have an affinity for 
nuns They adhere to the surface of crthyrocytcs causing them to 

jghitinate. and the substance responsible for the adhesion is neura- 
inic acid. Adsorption to the cell surface is inhibited by niuco- 
oteins which are present in sera and other biological lluids. I ihriu 
.■.'.lit produces an enzyme known as receptor destroying enzyme 
1)1:). which when added to erythrocytes prior to adding virus, 

luhits cell attachment and prevents hemagglutination. Less is 
owji about the biochemical aspects of measles, dog distemper, 
tderpest or rabieFvTrusesl
Inlormation is lacking concerning the.syuunelty-ola.htrgc number 
KN \  ether-sensitive oncogenic viruses. The fowl leucosis. murine 
ikcmia and mouse mammary carcinom. viru es make up this
-up
VI "| the know n DNA viruses have cubical symmetry. Two groups 
.ich are ether stable are the papovaviruses and the adenoviruses, 
ere are also two groups of DNA viruses which arc generally ether 
sttive: the herpes viruses and the pox viruses. All of the herpes 
u>es are ether labile, but ether stability varies within the pox virus 
up See also Recombinant DNA.

Die chemical nalure-of many viruses, which cither do not grow 
I «ir do not lend themselves to purification..is unknown. The Riley 

dehydrogenase virus is a nonpathogonic virus which is 
Hia/ed only by an increase in lactic dehydrogenase in the blood 
mlected mice. A lipov irus described by Chang causes marked 
radation of infected cells and releases a lypogenic toxin disso- 
Me from infecliviiy, which is capable of inducing fatty dcgcnera- 
i m other uninfected cells. A marked increase in the 
m.iglobulin fraction of blood serum of mink infected with \leu- 
mink disease is an indication of infection with a virus which 

•c» a color change in the fur and often sickness and death, 
lie e11e111icaI cluiracteri:ajcs of viruses are not only an aid in their 
iliv.itioa.au; j identification huLare ajso useful in understanding 
.itnre of known viral orviral-induced host antigens and possibly 

control of disease, The adenoviruses, for example, contain at 
ihrce prbtein moieties, and certain types are capable of inducing 

■ >r more new host antigens--the chemistry of which is unknown 
cscni. The viral proteins can be separated by gel diffusion and 

.•I,iled with complement fixation. One moiety is the toxic protein 
!i causes the host cell to degenerate; another corresponds to the 
p antigen common toall the 31 types of adenoviruses: the third 
.• ivpe specific protein.
lumber of viruses induce the host cell to elaborate a substance 
n as interferon which will inhibit the growth of many viruses in 
of the same species but not in cells from other animal species, 
lei 'iis produced by an inlluen/a virus and also a herpes virus 
liotli active against the vesicular stomatitis virus. They both 
d to he proteins of low molecular weight, trypsin sensitive, and 
.it a temperature of 70 C and over a wide range of pH ( I II). 

n:u I irus. Many virus diseases, in essence, have been con­
st or well controlled without the need really to understand the 
.itc mechanics of the virus. If malaria, for example, can be con- 

the eradication of mosquitos, if yellow fever, smallpox. 
‘S t  ilus, ai d pieasles can he controlled by isolation of the virus 

ilie production of vaccines, there docs not exist an immediate 
i" solve tlicproblcm at the level of molecular biology. I low ever, 
iiitcd out later, the relationship between what have appeared to 
mtiollahle viruses and later appearance of serious diseases by 
I a v/.m' ririts series of cvenj_s. may, point to the fact that a person 

emig from "measles, mumps, etc.. may have only partially con- 
tl the devastation of the virus and sutler some vears later from

Virus 2285
«£ in w c c k a p n ^ .

conditions provoked by an earlier virus infection.
In contrast with the aforementioned common virus diseases, it 

appears that the solution to the problem of periodic pandemics of 
inlltienza may come only front a much better understanding of the 
virus forms which cause the disease. The persistence of inlluenza 
appears to derive front a unique genetic plasticity, allowing the viral 
agent to undergo at least two kinds of antigenic shift. There is the 
frequent shift, occurring once about every year or so which appears 
to stem front minor mutations, thus providing the new variant with 
an increased lesistance to prevailing antibodies. And there is the less 
frequent (once in l<> to II years) antigenic shift that, unfortunately, 
overcomes all prior immunities Over 51) million cases of inlluenza in 
the United States were reported dur ing the 1968-1%') winter. These 
cases were attributed to a hitherto unknown variant, lirst isolated in 
Hong Kong (hence Hong Kong "flu ’)• Some 20.000 and possibly as 
many as 80.000 deaths resulted from this inlluenza invasion and the 
s i d e  effects which it produced. In the 1972-1973 winter season, a 
much milder and minor variant, called the London ” llu.” caused well 
over 2.000 deaths in the I Titled States, particularly from side effects, 
mainly pneumonia. When combined with inlluenza. pneumonia is 
the fifth most serious public health problem in the United States. In 
terms of absenteeism, it is the number one problem In the inlluenza 
pandemic of the winter of 1917 1918. over 20 million persons died 
worldwide, with better than one-half million fatal cases in the United 
States.

Mwuririis mllui-nzac is the agent of inlluenza. of which there are 
thtee antigenic types. A. II. and C'. The lirst two types occur 
frequently. Only type A has been found to be capable of producing 
pandemics. It is presumed that the B virus has a reduced ability to 
undergo gross antigenic mutations: and that the C' virus has no such 
capability. Hie inlluenza A virus is identified as a mcdium-size RNA 
virus, some 110 nanometers in diameter and delimited by a 
membrane. The latter is composed of lipids and polysaccharides 
derived from the host cell and virus-specific protein. Five distinct 
proteins have been identified, three of which are inside the virion 
(part of virus circumscribed by lipid membrane). A schematic dia­
gram of the inlluenza virus emerging from a cell is given in the 
accompanying figure.

Hemjcjglutmin % 3 J 4 s > /

Neuraminidase
Spikes

Membrane Proiein

pid Membrane

Cell Membrane
RNA Nucleocapsids

Schematic representation of an mlUieii/a urns emerging from a cell. [After 
h llb tm riw )

Il has been reported that the antigenic shifts are manifested in 
hemagglutinin and neuraminidase, two glycoproteins found on the 
surface of the inlluenza virion. It is suggested that the hemaglutinin 
binds the virus to the target cell and when the hemagglutinin function 
is inhibited (as by an antibody), the virus is no longer effective. It is 
believed that the neuraminidase cleaves a glyeosidie bond in the host 
cell membrane I his action frees the new ly formed virus from Ihe cell. 
It is believed that this action, if inhibited, will not reduce the tnfectiv- 
ity of the v ii us. but will deter the spread of virus particles lo other 
cells.

Hie abrupt emergence of new inlluenza subtypes appears lo he too 
marked to be explained lullv by conventional concepts of mutation. 
Il is believed that (be explanation rests in the very nature of the viral 
genome It has been postulated that if a host cell is infected by two 
different subtypes of inlUicivn virus ui the same lime, the genes from 
the subtypes may uiuleigo a random reassortment in the cell, result­
ing not only in production of the two original stiblvpes. hut of one or



' /<tral subtypes as well. Each hybrid, of course, will haven different. 
'y u t full set of genes and recombination within the infected host can 

/exp la in  the large mutat^ns which occur about once every decade. 
/  However, il is well established that only one influenza subtype can 

exist in humans al any given time. Thus, the question of a host in 
which such recombinations can take place? It has been found, for 
example, that ihe emergence of a new subtype, such as the Hong 
Kong strain, will be accompanied by the abrupt disappearance of the 
antecedent subtype—thus indicating little if any opportunity for re­
combinations to occur within human cells. Of considerable interest, 
however, is the fact that several virus strains can exist simultaneously 
within various animal hosts. In animals, the appearance of a new 
inlluenza virus strain is not necessarily accompanied by the disap­
pearance of previously recognized strains. It has been established 
that there arc at least two discrete subtypes of equine inlluenza. eight 
or more avian strains, and a couple subtypes in swine. Thu s ,  ihe 
postulation of recombination occurring within animals which share 
the general environs with humans. Some evidence of this may derive 
horn the fact Ihat most new subtypes appear to originate in Asia, 
where animals and humans commonly inhabit the same buildings 

Influenza vaccines produced to date are based upon killed viruses. 
Some authorities believe that attenuated live viruses could be more 
effective in creating immunity as well as causing fewer undesirable 
side effects. However, a major problem in connection with inlluenza 
vaccines has been the short time allowed for the production of a new 
vaccine upon the emergence of a new inlluenza variant. Vaccines 
made with live viruses have been used in the I '  S.S.R. for many years. 
They have not been licensed in the United States out of fear of over- 
or underallenualion of the virus. Although the vaccine problems 
have been largely overcome for other diseases, they have no! been 
solved for the influenza virus because of the almost continual appear­
ance of new variants and the need to continuously change the vaccine 
formulations.

Among several interesting proposals in recent years, the concept 
proposed by St. Groth and under study by C". Hannoun and asso­
ciates at the Pasteur Institute in Paris, is of particular note This 
concept, in essence, involves forcing a recent variant of influenza, 
such as the A j subtype, to undergo mutations al an aeceleraled rale 
under laboratory conditions until an end point in the evolution of the 
subtype is reached. It is interesting to no.e that discovery of the 
London influenza variant, first isolated in 1972. vvas antigenically 
similu. to the first mutant that Hannoun and associates had 
"artificially" produced in the laboratory a year earlier. Hy gaining a 
year or more on the natural processes of creating mutants, possibly 
by way of animal source channels, vaccines could he produced well in 
advance of the appearance of the mutated virus.

C \ium t’yt)lovirus. Surpassing rubella virus, this is the most com­
mon viral cause of mental retardation. It has been estimated 
(hue-1975) that cytomegalovirus (CMY) causes serious mental re­
tardation of one of every LOW) infants, or more than 3.1HK) infants 
annually in (he United Slates. Immunosiippresscd patients, such as 
those sulTering from cancer, organ transplants, etc.. also are pione 
to infection with CMV. In addition to mental retardation, the disease 
in infants may cause blindness and deafness. In about 90 percent or 
the infants, affected by CMV. the disease can be detected only 
through examination of the urine. In about 10 percent of the eases, 
the disease is typified by enlargement of the spleen and liver, blood 
abnormalities, and hepatitis. Microcephaly (abnormally small head) 
is also sometimes an indication CMY causes enlargement of ihe 
affected cells (cyiomevaly). The disease is found throughout the 
world. Investigators believe that congenital infections are the resiiii 
of the mother having a primary infection sometime during preg­
nancy. Investigators believe Ihat CMY. like herpesviruses, pcrsisi in 
a latent stage for long spans of time.

Slow Viruses. During the last decade or two. there has been meieas- 
ing speculation and some tentative evidence that so-called s/<m i i r - 
i/m’.v may he operative and may he the uiulerly ing causes of a number 
of degenerative diseases, long poorly understood, such as multiple 
sclerosis and rheumatoid arihritis. among others More recently, 
there have been increasing postulations of an association between 
viruses and diabetes. In fact, rather positive identification of slow 
viruses with some rare diseases ha. been established. Most investiga­
tors caution that the term "slow” should not necessaiily he fully 
interpreted in terms of a virus per >e. but equally if not completely

with the manifestations of the virus. So-called slow virus infect' 
arc characterized by a long incubation period, followed by a '0n* 
traded course of disease. The slow ness may arise in some cases 1̂ °*  
the vims itself, but the slow pace also may be the result ofwcakri>m 
prolonged interactions between the virus and the host’s imm U' 
system. It is also possible that these characterizations of slown^ 
may not he attributable to viruses at all. hut to some other unknow* 
causative factors. Obviously as of this juncture, investigators arc f 1° 
lowing a source of suspicion rather than a chain of hard cvidcn° 
Nevertheless, the case for the slow viruses is becoming increasm t 
conv mcing The causative agents for at least four rare diseases, two " 
humans and two in animals, are sometimes referred lo as" uncomely 
tional viruses.”

One ol these diseases in humans is Aunt, encountered only in (ht 
h u e  people and their neighbors in New Guinea. The disease for 
many years wa. considered a genetic disease. However, it has beer 
established that the disease can be transmitted to chimpanzees hv 
injection ol extract.-, from the brains of human kuru victims into ih<- 
brains of chimpanzees. Kuril i. a neurological disease with brjir 
lesions located mainly in the gray matter. The cerebral cortex take, 
on a spongy appearance. The other human disease is C’reut/fcl' 
Jakob disease, rare hut of worldwide distribution. It involve, th 
premature development of the mental deterioration sometimes seer, 
m old age. It also has been establish''.! '.hat il is caused by a transmi. 
sihle agent lhal can infect chimpanzees end lower primates One o' 
the animal diseases referred I. - smpic. known for over two ccniuiK 
as a fatal disease among sheep. The other animal disease is iramn.. 
sib/e ntiiik i mcplnil(>ihiili\. lirst discovered m Wisconsin in ihe Uir 
1940s A puzzling aspect of Ihe unconventional slow v iruses is the fa.: 
lhal they cannot he observed with an electron microscope. Another 
puzzling aspect is their app.nem lack of antigen.city. To date, it ha. 
not been po.sible to demonstrate that any of these four "agents" »|j; 
evoke production of antibodies. These unconventional slow viru-*. 
are not destroyed by ultraviolet radiation, and they are highly resist- 
ant to treatment with formalin or heat, bui infeciivity is destroyed b> 
phenol or ether. Some investigators believe that these agents nu-. 
incorporate a very small nucleus of the size range of the viroid* 
(sclf-rcp'icaling infectious UNA molecules known lo produce certaii 
plant diseases)

Two slow infections of the human central nervous system 
pro.in wire imillilncol Ifikoeihi'phalopalln (PML) and sahai'iitc se lf  
usiiuj punennplhilliis (SSI’F) arc thought to be associated with 
conventional viruses Mtlcuigh I’ML does not cause inflammation of 
the brain, il does produce demyelinalion. i.e.. destruction of the layer, 
of membranes surrounding nerve axons. Some investigators believe 
lhai llie virus i. a papov.tvirus (group of small.viruses.Jncluding 
human wart virus, simian virus 40. and thepQlyiiuu-uirusxifnua-) Ii 
is reasoned that in PM I. the v irus destroys the cells needed for forma­
tion and maintenance of the myelin sheath. A conventional virus ha. 
been isolated from the brains of persons suffering from SSPL An 
association between measles (occurring in patients under two year, 
of age) and later development of SSPE (approximately within so 
years) has been shown by one study.

Slow viruses are becoming increasingly suspect in the instances of 
much more common diseases, particularly the autoimmune disease. 
An autoimmune disea.e may be defined as a disease wherein the 
immune system of the body does not direct its attack on an invading 
foreign substance, but instead at the body's own tissue. Many author­
ities consider rheumatoid arthritis and multiple sclerosis as auioim 
mime disea.es. The precise causes of these diseases have remained 
obscure. Multiple sclerosis is a dcntyelinaling disease and ha. vai 
lously 1 cii described as an autoimmune disease, a viral disease, or an 
autoimmune disease provoked hy a virus. Epidemiological siuJie- 
indicate that from 3 lo 23 years may elapse between the time ol 
exposure to the virus and the onset of symptoms. Further evidence 
points t.t involvement of a mvxovirus. Measles virus is of this kind

/*..s . i / i / i  I mil Coiiiiidinn in Ditibeics. A Norwegian physician (J 
Slang) in Iv>4 noted ihat diabetes developed in one of his patient* 
within a short period after a mumps infection and was probably die 
lirst person to indicate a possible connection between viruses and 
diabetes. Over the years, numerous other connections have been al 
tempted to relate diabetes with mumps, hepatitis, rubella, coxsacku 
and inlluenza viruses, adenoviruses, enteroviruses, and cyloniegulo 
viius One of tlie presumptions made is that viruses are undetstood
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to replicate in the pancreas. Commencing in the late 1950s. more 
substantive evidence has been given. Reports from Sweden in 1958 
link juvenile diabetes with mumps infection. Reports from New York 
State in 1974 relate closely the cycles of incidence of mumps and 
those of juvenile diabetes. The study was based upon investigation of 
records for the period 1946-1971. Tentative conclusions indicate an 
average lag period of about 3.8 years between onset of diabetes and 
exposure to mumps and it is reasoned that this represents the time 
required for the virus to produce permanent damage to the pancreas. 
Other investigators have statistically linked diabetes to rubella 
(German measles). Some authorities suggest that the pancreas, along 
with other embryonic organs, may be damaged hy the virus that 
causes congenital rubella. The records of nearly 3.0(H) juvenile dia­
betics treated at King's College Hospital in London (195' 190S i have 
been studied and reveal a seasonal pattern to the onset of juvenile 
diabetes, striking a low incidence in June and a high incidence in 
October. Without presenting the details, conclusions are suggested 
that an association of viral infections with the juvenile form of dia­
betes is evident. However, the relationship, if any. has not been 
determined in the case of the maturity-onset form of diabetes.

Pluit/e. Bacteriophages are viruses that invade bacterial cells and 
are replicated within the bacterial cells. The presence of phage n live 
virus vaccines has precipitated concern among some authorities. It 
lias been established that phage are introduced into vaccines when 
viruses for the vaccines are grown in tissue culture. To eliminate these 
phage, vaccine producers would have to use only stcrilely collected 
serum. This, o f course, is difficult and costly. There is far from lull 
agreement that phage-contaminated vaccines are harmful to humans. 
Some situations, however, have been postulated. Some human 
diseases, such as scarlet fever and diphtheria are caused indirectly by 
bacteria, i.e.. by bacteria that are infected with phage, the human 
disease resulting from toxins produced by the bacteria as a result of 
their virus infection. It is theorized that an individual might take an 
oral polio virus vaccine that vvas contaminated with phage that in­
fects corynebacteria and thus cause them to secrete diphtheria toxin, 
Thu;, if the intestinal bacteria included susceptible corynebacteria. 
that person could contract diphtheria. Another effect of phage is that 
they can transmit genes to human cells in tissue culture. Phage can 
carry a specific gene lacking in human cells. If exposed to such phage, 
the human cells would start to synthesize the protein coded by that 
gene. It has been suggested that it is m the realm of possibility for 
phage to transmit genes to human cells and thus cause cancel or 
degenerative diseases in humans.

A link between viruses and cancer has been debated for a number 
of vears. Sec also Cancer.
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V IR l  S IN S E C T IC ID E S . Insi-cl C o n tro l and Insecticides.

M S H R E A K I N G .  P e tro leum .

V IS C A C H A . R odentia.

VISCERA. Organs lying more or less freely in the cavities of the 
body. Usually applied to the heart and lungs as thoracic viscera and 
to the stomach, intestines, spleen, liver and pancreas, and some of the 
reproductive organs as abdominal viscera.

VISCERAL ARCH. The column of tissues persisting between adja­
cent gill s l i t s  in the wall of the vertebrate phary nx. The arch is lined 
with eudodetmal tissue and covered outside with ectodermal. It con­
tains a bony or cartilaginous support belonging to the visceral 
skeleton and an aortic arch. In the fishes the gills are supported by 
these arches. See also Fishes.

5 ISCERAI. MASS. \  compact mass of tissue containing some of 
the internal organs of the mollusks. It forms the main part o f ;he 
hodx

VISCOELASTICITY. Mechanical behavior of material which ex­
hibits viscous and delayed elastic response to stress in addition to 
instantaneous elasticity. Such properties can he considered to be 
associated with rate effects time derivatives of arbitrary order of 
both stress and strain appearing in the constitutive equation—or 
hereditary or memory influences which include the history o f the 
stress and strain variation from the undisturbed state.

V ISCOSITY. A property of fluids which appears as a dissipative 
resistance to flow. A solid which is subjected to external forces can 
attain a condition of elastic equilibrium with elastic stresses balanc­
ing the applied forces. A fluid subject to external forces can be in 
static equilibrium only if the forces are derivable from a potential 
function and the usual result is steady flow resisted by viscous 
stresses set up by distortion of fluid elements. The mechanism and 
nature of the viscous effect may be very different in gases and in 
liquids.

In a gas. viscous stresses arise from migration of molecules 
which carry with them momentum relative to their starting- 
points. To the extent that the gas may be treated as a continuous 
fluid, i.e.. on scales large compared with the mean free path and for 
time intervals large compared with the collision frequency. Newton’s 
law of fluid friction is obeyed. The elementary form of the law is that, 
in simple shearing motion, the shear stress is proportional to the rate 
of shear. More generally, the stress tensor p„ is linearly related to the 
rate of deformation tensor

ni,
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the  m ercu ry  c o n ta m ta m c n  already p rese n t In  th e  
b o tto m , b u t  w ould  alao p r t t t m  i n y  p io b h m a  
**aoctiled w ith  w d jm ent r u g n t to r a .  T h e  <L*- 
l i n r j i f t t  a re  th e  c o i l ,  0 *  perm anence  o f  th e  
p ta ilie  aea l, t n J  the  unknow n  in c u U ry  t c c J o p a l  

e ffec ts i h i t  w ou ld  m u l l  fo rm  th r  d c u r u c t io a  o f  
the  b e n th ic  • c o t / l i e n .

S . R em ove  th e  m ercury  c o e U o u n i& o a  by  
t o jJ p a u u r j II w ith l io m m u a  o r  o th e r  tc tn t 

m ru h " ' -  T h u  m ethod  involves a d d in g  
r.’x T jn x n  o r  t o n e  e th e r  n t t a l  wfas'-h will ac tiv e ly  
m e t  w ith  m n c v ry  to  fo rm  u t  am algam  and  
the reby  rem o v e  it  from  th t  M o fo p u l m e th y  la u o o  
cycle . T he prim ary  disadvantage o f  ih u  p ro p o sa l a  
Lhal I t a d d i  a n o th e r  m rta J lo  the  a q u tu c  «co- 
l y t t rm .  w h ilr  th r  u nknow n  param eters  o f  that 
p fo p u u l  u t  i u  coal and  th r  pcanbV# eco lo g ic a l 
fiim ege f ro m  Ih i  in u o d u c tio a  o f  lh a  a m a lp -  
m ating  m r u l .

7 J JXr l r r r o * n * " U l H m r y  A o tir n

9  D c c o a t if f u u r io o  o f  t t r a r a  u f  h k a  
Ifcrocgfc th r  u w  o f  c U rw  lo  "beei o p a S y  m ine"  
th r  m ercu ry  c o a u e u n a u " 1 -  U nder th o  
p ro p o aa l. d a m e  w ou ld  be t i e d  to  rem ove the 
m e rc u ry  c o rta rro n a tio n  b to lo p c aS y  f ro m  an 
a q u a tic  c co a y tirm . T h r  p e a t  a d n r . u p r  o f  lh a  
m r th o d  o f  m e rc u ry  rem ova l u  th a t it  w o u ld  u m  
th r  le a j t  e c d e p c a l  dam age  to  th r  aquatic  env iron  
m r a t .  A m ong th e  d a a d r a c u g n .  th e  po ta ib ibry  
r x u u  th a t  m e rc u ry  c o r u r u n a u o r .  m ig h t m a c a w  
b ecause  th r  d a m s  d u tu r o  th e  b o tto m  le d u n rc ta . 
A lso , th e  effec tiveness o f  th u  m e th o d  m u tt  b t  
q u e s tio n e d . F o r r u m p l e .  anumm-g th a t darrw 
cou ld  co n ce n tra te  a i  m u c h  u  20  ppm  o f  m ercu ry  
l a  th c u  f ir th ,  th e  harvesting  o f  each  m illion  
p o u n d i o f  clam s w o u ld  rrwu.li in  th e  rem oval o f  
o n ly  2 0  lb o f  m r ic u ry  from  lh a l aq u atic  
r . o m i f r a  M o f« o » r .  o n e r  t h r  d a m  h a re  t e r n  
h a rv ested . they  w ould  r t p r t i r n t  r  coaily  scbd 
wwiic d u p w a i p rob lem .

I

C h a p te r  V III

E P I D E M I O L O G Y  A N D  T O X I C O L O G Y  O F  M E R C U R Y

Sum m ary
D u n r . | Ihe  ta i l  tw o  c r n tu n e t  i n  e stim a te d  1.8 0 0  to  ZJXXj  ind iv iduals  h a re  be en  

prxweved by u m r  f o rm  o f  m e ic u ry  w ith  an  e stim a te d  120  to  I SO d e a th s  A m ong t h r t r  
f t x to r u r p  th e  n u m b e r  a t t r ib u te d  lo  o rp rn o m rrc v n a lt  a  e stim a ted  a t b e tw ee n  7 0 0  and  
100  people, in c lu d in g  over 125 d e i ih a . F u r th e m t e r .  th r  w t_ n y jo r t i y  o f  t h r  .  « •  .
o rp n o tn e r c u n ti  p m to n i r g t  a i r  d u e  to  alky  b i n  cu rta il su c h  as m e th y l o r  n b y lm rrc v ify . U  / j
T he po te n cy ’ o f  (h e  a ll ry lm e fr tr t i !*  a a 'p in s o n i  t s 'r i f i c c te d  b i t h r  /a c t th a t  iK ey‘ w eie"“  1/
r tip o n n b le  for th e  d is a s te rs  w h ic h  o c cu rre d  i t  M u w n u ta . Jap an  (1 9 5 3  -  1959). N iiga ta ,
Japan ( |9 e - L |9 t 5 ) .  I ta q  ( |9 $ b a n d  |9 6 0 k  P a k u u n ( 1 9 6 1 ) .G uatem ala  ( 1 9 6 4 .1 9 6 5 ) .an d  
th r  U S  (1 9 6 9 -1 9 7 0 1  A lk y lm rrcu r ta il  a f f is t t td  a b o u t  7 0 0  indiv iduals a n d  caused  a b c u l 
120 deaiha- T h e re fo re , w h ile  U t t  im f O f t |n l_ tp  ic c o g n u e  th i t  a ll fo rm a o f  m erpuo r arc 
|w*werful po*v«ni. th e  a ? l» T m r :ru n i3 i a r t  m any  tim es m o re  r f f c c u » t  p o iso n s  th a n  e ith er 
the inorganic re  a r j lm e r c u n a J t  _

f ro m  a in iK o J o p c a J  ja » m * o f  n r * ,  th e  p h a m iac o lo p c a l K t m t y  o f  u v o rp iu c  a n d  
o rganic f m r a  o f  m c rc u rv  d ffrrw g ir a i ly .  «wt on ly  in  th e  r a t r n l  t o  w h ich  th e y  arc 
ib u e b e d  by  the  b o d y  b u t  a l to  in  th e  d t p r t  o f  in ju ry  they  w f l c l  o n  th e  b o d y .
F u r th r im o ic . i t  a p p e a n  th a t th e  d n tn b u l to n  o f  « u io u t  lo rm i o f  m e icu ry  in  an im al 
iiu o c i  u  a fu n c liu n  o f  ih e  m e u b o l t :  p«c< eti ttf  ih e  a n u ru l I f  a ll f a c to r !  w ere e q u a l, the  
rrtilrv c  c o n c c n ira iw n t  o f  i r m f a n ic .  a ry l and  a lk y F iy p e  m ric u ry  cnm pw und t in  t h t  
b lood , b u m .  k id n e y , a n d  l»r«r i i u u r  w o u ld  b* p i t t e n i  »n th r  foUow ing d c c l ir j r g  o rder

a lk y l >  a ry l >  ino rgan ic .

w hile ihe  c o rw r n tia i io n i  o f  in o rg m ic . a ry l, and  a lay lm e tc u ry  fo u n d  in  Ih e  d i f f r i r n i  « p i  

lu tu r t  a i r  p r e « n i  in  ih e  f l o w i n g  declin ing  order

k idney >  b « tr  >  H o o d  >  b ra in

I m r p r u c  fo im t o f  m e rc u ry  ta k e n  o ra lly  are  n o t a b w e tx d  » rry  q u ic k ly  by th r  b o d y .
A nd once  a b to * b ed . a p p ro a im a tc ly  5 0 1  o f  th e  m e rc u ry  a  t ra n s p o rte d  by  th e  b lo o d  
p n m *  a n d  it  i t  q u ic k ly  c t c i r i r d  in  ih e  urine  in  ih i t  Inem  _ C o n » n te l>. Ihe  o ig tm c  
m ercury c o m p o u n d !, e tp cc ia l ly  ih r  a lk y l 'n e r c u iu l t .  a ie  m ore  lo u c  th a n  ihe  o th e r  k in d t  
o f  m ercu ry  c o r r p o u n d t  be ca u te  th e  h u m in  body a b v r b t  m ore  and  e x c t r t t t  le u  o f  th e m .
T h e irfo ie . I t r p tr  a m o u n it  o f  th e  M p n o m e r c u r u l t  a re  a to te d  u t th e  r a n o u t  tita u e i o f  th r  
b ody . In  a d d itio n , a lk y lm e ic u n a lt.  tu c h  a t  m e th y lm e rcu ry . e au ly  p a u  th e  b lo o d -b ia m  
barrier l o  a c c u m u la te  in  I h r  b u m  w b e ie  i h ty  d o t  to y  aeU citd  b ra in  c e lh  and  th e re b y  
produce  th r  tp c c if ic  a y m p to m i a tw < ia led  w ith  a ik y lr re tc u n a l pitM ining . A lk y lm e ic u n a lt 
a lt.i p a n  e a u ly  a c r o t t  th e  p la ce n ta l ba rrie r  u u u n g  m e icu ry  l o t l t  in  th e  f n a l  red  b lo o d  
e d i t  l a  be 2 0  lo  3 0 1  h ig h er th a n  th e  m o th e r '!  red  b lo < d  cell* It h a t b e e n  e tu b l a h e d  lh a l 
ihe d o t lo ju f tg  f e ta l ner>e l iu u e  u  very t e n u i r *  lo  the  d c t i r u c to e  c ff rc l*  o f  
•Iky lm ercu iia ii a n d  c o n g e m u l n e u ro lo p c a l d am ip e  l u i  be en  rep o rie d  in  hum an  fc iu i c t  a t 
I n e l i  lh a l ha*e n o l p ro d u c e d  a lk y lm e rc iry  jw ito n tn g  ly r rp lo m s  in  th e  m o ihe i

T here fo re , i l  a p p ra ra  lh a l  m o ip r u c  o r  a iy lm e tcu r ta la  pi ae n o  rea l t h i e i l  in  m an  o r  O n 
c n ttio n m e n l d ire c tly .  H o w ev e r, u n c e  a lm o tl any  fm m  o f  m e icu ry  e n te r in g  ih e  a q u a tic  
e n riro n m m i can  b e  b i tr lo p u U y  c o n v e n e d  lo  m e lh y Im n c u ry .  II m ay  u ltim ate ly  becom e 
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EPIDEMIOLOGY OF MERCURY
W hile the cum ula tive poisonous i f f r c i s  o f  

m ercu ry  Haw b rv a  kn ow n  foe centuries, i l  * u  rvoi 
u n t il 15 5 ?  lh a l Jean  F tm t l p rcmdad the fu n  
i io cn p» io o  o f  In du str ia l m ercury p o ison ing* By 
the end  o f  live 1 6 th  ce n tu ry . m crcuru ltxm  
a iso cu ied  •<U> eh* d n n s b t r  m ines i t  A Jmadcn*** 
• a d  Id r t i* * *  p rom p ted  th e  Spanish and A m m an  
governments l o  g rant Use m tnen  shorter w cvk irg  
h oy  a  «od longer o c i t i o n i

O n * o f  Ih *  Tint re co rded  and a must unusua l 
m iss m ercury in to x ica tio n  oc cu rrrJ  at Id n a . 
Austria lo  ISO*. A l a  rc tu lt o f  a A it in  a lo c a l 
m ercu ry  a u n t ,1 * 4 9 0 0  Inhabitants w ho were 
exposed  to  rn a c u ry  vapors in  ih * n r  developed 
m ercuria l u em o ri . Bendes the p eop le . cow s and 
o the r domestic an im als showed sim ilar sym p io rm  
l a  I B IO . sn o ih r r  e i  in o rd in a r y  w ho lesale 
p o ik x . i r j  b y m cu lt ic  m ercu ry  vapor o c *u ir rd  o n  
the B n iu h  i lo o p  T n xm ph . A fte r the * ts** l 
s a in t e d  a cargo o f  m ercu ry  from  a  d isab led 
Span ish sh ip , the m e rcu ry  seeped in to  the h o ld  
and  bilges o f  the T fcumph. The m e icu ry  vapors 
th at escaped k illed  3 sa ilo rs and severe ly poisoned  
2 0 0  others.* **

la  the U . S . the first kn ow n  ou tb reak o f  
m ercuru liam  occurred  in  New je rsey  in  l * # 0 .  T h u  
incident was traced t o  th e  uae o f  c in o te d  fu r  th at 
c o a u in c d  excessive am oun ts o f  m e rcu ry .* • *  In  
1 8 9 1 . A d le r* * *  g ive  a c lin ic a l descrip tion  o f  
ch rom e m n c u iu lu ra  tn five lu n u n  ru le s .  W ith in  
lh e  te ll m anufactunng in du s try , ch rom e m ercu ry  
poisotung w t* highest am ong b low ers and shipper*, 
the l» o  occupational g roup* th a t w ere caposed l o  
the highest c o o c tn lra t io n s  o f  m ercury vapor. 
Am ong men em p loyed  tn the repair o f  d irect 
cu rren t m eters, the occurrence o f  ch ron ic m ercu ry  
poison ing was described in  |9 4 9 . ; * *  S ym pinm * 
wera fo un d  on ly  In  m en  w ho repaired m ercury- 
c ru n n in g  direct cu rren t m ercrs but n o t in  m en
w ho tested n onm c icu "  -containing » J u i ru i i rg
cu rren t m etert. F u rth c im o re . the incidence o f  
mercury poison ing varied according m o  ihe 
iin .osphersc concen tra tion  o f  m ercury in th en  
respective w ork ing  cn viron reen is . F w ir cases o f  
tubacu ic o r ch ron ic m ctcuna! p n io n m g  were 
fo u n d  among m en w ho  op e ra led  h igh frequency 
induction  furnaces w here the pow er was supp lied 
by an  oscillating cu rren t, h igh  frequency c onvene r 
ih a t had a m ercury d ischarge g a p .* * * ’ * ’ *  O rhe r 
occupationa l tm oaacstions occurred  when police-
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men used m ercu ry  pow der l o  d e v r fc s  finger- 
p r ln lt ,* , , * , , ,  These incidents dem onst/a ic that 
the possib ility o f  m ercuria l pM tomng e m u  
whenever m ercury o r m ercury -con tawing
com pounds sre used carelessly * * * * 1* *  Le« 
substantiates this w ith  s i m UoasI exam ple t c f 
m ercury poisoning us has d iscvnaon o f  the h isto ry 
o f  Ih e  s ta tu to ry  c o o u o l o l  m ercu ry  pstsorsng  in 
G iee t B n u m .* * *

Iso la ted  esses o f  o rp ru -m rtc u n a l pouc -m np  
m oat crnnm u-Jy  m u l t  Iron s the K o J e n t i l  nr 
u n in fo rm ed  misuse o f  m e icu ry  us jg n c u lt u r i l 
p roducts . Since o rp n o m e rc u ru l com pounds w rre  
in troduced  to  p rn e n t seed S u r e  d ts ra ie i us 1 9 1 4 . 
s num ber o f  peop le h ive  been fa ta lly  p o e so v d  ur 
severe ly irvrapacitated Individua l g o n o n in p  haw  
ccenm only re iu itrd  from  rating  fo o d  products 
euch as b read o r porridge made from  cerea l grains 
treated w ith  som e fo rm  o f  a lk y lm e tcu ry  fu n p - 
cade.’ * * * *  A n othe r source o f  m ercu ry  poisoning 
that m ay w e ll be m ore p ievs l*n t than  has fcren 
realized p rev ious ly resu lts fr o m  the acctdental. 
in ad ve rien l. o r in te n t iu tu l feed.ng o f  dressed seed 
p u n  lu  f i rm  livestock This p rob lem  came to  
pub lic a tten tion  in  the U S  tn  Decem ber. | 9 b 9 . 
when three m embers o f  an A Jrrago rdo . New 
M exico fam ily w ere s trtcktn  w ith  d u s ' a l  
sym p tom s o f  s lk y lm e rcu ry  p o ison in g ’ • • * • * • * • *  
An in v e s lip t io n  re vca le l shat ih e  hcsC o f  the 
fam ily  had  fed som e hogs discarded w an e  seed 
gram that had been treated w ith  an o r p r v *  
m ercuria l fu n p a d e . M oreover, the scientific 
lite ra tu re  conta in s a d iiiu rb ing  number o f  cates o f  
livestock poison ing b y  o rp n om e tcu n a ls  that w e ir 
severe enough  to  w an an l m v e s lip iM m .* '' * * •  
a i v . r v i  g u ) |  j (  (n u n t i  |  num ber a t  m p n e v  
m ercuria l g ossoa tnp  lh a l were r**’ i  severe enough 
fo r ihe fa rm er l o  ca ll a v e irn n a n a n  are not 
recorded.

K u r la n J  at a l ’ *  have summarised 3 9  eases o f  
human o rp n o m e rc u ru l gvnw-ning ihat have been 
lep o ited  tn  the lite ra tu re  fic m  Ih o S  th rough 
195 4 . S om e  typ ica l exam ple* o f  m p n u m e n u n a l 
poisonings can be considered here L u n d p en  and 
S w e n u o n * * 1 described 4  cases o f  a lk s lm e tcu ry  
pwwvung wh.ch n o t o n ly  invo lved  ingestion o f 
lie a ted  seeds, but a lso  to x ic  hum an ex p -su ic  to 
• Iky lm c rcu ry -trea ted  lum ber and seeds T ay lo r et 
a l.* * *  estab lished higher u rin a ry  i n j  W ood  
m ercury levels in  33  employ ers o f  an a lk y lm etcu rv  
seed-diesung ope ra tion  H i ll* * *  repo rted  th at the 
deaths o f  2 fem ale tirm -g raphers were caused by

ivww*vnrHiw-ŝ arfvsaTt-ri<rt%̂ û Vvl>n»ẑ >4a1̂TU-iMni.

vapo rs o f  an  a ik y lm c rc u n s i sto red  in  a ro o m  
adyacenl lo  lhe ;e  o ffice  A h lm a /a '* *  de scrib e d  4 
cases o f  s lk y lm ercu ry  po ison ing  ssso c ia icd  w ith  
seed d r e tu n g  o r  w o o d  imp* egos I io n  o p e ra tio n ] . 
T here  a r t  m a n y  a d d itio n a l i r f c re n c e i  w h ic h  deal 
w ith  ih e  po ttonow s n s tu ra  o f  o r p n o m e r c u iu la  ui 
funpcvdea.***  * '* *

Severa l acc o u n ts  o f  pvjvsoninp w ith  phenyl- 
m e rc u n c  c o m p w m d s have a lso  be en  rep o r te d . 
M cC ord e l t i $ , t  r s i ib i i th e d  th a l p h e ny lm eicu rtc  
c fe a le  possesses s k in u i i ia n t  p ro p er tie s . G o id w sle r  
e t al *** re p o r te d  th a t  an ind iv idual sp ray e d  w ith  
a  m u tu r *  c o n ta in in g  12% p h e n y lm erc u n c  a ce ta te  
received  second  d c p c e  chem ical b u m s  o f  h is s im .  
b u r  h a d  an  u r e v e n i l j  reco v ery . In  an  earlie r 
s tu d y . G o ld w a le r  a n j  d e ffer» * •,  d escrib ed  the  
m e rc u ry  po ison ing  o f  n ine  *  or Sets using  a special 
a n iifo u lm g  m a n n c  ty p e  pa in t. W ith  regard  t o  th e  
use o f  a ry lm e rc u iu ls  as w ite r-b a sed  -p ain t 
p reservatives. v in o u s  tnves1l p lO l l * , ,  •*•*•***  
have e stab lish ed  (has th e  -.icologicai h a e a id t 
involved w ith  p n c n y lm crc u n  le la te  a ppea r to  be 
m in im al

Uj i  since  a n tiq u i ty ,  m erc u ry -c o n ta in in g  com ­
p o u n d s  u se d  tn  n r d io n c s  have  a lso  caused  
m ercu ria l po ison ing . F o r  e x am p le  th e  use  o f  
v a rto u i o r p n  it r e t  c c ris is  as d iu rc tK i has been 
asKvciated o n  n u n y  occisaons w ith  in c id en ts  o f
to x io iy .  1 T he e x te n t o f  th e  p j ih o lo p c a l
changes ih a t  a ie  in d u c ed  appea rs t o  d e p e n d  b o th  
o n  th e  ty p e  o f  m ercu ria l used and  th e  d u ra tio n  o f  
th e  iJ m ira s t i a n o n .  b u t  it  is n o t n r c r s u n ly  eclated 
to  th e  d ru g 's  efficacy  a s  a d iu re t ic . T hus. 
M c rc ap to m etin  so d iu m  C n u o m e n ts ^ )  v irtua lly  
tick a  th e  card iac  to x ic ity  w h ich  is c o m m o n  lo  
ueher o r p n o m c f c u n a )  d n - ie i ic i .* * *  * * * ' B u t ui 
high doves i t  is le th a l and induces c o rtic a l renal 
n e c tim s  w ith o u t ih e  a pparen t g jo m e ru lir  involve- 
m .ent lh a l  is ty p ic a l o f  m ercu rial d a m a g t.* 1* 
Several m e rc u ry  p rep a ra lu m s fur d iu res is  m  
cardiac e d em a  gw tienls h a w  h e rn  a u o c ia ic d  w ith  
U K idents o l  p x u m in g .  The to x ic o sis  u  m an ifested  
in  v in o u s  w sy s f ro m  m ild cases to  d e a th . S o m e  o f  
th e  p ro p rie ta ry  m ercurial d iu re t ic s  arc  
S a J v r p n ^ .  M erbaphen® . M e rc u p u n n 9 . and  
faK honc  AU |> n i« rungs ih a t have m u l l e d  fio m  
th e n  use rcfie c i v a o a lio n s  in  ind iv idual su sc ep ti­
b ility  l o  a  particu la r m e icu n a l. M crbaphen  w as ihe  
first dead ly  m e rc u n a l d iu re tic  lo  b e  id e n tif ie d  w ith  
th ree  f a ta lit ie s  * '*  A nd  S a lv r p n  w as re p o r te d  lo  
cause  d e a th  a fte r  i t  was ad m in istered  in u a -
ven*«*iJy.* N rp ta l ti«v and  Mer-

a i p u n n * '* * * '*  have a lao  b e e n  t n o o a l t d  w ith  
fa ta lit ie s . H ow ever, p ro b a b ly  so m e  o f  th a  d e a th s  
w ere  n o t d u e  t o  th e  d ir e c t to x tc  e ffec ts  o f  tha  
m e rc u r ia ls  T h era fo ra . th e  p e r t  p lay ed  b y  th e  
m e rc u ria l d iu re tic s  in  th e se  c a te s  c a n n o t be 
d e te rm in e d  d ire c tly . H o w ev e r, so m a  d e ath s m u st 
b t  a t in b u te d  lo  lh a  d ru g  itsc if .

In  general, lh a  loaac  m an ifest a t to n s o f  m er- 
c u r u l  d iu re tic s  c a n  b e  p o u p e d  In to  th ree  c l a i m

I .  S y m p to m s  re la te d  l o  a n d  resu lting  f ro m  
th e  associated  d iu rc s u  w h ich  a r t  essen tially  
n onspecific .

2 D u e c l to x ic  e ffe c t o f  th e  m ercu ry  to n  on  
sp e c:*  - o rgans. W iih in  th is  d i u .  ren a l lessons 
c o m m  o f  d e g en e ra tio n  o f  th e  p ro x im al tu b u la r  
epv thalium  a n d  c au se  a lb u m in u r ia . In  im m ed ia ta  
fa ta lity  cases fo llow ing  in tra v e n o u s  s d m m u ira tio n  
o f  m e rc u n il  d iu re t ic s , d e a th  u  th e  resu lt o f  a  
d tre c l ac tion  o f  th e  m e rc u ry  Ion  o n  c ard iac  
m u sc u la tu re .* * 1 '* * *  TTse e ffe c t ts m an ifested  
early  u  a change  in  m tr a v tn tn c u la r  c o n d u c tio n  
and  la te r  as te rm in a l v e n tric u la r  f ib rilla tio n .

3 . G enera lized  m a n ife s ta tio n s  o f  an id io - 
ly n e ra sy  o r  a n  a lle rp e  re a c tio n  w h l is  inc lude  su c h  
rea c tio n s  as d u l l s ,  feve r, d e rm a to su . 
le u k o p en ia .* ’ *****

J J 9 K  .:
d in ? n d iu l i

U n til th e  early  l9 S 0 's .  recogn ized  
m e rc u ry  po iso n in g  u su a lly  involved  in W o o a l i  
w h o  w ere  a iso c ia te d  w tth  in d u s irta l o r  o c cu p a ­
tio n a l e x p o su re  to  m e rc u ry  in to x ic a tio n . F o r  
e x am p le , aa la ta  as 1 3 5 4 . o n ly  3 9  a  vet o f  
o r p n o m e r c u n a l  p o ison ing  h a d  b e e n  te p o rtc d  in  
Use lite ra tu re .* *  M oat o f  th e se  cases resu lted  f ro m  
e x p o su re  to  th e  w p n o n * e rc u r ta i l  du rto g  th e  
p rocesam g o r  u se  o f  seed  d is i iifcc tan U  and » few 
c a m  m u l l e d  f ro m  la b o ra to ry  e xposu re . P- n  
1 9 5 3 . a m y sterio u s n e w  ty p o  o f  n c u ro k v c a l  
d isease  a fflic ted  th a  in h a b ita n ts  o f  M inam ata, 
J s p e n .* '• '• • * * * * * * ' A fte r  ye a rs  o r i m e t u p u u n .  
in  193 9  th e  c au sa l n o  agent w u  con d u aiv e ly  
p ro v en  to  b e  m c th y lm c rc u ry . T h e  m e th y lm crcu zy  
w as  a b y -p ro d u c t w h en  m e rc u r ic  su lfa te  a n d  
ch lo rid e  w ere  used  lo  c o n v e r t a c e ty lm a  In to  
s c c ta ld e h y d c  a n d  vinyl c h lo rtd c . T h a  h ig h ly  
p o iso n o u s  O K thy lm ercu ry  w as d u c h s ry td  In to  
M inam ata  B ay  as p a r t  o f  th a  w a s te w a te r  e ff lu e n t 
fro m  a p la stic s fac to ry . A n d  th e  m c th y lm c rcu ry  
su b se q u en tly  a c c u m u la ted  u i th e  fish a n d  shellfish  
m  M inam ata  B ay . D etw een  195 3  a n d  1961 , 121 
cases inc lud ing  4 (, d e a th s  b y  m e th y lm e rcu ry
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p o ison ing  w ere  o ffic ia lly  r ep o r te d . T he disease 
prim arily  a ff lic ted  fu h en r.e«  and  th e u  fam ilies. 
O ver l ' \  o f  < p o p u la tio n  c f  10 ,0 0 0  people  l » m |  tn  
ih e  v ic in ity  o f  ih e  Bay lu f f n e d  m im  e ffec t from  
■he d o c i le  T o d ay  ih e  i n n  “ M inam ata  D u e s* '*  it 
u se d  lo  describe  ih e  chem ical a n d  patho log ical 
c h a rac teris tics  o f  i h u  n cu ro lopcu l d iso rde r A nd 
th e  t r im  “ M -r.atT .jii Dixaise"* haa becom e 
ly o o n o m u u a  w ith  n e th y lm e rc u ry  poisoning 
i j e o l k i . l j r  a n d  a lk y lm ercu ry  po isoning  in  g r r .a a l .  

In  I9 6 S .  a  iin o la i cpadenuc again r n u i t t d  fro m  the  
d ischarge  o f  m e th y lm e rcu ry  tn  th e  w astew ater 
e ff lu e n t f ro m  a  chem ical com pany  in to  ih e  A g aro  
R i»ct r e a r  N u p ta ,  Jc p an . T h u  rp sd rm sc  caused  47  
rrawe caaet o f  M inam aia  D uraae  a n d  » d e a th s .1 M  • 
•  a * - « 4 1 j n  a d d itio n , U i a n d  K i tu n u n 1 "  

i t  p i t i e d  p re lim inary  l l r .d in p  « h x h  ind icate  th a t a 
se rious m crcu iy  p o llu t io n  p rob lem  a lio  c a u t t  in  
I ta ly . A t at Minamata a n d  N u p ta .  Ja p an , a fac to ry  
in  R avenna. I ta ly  p roduces a c n a ld rh > d e  fio m  
acety lene w ith  a m ercu ry  a t i t y s r .  and  the  
» t i i r * a t e r  e ff lu e n t la d -K h a ig rd  in to  a nearby 
la g o o n  F u h  ta k e n  fro m  the  lagoon  near the  
w as tew ater e fflu e n t d is c h rg e  po in i show a 
m ercu ry  i tc u m u la i io n  o f  from  I t o  2  ppm  o n  a 
w et w a th i  baua.

Hum an m ercu ry  in to i ic a i i jn  h a t n o r occurred 
in  the lo c a l Ita lian  p opu la tion  because the fish  ace 
n o i u ie il f o i  fo o u . The fu h  are n o t consumed 
because th ey  have a strong chcm ca l tm rt l and 
la i ta  a t a m u lt  o f  the heary p o llu t io n  in  the 
lagoon . However, seagulls that feed on  these lish 
h a re  accumulated a h igh m ercury content in  then  
feathE it. The a u th o r i o f  ifua r r p o r i a lto  
estab lished that the to ta l rn acu ry  content o f  the 
fe ith e u  it 1 7  ppm . w ith  9 7%  mcihy Im ctcury T hu  
va lue u  abou t the u n se  ta that fo und  fcy Johnels 
and W c s lt in u ik 1 * *  in  Sw edah  tcabuda o f  ptcy 
auch a t the O ip te y  (/bndaon  tulutruif arid the 
C ic a l Created G i r t *  (A x f-c rp i m i u i u r l .  b o th  o f  
w hich arc ncai e a tm c lio n .

W hereas the M inamata and N i lp t a  ep-dem ict 
i r s J i t d  when nsc lhy lm e ieu ry  w it  id ea ted  in to  
the in v ironm en t a t  a b yp rod u c t f r o m  a chem ical 
m anufactu ring  p acceu . other a lky (m ercu ry 
puitum ng epadem io  w n e  d irectly  aaaocialed w ith  
ihe jp u u l i u t a l  uaet o f  a lk y ln K nu ry -eon ta in ing  
fu r  guides. Severa l a lk y lm creu ry  pouontng 
epadem ra have been recorded . In  the C uatam alan  
H .pWanda, 4 $  ca te i o f  o tganonvncuna l poisoning 
t r iu l le d  in  2 0  deaths in  I 9 6 J . ' *  In  Pakistan , 
about 1 0 0  peop le were sim ila rly  • ff ltc ie d  in

1 9 6 1 . '*  T ha e x ac t n u m b e r  o f  case* is d if f ic u lt to  
d e te rm in e  b ecau se  u n d e lc im t* * d  n u m b e r*  of 
peop le  w rrc  a ffb c ie d  w ith  u r » - j  ly ro p fc m s  tn 
nearby  villages. *nd  ih e  c a u ie  o f  th e u  a ff lic tio n  
« u  n o t  id e n iir ie d  e r d  th e  n u m b e n  w ere  n o t  
reco rded . A lso , to m e  p e o p le  d ied  at h o m e , w hile  
o th e r*  w ere  a d m itte d  to  lo c al h o sp ita ls  or w ere  
trea te d  as o u t p a tie n ts . N r a r t h t l m .  o f  th e  34 
p a tien ts  w h o  w ere  h o tp i t a lu r d .  4  d .cd . a r.d  S 
irn c o s Jy  ill p a tie n ts  w cte  rem oved  b y  r rls tiv r* . 
T l.c tr su b se q u en t fa te  w aa n o t r re n rd e d . A m ong  
th e  rem a in ing  25 p a tien t* . 14 h a d  r u ld  cases. 7 
w a r  m o d e ra te ly  severe, a n d  4  w « e  severe.

lit n o r th e rn  l*aq in 1 9 Jo  m ore  th a n  1 0 0  cases 
o f  m n c u ry  po ison ing  and  14 d e a th *  w ere 
d iagnosed  ** • • * * '* * *  In  |9f<0. m a n y  farm er*  
w ere  g v m in c d  a n d  221 p ju c n l t  w e ir  i J m i t t r d  to  
o n e  S o tg x u l in  Baghdad . Iraq  O th e r  p a tie n ts  w a c  
k n o w n  to  have  h :e n  s tr ic k en  b y  c th y lm e tc u n c  
c h f jo d e  F u r th e rm o re . sc ien tific  i r p o r ts  in  ihe  
R ussian  lit e ra tu re  id e n tify  o r g a n o m c u u n a ) /  
p o i s o m r g  irvcidenta in  th a t c o u n u y  
l iw"" '-"

TOXICOLOGY OF MERCURY
A t w ith  m o tr  su b s ta n c e i. th e  lo is co in c iira l 

e lfe c t i  and  p h irm a fo lo g ic i i  activ ity  o f  m ercu ry  
arc d e te rm in e d  b y  i f *  l o r n  a n d  c u a n tity  m  w h K h  
t h e  m r rc u rv  co m p o u n d *  are  adm in- 
ts ie r rd  * " ' * * *  H ow ever, as w ith  any to»K  
tu b s u n c e .  th e  d o te  l i m e  d r ie r  m ines she g*>nnn 
o u s  r .a lu t r  'if  th a t tu M ia ru c

H ughes**4 has sh o w n  th a t  b o th  th e  b io log ica l 
e ite c t and  th e  v a ria tio n  in  d is tr ib u t io n  are 
gvirvcipail, d u e  to  th e  re a c tio n  w ith  th io ls  r o  l o r n  
m c rc u iy  m a c a n n d e a . a n d  th e  n a tu ra l d is tr ib u t io n  
c f  th jo ls  in  th e  l.s su e t d e te rm in e s  the  degree  of 
rea c tio n  and  accu rn  J a n o n  T h is  partially  e tp ia s n t  
th e  a ff in ity  o f  m ercu ry  for h u m a n  plasm a w h ic h  ii 
n c h  in  ih e  th io l g ro u p in g s  H ow ever, th e  
o r p n o m a c u n a l s .  e ip r c u l lv  rn e th y lm e u u ry . have 
a rela tive ly  h igh  to tu b U ity  i r  fa t a lth o u g h  th n  
v in e s  w ith  th e  s u e  o f  th e  o rgan ic  m o .'r tu J r  A nd 
these  c i p n o m c K u r u f t  d iffu se  ean lv  th ro u g h  cell 
m em brane* . th u s ,  they  i c n iu n t  fo r th e  u n ifo rm  
d is tr ib u t io n  ifu o u g h o u t th e  b o d y  In a d d itio n , 
p h itio h s f ic a l and  c y td o g iv a l  n u d ic a  ha*« 
e stab lished  th a t  m e th y ln .e ic u rv  I rn d s  lo  be 
a s so ita trd  w ith  le d  t l o o d  ce lls  a n d  th e  n r n c u t  
iy** rm . F u r th e im o re . rr.e thylm er.-ur>  e a u ly  passes 
th e  blood-fcrain a n d  p la ce n ta l t a m e r s  to  K curr.o -
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la te  tn  th e  b ram  a n d  f tlu a .* * 1 In  c o n tra t i .  the  
inorgan ic  u l t a  o f  m ercu ry  show  a a trong  a fA riiy  
for a large n u m b e r o f  p o u p ir g a  o n  p r o rn n s . T h u  
causes th e m  to  crow d  o n to  a  few  m o ic cu lta . a n ]  
d ittiib -u iinn  i t  d r la v e d  am ong th e  av ailab le  thiols 
th ro u g h o u t th e  bod y  C o n se q u e n tly , e i t r e m e  local 
irn ia t io n  tt  p ro d a c rd  ***

I n n rp n ic  m a c u r u l  sa lts , on  th e  o th e r  h an d . 
c h a tK ta is is c a l ly  show  low  b lo M  levels, b u t w ith  a 
p red ilau o n  for th r  k i in c y .  live r, a r.d  sp leen . 
EvkIokc in d u a 'r s .  th e re fo re , th a t psiho logscsl 
e lf e c t i  o l m n c u ry  tnto*Kati>>n c o rre la te  very 
J i n n y  w ith  th e  rea l c o n ce n tra tio n  o f  th e  m e ta l in 
the  a tfe c tcd  organ  a t  w ell as w ith  th e  sensitiv ity  o f  
th e  o t p n  to  m e rc u ry * * *  Il a lso  is e v id en t th a t 
m e rc u ry  has th resh o ld  values fo r th e  d iffe ren t 
• rg an s  w hich  m u st be t t c e r d e d  fc-r th e  sy m p to m s 
o i  tn to u c a t to n  lo b e  observed  * • ’ •***

In  ■eder to  assess th e  p i t r n ts a l  h a i t r d  « f 
m r rc u iy  and  u s  c o m p o u n d s  o n  m a n  a n d  the  
e i-viionrr.cni. it  i t  u r .p s rU n t In  d is tingu ish  am ong 
the  v a tu n ii fo rm a o f  r n a c u ry  co m p o u n d s. 
B su c s tly . a ll m e rc u ry  c o m p o u n d s c an  b e  cate- 
p i r u e d  as e ith er u v o rp m c  o r  o r p m c .  The 
in n r p n ic  m n c u ry  c la iu i ic a tio n  in c lu d es m ercu ry  
in  th e  fo rm  o f  ( I )  th e  e lem en ta l s ih e rv  m e ta l and 
u s  ia p » f .  121 th e  m ercu ric  io n  l Hg**! a n d  i t s  u l t i .  
I J l  ih e  m e tiu iu u s  io n  f l f g ‘l  and  its  sa lts , a n d  14) 
m ercuric  to n  c o m p le i e i  w hich  srr  cap a b le  o f  
fo rm ing  r tv c tu H r  b onds w ith  Ihe ihuW g roup*  in 
p c o ie tra  The o rg sn o r i r r c u n a l u fa tu i lc a iio n  
m c lu d ts  chemvca) c o m p o u n d s w hic ti c o n ta in  
^ i b o n  a lo m t th a t a te  covalen tly  b o u n d  lo  a 
m a c u iy  a to m  T h t  o r p n o m r rc u n a l  c o m p o u n d s  
c an  b e  fu rth e r  c i i r f o t u r d  in to  ig t-c la is J ic a iu x ii 
a cco rd ing  l a  Ihe  o rgan ic  fu n c lin n a l p o u p  
a t i ta c tc d  to  th e  m e icu ry  a to m . In th e  c o n s id e ra ­
tio n  o l th e  to iic o i. 'f i c a !  e ffec ts o f  m e icu ry  
c o m p iu n d t ,  Ihe m o il ir r p v 't ta r t  c f  these  aub* 
c lass ifica tions a te  if .t  a ry l, a lky l, a n d  a ik o a y ilk y l .  
D in r  itfr .e ra lu ed  s tru c iu ie s  are

R l lg a R O  llg*

a iv lm tic u n a i  a lk y lm m u t ia l  i lk o ty a lk y l  
m e rc u ria l

w h n e  R is any  a lk y l p o u p  auch as m e th y l, n h y l .  
p ro p y l, e tc

T h r  d .ffc 'cnuaiM W  am ong  t h a t  su b d a sn lic a*  
lum a o l o rp n o .T e r c u ii t l  cu m piaunds and  th e ir  
loxicoli*gical p io p e rt it*  is p n m a n ly  a  fu n c tio n  o f  
the  c o m b in ed  phyncaJ and  p f j im a c o io ( ic a l  o r

d iru ca l p r c p r r i .e s  o f  eac h  c a te g o ry . T hese 
to a ic n lc p c a l  d ifference*  are  m oa t im p o r ta n t 
b ecause  a ik y lm e rc u rts l c u m p o u n d a  ah.uw a p e a l  
p ro p en s ity  to  a ccu m u late  in  n e rv o u s  tu suc . 
T here fo re , th e y  have a far  p r a t e r  n e u ro io t i .- i iy  
th a n  a ry l oe i r o t p r u c  m ercu ry  c o m p o u n d s .

The to a tc  m an ifest a ii<-ru o f  m n c u r y  m ay  be 
a c u te  o r  c h ro n ic ; a n d . us g in a a l ,  industria l 
'  ssu r .irg  tend*  to  b e  c h ro m e , w hile  n o n ln d u iu u l  
po ison ing  u  a cu te .

ACUTE MERCURY 
IN T O X IC A T IO N **'** *** ’ '

T h r  a cu te  syu  p to m i th a t  re su l t f ro m  irgestlu ts 
o r  in a c t io n  o f  any m ercu ry -co n ta in in g  com pc*iftd  
tn c lu d r : b u im n g  in  th e  rruv jth  a n d  Ih ro a i ;  eschar 
o n  th e  m o u th  a n d  lip s ; e x tre m e  sa liv a tio n  and  
i h i i t t :  n au sea ; v om iting  o f  b lo iv i - iu in e d  m u c r t ;  
u v e re  p s t r o m tc t i i r u l  u n t a t u n .  severe ahdom ins! 
p a in : ih o c k ; b lo o d y  d ia n h e a : lo ss  o f  flu id s  a rd  
e le c tro ly ie s ; rapt-* weak pu lse ; card iac  
a rrh y th m ia s ; c o ld , d im r r .y  sk in ; pa llo r: slow 
b rea th in g , a n d  p e riphe ra l vascular co llap se . A fler 
f ro m  o n e  d a y  to  tw o  w eeks, th e  fo llow ing  de layed  
a c tio n s  o c c u r : u lcera tive  co in s: salivary gland 
sw elling, excessive  u l iv i n o n ;  m e ta l lic  ta ste ; 
s to m a ti tis , fo u l b r ra th .  loose  te e th :  so f t, spongy  
gum s; ar.d a b lue  b lack  gum  Itrvs caused  by 
m rrc u ry -su l lh y d fv l c o n .p fea  m ay be co m e  ev iden t.

O ltru n a  i t  o l f r n  p rese n t w ith  a n u n a , u r e r ru .  
a lb u rr.ir .u ru . h e m a tu r u . p to ie m u rU . a r.d  acsdosu  
U ca th  .1  tha* stage  n  a scribed  t o  urem ia . A u topsies  
r c v r t l  in f la m m a tio n  and  e x te n u v e  co rro s io n  al.wig 
th e  a lim e n ta ry  t r a c t ,  srvere  ren a l tu b u la r  n e c ro x j. 
a n d . possib ly , c e n tra l neciosia  o f  th e  liver.

T h e  a c u te  sy m p to m s th a t  oc cu r w hen  tn o rg a n i: 
m ere  iry  c o m p o u n d s  a re  in h a ird  inc lude  
t to m a tm i .  u l iv a i io n . m e ta llic  ta ste , a b d o m u u )  
c ra m p i.  d ia n h e a . d ilH c u lly  tn  b rea th in g , cough , 
r n t l r s in e ta .  fever, rap id  re sp ira tio n , g sitro - 
in lc itm a l a n d  c e n tra l n e rv o u s m a n ife s ta tio n , 
b ro n c h ia l ir r i ta t io n , pn c u m cn ilia , a n d  k idney  
dam age  w ith  ren a l sh u tdow n .

a iR O N IC  MERCURY 
INTOXICATION** • - • • • - * * •

T h e  m a m le iu t io n i  o f  c h rc n ic  m e rc u ry  in to x i­
c a t io n  a te  m o st c o m m c n iy  e n c o u n te ie d  tn  
U vJusiry. a m o ri ; d e n tis ts  a n u  th e ir  pa tien t*  w ith
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m ercu ry  x m a lp m  fillings, and  in  U wo r t 'o r >  
research  w o rk e rs . T hese  m a n ife s ta tio n s  m u l l  f io m  
pro longed  e x p o su re  lo  excessive c o n c ro ir i t io c u  of 
m a c u r y  sa p o r  o r  t h t  dual o f  m ercu ry  u i l t

W ith c h ro n ic  n o  c u r /  p c u o r u r j  ail o f  t h r u  
sy m p to m s m a y  a p p e a l, b u t uaually  t h t  o n se t n f  
these  sy m p to m s U  slew  to d  tn u J .o u u  While the  
sym p tom *  are  e x tre m e ly  u n a b l e ,  th e y  are  k n o w n  
(o  inc lude:

1. C t m n l  n a n t  l y v t m  -  H rid a c b e , 
vertigo . v a so m o to r  d u tu ib i n c t ,  a ta x ia . peripheral 
n e s rn iu , m uscu la r u i  m ors, a n d  p a in  and  n u m b n e u  
in  th e  r i t ic m i ik a -

2. G a u r v i fJ a t in a l  -  Increased  u J .v i t io n . 
s to m ati tis , g i r p n t i*  w ith  b lu e  lu te , l o u  o f  
ap p e tite , w r i fh t  l o u .  nauaea, v o m iu n g . d ia rrhea , 
rw o ilcn  salivary g lands. *oft ip o n f y  gum*, .n rla!tic  
taa te , fou l b re a th , a n d  oc casional I n t i  d am ige

3. C t n to t tn n a r y  -  P ro te in u n a . h e m a iu n a , 
an u ria , a n d  n e p h n u *  w ith  ic n a i dam age  p r o p e l ­
ling  to  acu te  te n al failu re  w ith  a n u ru .

4 . H ttp v o to r y  -  In flam m a tio n  o f  ihe  n o w  
(rh in itis ) , l o u  o f  tm e il ( a n o im u ) .  cough , and  
few.

5 . S \ l / t  -  E ry th e m a to u t p* pu l o r , vesicular 
lesions and  u r t ic a r u  progressing lo  « cep tng  
d e rm a u iu a .

6 . E y t  -  C o n s tric tio n s  o f  th e  visual firlda  
a n d  m erc u rta le n n a  w h ich  «» d u e  t.* th e  dep o sitio n  
o f  m ercu ry  o n  ih e  a n tc n o r  a n d  p o s te r io r  tu i l ic e a  
o f  Ihe  le n t.

7 . M u x v l r  -  Cbr.-all genera l r rtu cu ia r  
w eakness and  fa tigue .

I .  b i t h i i m  -  A  pecu lia r  fo rm  o f  psychic  
d a tu rb a n c c  lh a l  ic s u lu  fro m  c h ro n ic  m e icu ry  
im o x tc a lto n . E re th iim  la c h a rac te r ise d  by 
tb o o rm a l ir r ita b i lity  o r  respor.iiV tr.csi to  iiim uia- 
lio o . T he ay m p io rr.i in c lude  u n u b t l i i y .  H am ­
m ering . b lu sh ing ; ihyoeaa ; a n x ie ty ; r r s t lc t in c u . 
ic te n lm e n l o f  c n l lc u m ;  tr.aom rua; l o u  o f  self- 
c o n fid e n ce ; fear o f  loamg o n e 'a  jo b .  l o u  o f  
c o n c e n tra tio n ; l o u  o f  m e m o ry ; l o u  o l  d m e .  
e n erg y , o t  t n t e m i ;  f o rg e ifu tn c u ; m e lancho lia ; 
h a llu c in a lio n i; ev idence  o f  m e n ia l d r ic n o r a i io n ;  
m e n ia l d e p re u io n i ;a n d  a a c e u iv e  p e u p rra t io n .

C h ro n o lo g ic a lly , c h ro n ic  m e ic u r u la m  uaually  
b e p n a  » n h  a  progressive  n u m b n e u  o f  th e  d u ta l  
pert*  o f  lha  c a t r c m iu e i  a n d  o f te n  c f  th e  lipa and  
lo r.gue. T hia  It fo llow ed  by  an  a ia a i ;  p i t ,  
d u m i n r t a  o f  th e  h a n d i,  d y sa rth ria . d / i p h a p a ,
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d e i ln e u .  a n d  b fu m n g  o l  n u o n .  r h i i  b lu rn n g  u  
a u o c u tc d  w ith  c o n s tr ic tio n  o f  th e  v isual f ie ld j. 
V o lu n ta ry  m o T tm e n u  a re  l im n r i  in  m o a t pa tien t*  
a lth o u g h  m u tc la  a tro p h y  u  ra re ly  a p p a ic n t 
S p a iiic ity  a n d  n p d i ty  a re  o f lcn  p rea en t; m uacle 
t u c t c h  rc f le a e t a re  uaually  p r i m e d  o r  becom e  
h y p c ra c ti re .  and  e x te n so r  p iin ia r  r e ip o n s r i  a re  
occaaiona lly  e lic ited  d u r in g  th e  la te r  i t i g t s  
In so m n ia , a g n a tio n , h y p om aru* . a n d  th e  l o u  o f  
e m o tio n a l c o n tio l a rc  f re q u en tly  n o te d . S tu g u r  
a n d  c o m a  p red o m in a te  n  som e p a tK n la . M o il 
p a i ic n i l  have  a b n o rm a l in v o lu n tiry  m - n r m e n li  
inc lud ing  c h o fc u a ih e to t i i .  m yo c lo n u s. a n d  coarae 
r a t i n g  a n d  a c tio n  tr e m o rs .’ *

T h e  m a n ife s ta tio n s  o f  c h ro n ic  m n c u ry  
p o no ru r.g  in  th e  c e n tra l nervous ty i i e m  are 
a u o c u tc d  w ith  c e r ta in  p a lb o fo p c a l fea tu ee i th a ' 
a rc  c o n iin e d  lo  ch it »> itfm ,* *  *•*” •* ’ •  T hese 
r ru n i fc tu u o n a  Include  a  v a ry in | i t  p e e  o f  c creb ia l 
e dem a , a tro p h y  o l th e  calcarine , p re- and  
p o ttc c n t ra i cereb ra l c o r t e t .  cerebellar a t to p h y . 
and  sc a tte re d  p u n u i t e  h e rm m h jg e i .

lii tio p a ih o lo g H aJ ly . th e re  ii a d iffu se  cellu lar 
d e g en e ra tio n  w ith  gJtcus. T he d e g e n e ra tio n  o f  
ne rve  ce lls  is n o t lever*  in  ihe  c a lcarin e  and  
p rcc cn ira l c m  i n  in  w h ic h  ih e  glial p ro life ra t io n !  
a n d  e x te n s o r  v acuo liza tion  ire  m o st p ro m in e n t. 
Inrv««rrr.en t o f  the  r e s t n f  ih e  c e n ira l n e rv o u t 
ay ite m  is  m uum aJ.’ * S im dar h n in p a th o lo f y  o l  Ihe  
i c n i r i l  n e rvous t> t ie m  h a t been  d e s c n te d  in 
rw in e .* 1 c a ts ,  c row s. sea b irds, a n d  f n h  lh a l 
sp o n ta n eo u s ly  su c cu m b e d  to  M in a m a ta  d is ­
e a s e . * a s  w ell u  in  e x p e r im e n ta l aru- 
m ils .*

In  th e n  f in d t r p  o n  m ice  th a t w ere  r i p e n -  
n e n t t i l y  exposed  lo  la b c ie J  m m u r» c  c h lo ride . 
B erlin  a n d  llllbe ig***  in fe rred  th a t ih e  lo calu a - 
lio n  o l  m c rc u iy  a l rela tive ly  high  c o n c e n tra tio n s  
in  fo ca l a r ra s  o f  ih e  b ra in  c o r r r l i i r d  w ell w ith  the  
a reas  o f  p a lh o lo p e a l le -io n  d e v e lo p m e n t. T h u  
a ppea rs  lo  c o n firm  an  e a rl .1  rep o r t th a t  m e icu ry  
c o n c e n tra tio n  c o n c ip o n d t  w h  c a lc if ica tio n  and 
a tto p h y  o f  ihe  granular la y e r  o f  th e  c ereb e llu m  us 
ra ts  a fte r  th r u  c h ro n ic  ex p o su re  lo  m ercuric  
ch lo rid e .* 11

ORGANOMERCURIAL INTOXICATION
W hile th e  com p fe .e  sy n d ro m e  o f  m ercury  

in to x ic a tio n  c in  be usduced  by  e ith er o ig a r jc  or 
i r so rp m c  m e tc u ru l i .  th « re  a rc  som e d if fe ren c es  in 
th e  respective  ty m p rc m x . Ir.oeg in ic  r n a c u ry
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puntM ing ssclim s have sym ptom s o f  stom atitis . 
A lso , excessive salivation and c re ih um  arc usua lly  
su ite  p ronounced  while w p n ic  m e icu ry  poison ing 
v ictim s u sua lly  c i n**ien :c m ore severe m a c i fe iu -  
irons o f  the m o to r and sensory nerve damage 
sym p ium s. In  cases o f  severe t lk y lm c rcu n a l 
in to x ica tio n  (h ew  r y n p o r r u  a n  n o l reversib le , 
indicating ih a t p c im irc n i b rain  damage h a j 
occu rred . In  a d d itio n , because a l ly  (m ercu ria ls can 
pau  ihe p fa .e n i i l b irn c r . c u n g tn iU l r.cu ro log ica l 
in juries can be induced u i the ( c u t .  F u rth c rm -jrc . 
n r n  i l i r i  acute exposure l o  lo u c  con< .cn l(i iion s 
u f  m e thy l and o the r s la y  I mer cu rta il. H m ay lak e  
weeks o r n vm iha l o t  the characteristic c lin ica l 
tym p tom s t o  appear.

ALKYLMLRCURY POISONING**•*>’ *
lll,SII*lt*,ll<-ll*.*IMft,«tt>ll<

In  the case o f  m e th y l o r  e th y lm a cu ey  
(wxsoning. the acute and ch ron ic pciusmng 
sym p tom s are q u ie  um iis t. In  an ap p rox im ate 
oader o f  n i ld  l o  severe in to t ik J t io n  they in c lude : 
c x ia u v e  fa tigue : headache, g e n ru l o v r rs li fee ling

1 o f  w u k n t u ;  in ab ility  l o  concen tra te ; amnesia.
2  numbness and ting ling o f  m ou th , longue , lips, 

hands, fingers , fe e l ,  and to e s , and ataxia including
.x g’ n e r i l d u r r . i in c u . im pairment o f  apervh . un
i  s ieadm esi o f  gait. K n i o f  c o o rd in a tion , and r d l c i
?  .h a rg e s  In  m ore  se»eie u s e i  (here ia a conccn inc
' narrow ing  o f  ihe n iu a l fie ld  u ltim ate ly  lead ing  to

tunne l a u o n .  lo t s  o f  abdity t o  speak; im paiim ent 
o f  hearing , severe em o tion a l d iltu ib ances c h in e - 
te n te d  by unp red ic tab le v io len t c v j i b j r i t t o f  anger 
o r fits  cf depression, and  p ro g im is e  and 
v m e i im n  c t im p lt ie  lo ta  u f  m u u u la r  c o n t ro l. I  e ., 
gvaialstis and fin a lly  d ta ih . M o rcav tr. m ethy l- 
rn a c u ry  ta ils  h u e  been th ow n  io  produce to x ic i ly  
in m an when Ihey * o «  a p p iird  l o  llie  sk in  »n an 
o in im m i * • * ' * "  The lungs an J  lh a  digestive 
ira c i ate ih e  m«nl im gu rian i lo u ic a o f  ab so rp tion , 
h uw eva . And  th r  availab le ev idence indicates lh a l 
m ore than  o f  ihe m e ih y lm ru u ry  in  fo od  is 
absorbed " *

ALKOXYALKYL AND 
ARYLMERCURY POISONING

The (w ganum ereuna li, m c th o x y c ih y lm a cu ry  
and ghen y lm e rcu ry . appeal l o  be q u ick ly  m ciab- 
o fu ed  by b io log ica l systems in to  inorgsnsc 
rn a c u ry , w hich a  then e lim ina ted  T h c it fo re ,

to x ic ity  a r d  chroeuc sy m p io m s a r t  ii i ru l ir  to  thoae  
a u o a a t e d  w ith  m e rc u ric  saita. i .e .. d u r th e a .  l o u  o f  
a p p e iilc . w eigh t l o u .  ar.d fa tigue . R e la tm ly  few  
case* o f  m e ih o a y e ih y lm e rc u ry * * * -* * ' o r phenyl- 
m ercu ry  p o lS O l^ r .g '• '• * • , • * • , ' 4 # , ** , ,  h a s t  
be en  re p o r te d , a n d  ve ry  few case*  w ere  u n c u a ly  
in to x i c a te d .* "

ABSORPTION O F 
MERCURY COMPOUNDS

M a c u ry  a n d  u s  c o m p o u n d s  h a s t  aa  a ff in ity  foe 
th e  th i r l  p u u p s  fo u n d  in  b io lo p c x l p io te ta  u v i  
c ru y m t  ly i t t r m .  I lo w c re r . the  e x a c t compoaiUwne 
o f  th e  c o m p ie x f i fo rm ed w i th  au lthyd ry l-  
c o n u iru r .g  i j b t t x n . e i  in  the  b o d y  a re  n o t know n . 
Stnce  o r p n s c  m e rc u n a la  i r e  tl ro n g ly  c o m p le te d  
b y  t h r u  e ie y m e  ty s tem a . ih e  o rg a n ic  m ercury  
sa lts e re  m ore  c o m p Jc tc iy  ib so r tse d  th a n  w organac 
m e rc u ry  salts

C l i ik v m * '*  re p o r te d  th a t oedy a b o u t  2%  o f  
o ra lly  a d tr .u iu itr e d  m o e p u c  m a c u 'y  com pcxinds 
i r e  ib K 'b o d .  T hese  d a ta  a ppea r t o  c o n flic t w ith  
th e  findings o f  F iu h u g h  c l a J .* * ’ th a t  r a t t  a re  
c apab le  o f  ab so rb in g  a b o u t 50%  o f  th e  m er curse 
a c e ia tr  fed  to  th e m

O rp n o m c r c u n a ls  c a n  be a b so rb e d  b y j  
re sp ira to ry  t r a c t ,  a n d  g a s tro in tes tin a l I 
th e rm o ee . th e  h a a a rd  o f  in h a la tio n  in to x i f l  
inc reased  w henever th e  o r p n o m e T C u n ili  u *  
h igh ly  vo ta tde . B io io g ju l ty s tem a  a b so rb  m e th y l 
a n d  p h e n y lm erc u ry  c o m p o u n d s  u n c h an g e d  a n d  tn  
m u c h  g iea te r q u a n ti t ie s  th a n  th e  tn o rg tru c  m et- 
c u n ils  1 i trh u g h  c i a l * * ’  r e p o r te d  th a t  n il had  
a n  in te s ti -d  a b s o rp n e n  of p h e n y lm c rc u n c  ace ta te  
c f  b e tw e e a  a n d  £0%  o f  th e  ad rm n isiered  d o se . 
In  n u n .  the  in te s tin a l a b so rp t io n  o f  a lk y lm a -  
c u r u l t  has be en  e t t i m i i e j  a t 9 0  l o  9 5 %  o f  th e  
ad m in istered  d o se .* * ’ •***

T he a b so rp t io n  o f  ino rgan ic  o r  o tg a ru c  m a c u r y  
vapor th rough  th e  l u n p  p^-srs a  sp e c ia l in to x ica ­
tio n  p ro b lem . A fle i ex p o su re  t o  m e rc u ry  v apo r, 
m e rc u ry  a cc u m u la te s  us th e  b r u n  tn  q u a n titie s  fa r  
us cxcesa  o f  w h a t is found  a fte r  a n  equ ivalen t 
a m o u n t o i  in o rg an ic  m ercu ry  b  a d m in istered  
ora lly  o r  i n u iv m t  is iy  * ' • - • • •  v itro  expert 
m e n u  have e stab lished  th a t w hole b lo o d  u  capable  
o f  ab so tb in g  m a c u r y  vapor a n d  ra p id ly  ox id iz ing  
th e  m e ta l In to  th e  m ore  ’ jxic m et curse  m ercury . 
In  a n y  case , th e  b ra in  a b to ib s  l e u  t h j n  2%  o f  th e  
in je c te d  doae o f  m a c u r y .  H ow ever, w h en  m a c u r y
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CONGENITAL (OR FETAL) 

MINAMATA DISEASE
By I 9 6 0 .  I l  was ro d e n t  (h i t  m n y  ch ild ren  

bo rn  between 1 9 }  J m i  1 9 5 9  in  M inamata. Japan 
t u l f r r t j  from  m ental r r t s r d a iu n  and m o tonc  
d isturbances Thu  new disease » s i p u r i'in g  lAitully because ih« clin ica l sym ptom s w i l d  so 
w ide ly fiom the id u l l run o f  M tnamats Disease 
th i l  it was d iff ic u lt to  c lassify  them . In  iddltion, 
none o f  ih e  ifiu c te d  c h J ir e n  h id  consum ed m y  
cu n t im in s tid  fish  o r sh e llfish ; and usua lly  their 
m others showed none o f  th r  sym p tom i o f  
M inamata Disease n ’

The c lin ica l sym p tom s o f  ch ild ren  b o rn  lo  
m o th e rs  w h o  w ere r ip e n e d  to  a lk y lm e icu n a l 
i n io u c a u o n  d u r r . ,  th e n  p tegnaric te i w ere  .  . Ur

to  ty m p io m i t tp e n e n c e d  w ith  severe cerebral 
p a iiy  oe cereb ra l d y s fu n c t io n  s y n d r o m e  T hese 
ty m p to m i inc lud ed  a  li l t  o f  d is tu rb a n ce s  c f  r u n d .  
c o o rd in a tio n , ip c cc h , and  h e a rin g . as well u  
c o n s tr ic tio n  n f  ih e  u su a l H eld , im p a irm e n t o f  
c hew ing  a n d  sw sU aw ing , en h an c ed  te n d o n  r t t l e i .  
p s th o lo p c a l  refU xea, ia * o h a ta r y  m ovem ent, 
p n m i t t s t  r e f le a n .  lu p e rf lc u l K u a u o n .  salivation, 
a n d  fo rc ed  la u g h in g ." ’ Tha se v en ty  r<  the  
d isease  r a r |c d  fro m  c h ild ic n  w h o  h a d  o u U  to  
m o d e ra te  a u u a  a n d  ip a s iic tiy  t o  c h ild re n  w ith  all 
o f  th e  lis ted  sy m p to m s. T o  d a te ,  2 3  ca tc i o f  
M inam ata  D .scase h j* e  be en  d i s p o s e d ,b u t  c e ly  I 
o f  th e  m o th e rs  show ed  a n y  o u tw a rd  sym p tom s o f  
M inam ata  Disease.

T h e  evidence  th a t a lk y lm rrc u n a l i c ross the  
p la ce n ta l b i m r r  and  p ro d u ce  fe ta l d a m ig e  is qu ite  
s tro n g . T hose  in fan ts  w h o  d ied  w e re  found  to  
c o n ta in  high  levels o f  m e rc u ry  tn  t h t i r  k idneys, 
b r i tn .  a n d  l i v e r . " ’  A lao. T akeuchJ r s t ib b ih c d

ursniry eacreUoa of about 3 J %  in 49 days increased with time for 3 0  days aftti absorption.
T h e re fo re , th e  c o n u d r i i b l i  ru k  to  m an  from  

m e th y lm e rcsiry  (a tk y tm e rc u iu l i j  m u st be a resu lt 
o f  tw o  p a ra m e te rs . F irs t , th e  a lay lm crcu n a la  are  
m uch  m o re  b io log ica lly  s tab le  th a n  o th e r  fo rm a o f  
m ercu ry  c o m p o u n d s  T h u s , th e y  t r u s t  d tg r sd a u o o

to  m o r p r u c  m e rc u ry  w h ich  c m  b e  c llm iru trd  
f ro m  th e  b o d y . T h e  7 0 d a y  b td o p c a l  h s lf 'j f*  
d tm o e u tis tc i  thss p a ra m e te r . S e c o n d , on ly  the 
a lk y lm c rc u n als  a p p ea r  to  be able to  cross Ihe 
b lo o d -b rs in  b a rn c r  a n d  a lU c k  (he c e n tra l nervoua 
sy ste m .

T he in fo rm atio n  n o w  a m ia b le  i b e u t  hum an
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n p o c  a  inha led  s a d  ab so rb e d . b t o u v  o f  U i b p d  
so lub ility  a n d  lack  o f  c h i r p ,  m a r t  th a n  10%  o f  
th e  disso lved  e lem en ta l m e rc u ry  d i /f u ie i  act ora 
c d J  m e m branes in to  (ha  b ra in  l o a n - '

MERCURY DISTRIBUTION 
IN BLOOD

Ino rgan ic  m ercu ry  is s b to r b r d  tn io  th e  p lasm a 
p ro te in s  In  Cm  b lo o d . T here  fo re , n  i t  m ore  
am enab le  to  e i r i c u o o  f ro m  th e  b o d y  in  the  
u n r e . , , , J **  A lkyl a n d  a ry lm e tc u n a is . o n  th e  
o th e r  h a n d , a re  I s r j t ly  b o u n d  to  th e  red  b lo o d  
ceU t, I e . .  ery th .ri^cy tet.* , * J • ,  HhU# »r<rcury 
levels m  th e  b lo o d  u  a m u l t  o f  a ry lm c tc u ru l t a te  
even ly  d is tr ib u ted  be tw een  th e  plaam a a n d  t h r  te d  
b lo o d  c.-Ui, th e  a lk y lm c rc jr u l t  have a m u c h  
f r u t e r  a f f in ity  foe red  b lo o d  c c llt . Beigjund a n d  
Berlin* ** rep o r te d  th a t 9 0 %  o f  th e  n c th y lm e i-  
c u ry  p re tc n t in  th e  b lo o d  o f  a ll i p e a e t o f  u u c i i l s  
stu d ied  waa b o u n d  to  th e  red  b lo o d  cells. T hese 
a u th o n  a l to  n c u d  th a t th e  fra c tio n  o f  methyl* 
m e rc u ry  in  p lasm a varies a c c o rd in j to  th e  specses 
u  foU ow t. 1 0 *  tn n u n  a n d  ra b b its , 4  5%  m  rata , 
a n d  9%  ui th e  squ irrel m o n k e y . M oreover. the  
a lk y lm e rc u n a la  d iffer  {re ad y  f ic m  o th e r  m er- 
c n u l i  in  th e u  ab ility  to  p e n e tra te  th e  b lo o J  b n in  
a n d  pfacen ta l b a rn c t i  to  a tta c k  th e  c en tra l nervous 
t y i t r n  and  th e  fetus . Tr.ua, B eilm  and  U U b e r | 'a t  
r e p c i te d  O u t  IS  to  20%  o f  th e  to ta l m ercu ry  tn  
th e  b o d y  can  b e  fo und  in  th e  b ra in .

N o u te fu l co rre la tio n  fa c to r  h a t  be en  found  
b e tw ee n  th e  i n u i e  a n d  c o n c e n tra tio n  o f  m e icu ry  
u i ih e  u n n e  o r  b lo o d  a fte r  e a p o tu ic  lo  e lem en ta l 
o r  in o r p r u c  m e rc u ry  c o m p o u n d !. H ow ever, since 
m e th y lm e tc u ru l t  a ic  tlow ly  c lim in a ie j  fro m  the  
b o d y , m e rc u ry  I rv r l t  in  th e  b lo o d  can  b e  used  as 
an  in d e i  o f  ex p o su re  to  these  c o m p o u n d s . Foe 
ex am p le . T e jn if t |, # , ’ , , #  te p o r te d  th a t  “ norm al 
m e icu ry  level*" tn  a 21 y e n -o ld  m a n  w h o  n o n  
a ta  f n h  w ere  4 ri p p b  in  th e  b lo o d  c tU i. U ncrtg SB 
m e n  a n d  2S w o m e n  in  Sw e d en  w h o  a te  fn h  a t least 
c n c e  a week., th e  average m ercu ry  te v rl i  o f  th e  ted  
b lo o d  cells w et*  9  87 ppb  ;.->d 1 0 4 8  p p b , re ­
spectively . B lood  p lasm a level* w cte  a lto  h i |h c t  
th a n  T cjrung 's “ n o rm a l"  a t 2 .01 a n d  2 .8 'J . re ­
spective ly . Sum arl e l a l.iM  a n d  8 u k e  c l a l.1 1 * 
a J to  c o n iu m c d  th a t  (he  m e ic u ry  levels .*  the  red  
b lo o d  c c llt  and  p lasm a p r o n d e  a t le a n  a ua ltla - 
U*« d u p u s t i c  in d e x  fo i m c th y lm c rcu ry  tn tox jea - 
( to n .

METABOLISM AND TISSUE 
D ISTRIBUTION OF MERCURY 

COMPOUNDS
T h e  tw o  m a i l  i n  p o t u n i  d if f e re n c n  betw een  

th e  aryl* *nd a ikyL m crcury u i u  arc ihe  ra te  at 
w h ich  e ac h  a  e lim ina ted  fro m  ihe  b o d y  a n d  th e u  
ab ility  to  pen etra te  th e  b lo o d  b ra m  and  p lacen tal 
ba rrie rs  to  a tta c k  th e  b ra in  and  th e  ferua. O f  m eat 
im p o rta n ce  ts how  qu ick ly  th e  o r g u u c  m e icu ry  

p o u n d  can be m c ia b o lu td  in to  in o rp ru c  
m e icu ry  w hich  ts m o re  read ily  e x c te u d  fro m  the  
b o d y . A ry lm crcu ru l*  a rc  rap id ly  m tu b o i i r c d  by  
the  b o d y , w herea t ih e  m ore  m c tabo lK a ily  sufcle 
a lk y ln e rc u n a l*  m i l  d r p a d a t io n  u t io  inorganic 
m e tcu r j C la r k s o n "  * ih e o ru e d  ih a t pe rhaps the  

r ra sa n  th e  a lk y im c tcu ru la  c e  n o  ty n p to m a  u n til 
a fte r  a la ten c y  p e rio d  o l  one  t o  rw o  w eeks ts 
re la ted  to  th e  s low  r a t r  o f  m cub-^K* cleavage o f  
these c o m p o u n d s . T h ere fo re , th e  grea ter to x ic ity  
o f  the  o r p r .o m e r c u r u b .  especially  th e  a lky lm c t-  
c u ru ia , c o u ld  be exp la ined  largely b y  ih r t r  ( rc a te r  
a b so rp t io n  w ith  le u  f a c t i o n  a n d  c o n seq u e n t 
s ic r ig e  m  the  o rp ru sm .

M etabolism  and  'issu e  d u tn b u ito n  o f  th e  
various m e rc u ru ls  have be en  stud ied  by  m e an s o f  
rad ioacuve  I n c e s t .  W ith thua m e th o d , a co rre la tio n  
has be en  estab lished  b e tw ee n  th e  ip rcw *  c f  anim al 
le tte d , th e  adm in istered  m ercu ry  d o te ,  th e  m e r­
c u ry  b o d y  b u rd en , a n d  th t  l o o c  e ffec t*  o f  
se lec ted  in o r p r u c  and  organ ic  m ercu ria ls  M ore­
over. i t  h a t  aJto  been e itsM n h e d  lh a l n o t o n ly  ire 
o ip n o m e r c u n a ls  n o i m e ta b o l ite J  or th e  u w  
m anner as m o rp ro c  m ercu ry  c o m p o u n d * , b u t it 
a p p e a it th a t  th e  d is tr ib u t io n  o f  a ry l a n d  alkyl- 
m ercu rials in  v tn o u i  a ru m a lt i t  re la ted  lo  the ir  
d ifT e ttr .c n  in  m e tabo lism  F u i ih r rm o rc . Ihe  rate  
a l w h x h  c rp n n m r r c u r u U  arc  m c iab - lK a J ly  Jc- 
p a d r d  varied  a m -n g  d if fe re n t i p r o r t  o f  an irro ls.

D ilf r i r r w r i  u i t h t  m e ia b .l t rm  o f  a ry l and 
a lk y lm e tc u ru li h a te  be en  d e m o n s tra te d  in  v in o u s  
i f tv e iu p iio r u  o f  anim als. F o i ex am p le . a fte r  a 
sir-gfe d o te  o f  pheny lm ercu rsc  acetate  has te e n  
a d rru n itir f td  in tra v en o u sly , in r r im u w u la r l t .  i«r 
o raily . i t  a  rapidly m c la b o b ic J  lo  in o tp i u c  
m e r c u r y . i a * 4 i e - a i i  d a l n p U| l o n |h«

m e u b o lu r d  ph en y lm crcu iK  a c e u ie  in  e . . h  rv- 
p n u m  is very n rru lar lo  th a t  p to d jc e d  b y  m o t- 
p m c  m n c u ry  w ith  ihe  h tg h e it levrls fo u n d  in  the 
livci and  k id n e y s and u sually  n o  d e te c ta b le  levels 
in  ihe  b ra in . In  c o n tra i l .  S w m iso n  c t ai "  * found  
th a t a  single in tram uscu lar in /tu tto n  o l  m e thyl-

mercury d icy indurruc'e * u  u r i fo rm ly  d is tr ibu ted  
th roughout ihe i i o w i  o f  the B od y , and  o n ly  a 
* r r y  lit t le  » m  d e u c e d  us the t r u n  L a te r , the 
same a u t h o n " *  eiub'ushcd that when this 
a ik y lm .m u n x l » u  le p e a ie i ly  adm in istered . it  
caused an appreciab le accum u lation  o f  m e rcu ry  us 
the b rim

Ift v e ru p t ir  |  the d 'Stnbu ison . m eU b o la tm . and 
cacre tK ie o f  p henv lrvacu rsc  acetate and m ethy l* 
m ercury . G a p " *  found  that pheny lm e rcunc 
acetate is unchanged when it is absorbed in to  (he 
c ircu la to ry  t y n t tn  TKa p heny lr.e tcu rsc acetate a  
m etabob ied  by the liver and b dn eya  and excre ted  
in the frees and u nn e . m ost ly  a i in o rp ru c  m e r­
cury N o  m caiu rab lc am oun ts o f  m ercu ry  were 
found  in  rhe cen ira l n e rvous system . F u rth e rm o re , 
in case* where phroy lm cru tin c  acetate is co n ­
tinua lly  a d ro m r te t rd . a t iead y co nd ition  is 
rrsvhcd  a fte r app roxim ate ly 14 days Then the 
excre tion  o f  m ercury r . ra r ly  balance* ih e  in take . 
However, m tih y lm e ic u ry  accumulates os aD 
titswcf. p a r iK ' J i i ly  tn the ied b lo od  ce lls . Re- 
p e i i t J  dosr* o f  m e ih y lm ercu ry  p roduce n o  d ea r 
tn J k i t io n  lh a l a n ead y  .las* can be in c h e d  after 
6  weeks R a the r, the m ercu ry  levels in  ih e  brain  
in c ie»K  p io p e u iv e ly  In o rp n ic  m ercury is s low ly  
re in te d  fio m  tissue*. p n iK u ta rty  <n the in testines 
and m utc le t O a a i l .  how ever, m e ih y lrv e rcu ry  is 
much m ore s low ly released from  ihe tissues th in  
p licnylfTercuric a c c la lc , a r 4  ih e  subsequent 
m e lib ob im  o f  m e ih y lm n cu ry  in to  in o r fa ro c  mer- 
cu iy  is Ii*w The mayor ro u te  o f  r t c ie lr u o  u  us the 
feces

M ille r et «J * ' *  sdm m utc red  pheny lm e rcunc 
a u ta ie  in travenou sly , in iram u v u la r iy , and o r a lly  
t o  d uck s , ra tr . and d o p .  They fo un d  that the 
c o m p o u n d  it  abu tb e j uncharged w ith le u  than  
10%  u f  Ihe m iia l d o te  e x .re i rd  unmctabiNiaed in  
Ih e  u ir -e  The u rk h iP f r d  pheny lm e icu ric acc la te 
is u tn ip u i t e i  by ihe b lo iv j in to  ihe c u c u ls lo ry  
system w h irc  it  i t  c o n v t r t rd  .m o  us- u n ic  m e r­
c u ry  th rouph m etabo lism  in the liv e r c. cidncyt 
Th rn  i l  u  excrete 1 m  ihe fre e r and u nn * . 
M etabolism  m  Ih r  b u d .v p it l iv s tn n i th at w eie 
testeJ it u pm J F o r r u m p e .  pheny lm ercu rie 
a c e li ie  u  detcc iab le us ih e  sntTia) foe o n ly  9 6  h r 
•flee i l  is adm in isu icd  In  anoih ci it u J y . M ille r a t 
ai * "  adm irusieied e ihy lm e rvu n c  ch lo n d e  in u t  
m utcu la ily  and o ra lly  l o  ch icks and rata. One 
e p tn . ihe comfvaund was ah soib eJ unchanged by 
the ivipriitn. bu t in c o n t ra i l to  pheny lm e rcunc 
acetate, c thv lm e tcury i t  detectable us the liver and

k id n e y s  foe a t l e u i  21 d a y s , (a  a d i tu o a .  It w as 
e stab lish ed  th a t  e th y lm e rc u ry  w aa presen t to  a 
p e a t c r  t a u n t  its th e  d u c k 's  liver than  n  iU  
kadney , w hereas in  th e  r a t th e  a ik y lm c rc u n a i « o  
fo u n d  p e d o m iR a n tly  us th e  b lo o d  and  k idney . 
A lso . * h i r  th e  e x a c t io n  o f  m c m ir y  to  th e  r a t ' i  
u n n e  waa n o t i s  rapvd as fo r  p h e a y t m r n n c  
a c e ta te ,  th e  m ercu ry  lev tla  m  th e  r a t ' i  kidney* 
sh o w ed  a  n u k e d  inc rease  th a t in d ic a te d  a alow  
m e ta b o ’. c  c o n v e n io n  o f  e th y lm e rc u ry  to  ta o e p m c  
m e ic u ry . F u r th e rm o re , d ie  fccal e x a c t io n  o f  
e th y lm e rc u ry  w u  ra r u m a l.  a n d  o n ly  5% o f  -  * 
a m o u n t observed  us th e  p h e n y lm e rc u n c  a c e ta u  
s tu d y  w as c b rru n a teJ  d u r u i |  th e  7  d a p  a f t i r  IU 
tm u a l a d m n u o fi .

Ellas a n d  F a A |, , t  stu d ied  Ihe  d in u a j t to n .  
tna u c  a c c u m u a tto n . a n d  ce llu lar  in c o rp o ra tio n  o f  
m e rc u ry  us r a ts  th a t  rec e iv e !  o ra l dcae*  o f  m er- 
c u r e  a n d  p h c n y lm etcu rtc  a c e ta te . T h ey  show ed 
th a t  th e  h i ih e s i  co n ce n tra tio n *  o f  m e rc u ry  were tn 
th e  k id n e y s . foCow cd b y  th e  bve r, lu n g , and  heats 
in  de c lin in g  o ld e r. T h e  mayor ro u te  o f  excretion  
for b o th  d a is e s  o f  m e rc u ria ls  w u  v is th e  fece* 
w ith  o n ly  sm all a m o u n ts  e x c re te d  tn  th e  u n n e . 
T he a v e r t p  to ta l e x a c t io n  ta  o n e  w ee k  te ich e d  
9S  a n d  80%  o f  th e  adm in istered  do te *  o f  
ace ta te  >r»d ph e n y l-n e rcu n c  n e t a i e .  R u
T h r u  e lir .in iiK v i t s .u e i  shew  tb a t c S  i ^ i M h  
a  tm g le  d .n e  o f  p h e n y lm e rc u n c  i c t i a t W f t  
e x c re te d  t r  ih e  fece* a n d  u n n e  w hile  in  ihe  u m r  
pe riod  I 5 T  o f  th e  ir .o r p m c  m e rc u ry  w u  e u r e te d  
tn  th e  te c e t an  J  te tw e e n  I a n d  4%  u i th e  u n n a . 
T ..e  u m d a ri ly  m  if.ese  e x c re tio n  p a t tc m t w u  
te la ted  to  th e  rapv j m e tab o b c  c o n v e ru c n  o f  
p h c n / .m e r c u n c  i c e u t e  t o  m o r p r a c  m e rc u ry .

METABOLISM. D ISTRIBUTION.
AND EXCRETION OF 

METHYLMERCURY IN MAN
In  c id e r  to  e lucida te  th e  m e c h a n is m  o f  

m e th y lm e rcu ry  m e tib o lism  tn  m a n . rad tcuciiv t 
m e th y lm r tc u ry  w u  a d m m it i t r td  o ra lly  to  ih / ie  
male v o lu n te e rs  * * * ' ’ 1 '  W tihm  IS "run. the ir  red 
b ln o d  ce lls  a b s o r tx J  th e  c o m p o u n d , and the 
m ercu ry  a c c u m u la ted  in  th e  p iU cnis*  liv e n  and 
heads. T h r  I n e r t  and  h e ad s  a c c u m u la te d  abou t SO 
a n d  10% . r a  pec live ly , o f  th e  b o d y  b u rd e n  o f  the 
m e ih y lm e rcu ry  ru lra tc . The b ro ta p c a l  h a lf l ife  for 
m e th y lm e rcu ry  in  m an  w u  fo u n d  to  b e  betw een 
7 0  a n d  74  la y s .  T he m a in  e x c re to ry  ro u te  w u  the  
feces w ith  a b o u t Ji%  »n 4 9  day*. H ow ever, tha
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a l. Ibid, 15, 5IS (1979). Prepn o f W-form fdim idnyl th jena-: 
mycin : W . J. Leanza el al., J. Med. Chem. 22 , 1435 (1979); 
T . W . M ille r . Eu r. pal. Appl. 6639 (1980 lo  M erck *  Cr, ). 
C.A. 03, 155845y ( 1980); B. G . Christensen et al.. U .S . pa l. 
4,194,047 (I98C lo  Merck A  Co.). Eva luation  of In vitro and 
In viva activ ities: H . K ropp et a l .  Antitnicroh. Ag. Chemothcr 
17, 99.1 (1980). Comparative study vs gram-positive and 
gram-negative aerobic and anaerobic species and 0-lactam- 
ase s ta b ility : H. C. Neu, P. L ab lh a v ik u l. ibid. 2 1 , 180
(1982). P harm acok in e tics , b ac te r io lo g ica l e ffica cy . P 
Patamosucon. G . H . M cCracken, ibid 390

H„cr :

W hile  hygroscopic solid. [a ] f t  +82 T  (c = I 0 in water), 
u v  max (water. pH 4-8). 296.5 nm (e 7900). (pH 2): 309 
nm: (pH 12): 300.5 nm. Freely sol in water, sp aring ly  so l in 
methanol. In d ilu te  soln. stab ility  is optim al between pH 
6-7, dec lin ing w ith unusual rap id ity above that range Su s­
cep tib le to inactivation by d ilu te  so lns o f liyd roxy lum ine  and 
cysteine.

.S'-Form am idoyllhienam yein monohydrate,
.H jO . 6-(l-hydrox}ethyl)-J-[[2-f(im innm clhyllam inn]clhylJ- 
th io j- 7-oxo- l-a:abicvclo[3.2.0]hrpt-2-enr- 2-carbuxylic acid  
m o n o h yd ra te , th ie n a m y c in  fo r m a m id in e  m o n o h y d ra tr . 
M U-0787. M b  787, imipenrm, imipemide. C rys l from watcr- 
ethanol. [o)£,5 +86 8 (c = 0.05 in 0.1 M  phosphate. pH 7) 
uv max (water): 299 nm (< 967C. 98% N H jO H  ext).

THERat CAT: Antibacteria l
91 5 0 . Th iethazone . 2-[f4-[flF .lhylam inolcarbonyl)am i- 

no]phenyljmethylene]hydra:inecarbothioamide; l-e th y l-3 - lp -  
Jorm ylphenyliurea thiosemicarbazonr; ethy l urcidnbcnza ldc- 
hydc th iosrm 'carbazonc; thioethazonc Tehacyl C ,,H ,,N j-  
OS: mol w t 265.33. C 49.79%. H 5.70%. N  26.40%. O 
6.03%. S 12.09% Prcpd hem  ethyl th iocyanate * 4-airmio- 
bcnza ldehydc (hiosem icarbazone: B r i l, pat 672,370 (1952 
to  A . Wander).

h= c h — ^ KH00HHC,R2 5

Fine ye llow ish crysta ls , mp 220' (decompn).
TIIERap CAT: A n litubcrcu la r.
9151 . Th iethy lpcrszine . 2 -(F th y lih io l-10 -[3-<4-m ethyl- 

l-p ip e ra :in y l)p ro p y ljp h en o lh ia zin e; 3-ct h y lm e rcap lo - 10- 
(1 '-mcthylpiperazinyl-4'-propj Dphenothiazine. C j jH j ,N j -  
s , :  mol w t 399.62. C  66.12%, H 7.31%. N 10.51%. S 16.05*': 
Prepn. Bourquin et a l. Helv. Chim. Acta 41, 1072 (1958).

CH -CH -CH ,—  N I t - C M ,
\  /

saijOij

C rysta ls (rom acetone, mp b2-64‘ bp00, 227‘
D im alea lc. CJ0H ),N jO ,SJ. Foreran Malcate, Tornten. Trcs- 

ten. C rysta ls from methanol, dec 188-190*
D ihydroch lo ridc . C22Hn N jS2.2HCI. c ry sta ls  from  ethano l, 

mp 214-216*.
D im a la le , C22Hn N 2S2 2C4H ,O j. c rysta ls (rom ethanol, mp 

139*.
THERAP CA1. Antiemetic.
9152. T h ih c x ' io l. a-[4-tD ielhytam ina)cyclohexyl]-a-2- 

lhienyl-2-lhiopl.enem ethannl; 14-dim cthylam inocyclohcxylt- 
d i-2 -th ien y lm e th a n n l; o.n-dithicnyT-4-dimcthy lam inocy- 
dohex y l carbinol; Entoquel C '„ llu NOS2. nto l wt 321 51

C 63,5 V X r ,  H 7,iH7r, 14 A.30V1SW *.VB7u, 5 I D s ,

V iliam . U .S . pa l 2 .7 6 4 ,5 1 9  (1 9 5 6  to  Schcring )

KIOljIj

C ry s ta ls  from  benzene, mp 156-1ST.
M ethy l b rom ide . C nH yB rN O S j. c ry s ta ls  from ethane 

ether, mp 231-232* ♦
THERAP c a t :  M ethy l brom ide as unticholinergic
9153. Thlmcrfonatc Sodium. F.thyltx-mercap

u... oa.au ai.aarsMsv. »f* * 6 * ITlOj W1 W ll*  ■
C 21.79%. H 2.06%. Hg 45.50%. Nn 5.21%. O  lOg^L - 
14.55%. Prepn: W a ldo . J. Am . Chem. Soc. 53, 992 
Kharasch . U .S . pat. 1,672,615.

SO ,Ha '■'il

SHsCjHj $1

Powder, very sol in water. Fo rm s a stab le solution 
TIIERAP CAT: Top ica l anti- infective.
9154. Thimerosal. hthyl(2-mercaptobenzoato-S>.

sodium salt; [(o-carboxyphenyl)thio]eihylmercury tod,mm
sod ium  e thy lm ercurith io sn licy la tc ; thiomersalate 
th io la te : M erth io la te ; M crzon in ; M ertorgan;
C  I I  I lg N aO jS . mol w t 404.84. C  26.70%, H 2.24V tig 
49 55% Na 5 68%. O 7.90%. S 7.92%. Prepd by r e * * , ,

J i ..,_______ ... -vi—,de (or e th y lm ercunc hydroxidei « q
Kharasch . U .S . pat. 1,672,615 (192f t  

T r ik o ju s . N ature 158. 472 (1946);  ------ *

I

th io sa licy lic  acid:
Chem. 39, 371(1960).

Sw irskn et al.
C.A. 55, 3507a (1961). rT="*W
COONa

SRacttjCttj

Cream-colored, c ry s l powder. S tab le in air. but aea »  
sun ligh t. One gram d isso lves in abou t 1 m l water, in 
8 m l a lcoho l. P ractica lly  inso l in ether and benzene 
zation  of so lu s w ith  ED TA : D avisson , U .S . pal 
(1958  to l . i l ly  1 pH o( 1% aq so ln: 6 7. L D u i c  u i n u  
mg/kg. Mason ct a l .  Clin. Toxicol. 4, 185 (1971) J.

T IIE R a p  c a t ;  Topical anii- in(cctive: pharmaceutic ud tp*> 
serva livc) .J.

THERAP CAT tv n i:  A n tiba c te ria l, an tifunga l —topical
9155. Th ioacc ta ldchydc . 2.4.8- Trimethyl-s-triihmac t v  "; 

th toacc la ldehyde CtH 12Sj: mol wt 180.35. C 39VJV8 
6 71%. S 53 34% Occurs in o- and 0-forms. Prcpe £■» 
mann . F tom m . Ihr. 22, 2600 (1889); Fromm . Eagkr (Re 
58,1916(1925). M o lecu la r stru ctu re  Hassel.VKrvofi.4oti 
Chem. Scand  1, 164 (1947). Stereochemistry': ScKleSxft 
Barakat. J. Chem. Soc. 1947, 693

3'-^'s ' Y ' CH3

fi-porm . mi<ni>clinic p lates, mp 101*

Page 1334 Consult the cross index b tjorc using this section.
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04%- «  1 0 .4 „

0 .8 70 , bp i j a * tin I in water;

|f ,he r“ ^ ° n  o T ^ «  j
npcnt o d o r, d ]1 t rn. V 
2 In so l in w ater;'^ 1- •»
uution: Vapors irrii*^

trthxlbutonoic acid n j I
c  6 4  58% . H  10 .84<  0  i
’  d g  0 .8 6 8 . bp US ’. * 

t 3 5 0  pa rts water. m iw ? i
.  ,  ' on lccttonery and beven*^

rotvpropanoic acid ethyl t 
C .H 1()Oj: mol wt IU .|)  
H jC H O H C O O C jH ,. -  I 
odo r, d l*  1.042. bp l *
,  | 1 7 ' F ( 4 r C ) .  M i* * !
1, a lc o h o l, ether. Ke\p ^  |
I,.sc and  cellu lose a c o^  ,
in iiir acid ethyl esttr. r ,  i  
v . .  H  12 .36% , O  U .o t {

,6 3 *
n/Kiitanaic acid ethvl 
>1-,. H  8 39% . O  33.3*

"if 1-4229. Freely id  ̂

Dctadccadienoic arid — . 
wt 308.49% . C 7 7 .J ?  

rom  su n flow e r seed «* 
I I I .  5 26  f 1955); ^ 2  

f t  1955). ^

, (ch2 ; cooc. k,/  « ' Z s

I’ ox ida tion  lliun Imcfc* 
193*. bpu  175-: bp,_ 

in- va lue 162.5 Mitota 
it ', o ils .

hlurn-$-12-fluoruphrtylr 
oiepine-3-carboxylu ted  
jo i  i,pheny l 1-2,3-diliydr». 
c a rb o x y la lc ; CM -6912 

360 .77  C  59 .93 " . D 
-• O  13.30%. Benzods 
I’ li J. Hellerbach n at 
S . pat. 3 ,657 ,223  <1970. 

Analysis in plasnu u t  
Hu rtled. M a n  Spectnxt 

la h u li le v  J. P. Cano. J 
ivulogic evaluaiion 0 
nl 7 her. Toxicol. 19,453

H a m m

( YrM from  ether, m p  19 3 -194 ’ .
« a i o  c x i T ranqu ilize r (m in o r).
jTiT. ,V-Eth>lmalelmicle. J - £ M v / . , ,

<  M.NX7, m o l Wt 125.12. C  57.59%'. H  5  ;
/ t t -  f r e p d  by heating .V-ethylmaleani,c acid ' Oy C6em 5bc. 1949, 1JI5 ln paraffin

C;H ,

’C f 1

rn -u a ix  mp 45 '. L ac rim a to r when liqu id .
. «  Ir. cancer research (possib le an tim itotic activity ) 

Strong irritant
Propanedioie acid diethyl ester;j-*j  Ethyl .Malonate.

**%-.( malonate. m a lon ic  ester. C jH |20 4; n io l wt 160 17 r-
- ^ .  H  7 55% . O  39 .96% . C ^ / y o c C l . i c ' o o c , L- -      _Sc  r^-

p~rd ,r
ehloroacetic acid and sodium cyanide fo llow ed

„  ^ m fu a i io n  With ethano l and H ,S 0 4 L . G aite rm ann 
r Wwund praxis des Orgamschen Chcmikers I de G ru v le r 

4.>h e d . 1961) pp 220 -221 . t r u s t e r .
I« s»d  S lightly a rom atic , pleasant odor, d 1.055. bp 

rm \v r  h p ,  95'. mp - 5 0 '  nff I 4143. One gram  dis- 
in about 50 ml o f water. Mtsciblc with a lcoho l, ether 

, „  Manul o f barbiturates.
j""** E tb y lm c rc u r ic  C h lo r id e . Chloroethvlmercurv: 

.^ .w a r .  C jH jC I I lg i  m o l Wl 265 13. C 9 0 6 % ‘. I I  1.90% . 
C 11 t-% . Hg 75 .66%  C H yC H jH gC I. Prepd from  ethy l - 
. ^ u r v  bromide by treating with m clhano lic K O H . fi lle r - 
„  tnd neutrahzmg with H C I: S lo tta , Jacob i. J. Prakl.
, w— [2 1 120. 249 (1 9 2 9 ) Prepn from  H gC lj and tetraethyl 

Whclen. Advances in Chemistry Series 23 . entitled 
Oryjm, Compounds (ACS. W ashington. D .C .. I9 6 0 ) 

„  i ; . ae For the prepn o f the brom ide from  cthylmagncst- 
*„r bromide and mercuric brom ide see S lo tta , Jacobi, loc. 
m VOrxel el a l. J. Am. Chem. Soc. 47 , 3 0 09  (1925 ). Re- 

Krause, son G rosse . Die Chcmie tier Metall-organi- 
,« * -  I erb.nJungt-n (B e r lin . 1937).

x»lu*r u lsc rs leaflets from  ethano l, mp 192' Sublimes 
^  , Solubility in water a l 1 8 '=  1.4 >: 10 * g i  100 n il. at 

2 ‘  ■ 10 4 g . 100 m l. tn ethanol at 18' 0  75
I ai 7 j r  si 3.5 g 100 g: in ch lo ro fo rm  at 1 8 '^  2 6 
t  Slightly sol in ether.
Applied at 2% strength (so ln  o r mixed with so lid s ) as 

.  btngKidr lo r treating seeds Caution H igh ly  tox ic  
« ~«rs shir, burns is absorbed through the skin C b r mic 

•r has caused permanent in ju ry  to brain . Sot? A 
*na!»»f chloro- (2-mt thoxxcthylimrrcurx, Cercsan H a. 

• *;v uvcvl as seed fungicide.

» r  
« 1,1 
i *IV

fP O . \-<F th> lm crcu ri)-p *to lucnesu lfonnn ilidc . Ethyl- 
-4 mrthit- \-phenylbrnzcncsulJitnamidato-\)mrrcury; ethyl-
•' p k m it■ p’ toluennul/onum idolinercury: Ccresan M . 
8 ri l » \ ( ) fS m o l wt 4 75  99. C  37 .85% . H 3.b0% 
t : i « ' .  N 2 9 4^ . O  6 72% . S 6 74%

-is*Hg

* Pungent od o r, somewhat reminiscent o f garlic
P~*htawA!!\ inshd in waler L I ) ^  o ra lis  in rats 100 mg kg. 

buh\Unee\ List. H  i l Christensen. Ed (1 9 7 3 ) p 585.

• t>. -
USE: T o  c on tro l the various amuts which befa ll g ra in . Re* 

duces bu lb  ro t in g lad io lu s . Caution; A lm ost as toxic a i 
m ercuric  c h lo rid e  (q.v.J; less irrita ting  to  the skin than e th y l 
m ercu ry phosphntc. Sym ptom s confined to  C N S  and c o n ­
sist o f deafness, a tax ia , d ysa r lh nn . progressive visual d e te ri­
o ra tion : dysphag ia: sph inc leric incontinence, mental c o n fu ­
s ion . s tupo r, dea th : G leason  t l  al.. Clinical Toxicology o f  
Commercial Products (W illiam s  & W ilk in s , Ba ltim ore , 3 rd  
ed.. 1969 ) p 68 . sect. I I .

3 7 7 1 . E th y l M c th an c su lfon a tc . Methanesul/onic acid  
ethyl ester;-ethyl m ethancsu lfon ic  acid; e thy l mesylate; E M S : 
N S C  2 6805 . C jH .O jS ; m o l w l 124 .15 . C  29 .02% , H  6 .49% , 
O  38 66% . S 25 .82% . C H ,S O ,O C H ,C H j. P repn : O . C . B i l-  
le tcr. Per 3 8 , 2 0 15  (1 9 0 5 ) Mutagenicity studies: T . A ld e r- 
son. Aaturc 207 , 164 (1 9 6 5 ) ; J B. Jenkins, Mutat. Res 4 , 90  
(1 9 6 7 ) . A  P . Scha lc l. ibid 4 9 , 313 (1 9 7 8 ). Review o f c a rc in ­
ogen ic ity studies: IA R C  Monographs 7 , 2 4 5 -2 52  (1 9 7 4 ) .
Review o f com parative mutagenicity o r EM S and m ethyl 
m e lhanesu lfonate , q.v..- S. R o n d o , Environ. Sci. R es 2 4 , 
74 3 -7 8 5  (1 9 8 1 ) 

l.tqu id , b p .4l 2 1 3 -2 1 3 .5 ' . b p 10 85 -86 ’ . d j l  1.1452.
LSI E x p t lly  as mutagen
37 7 2 . E th y i M e th y l E th e r. Meihoxvethone; m ethyl ethy l 

ether. C jH .O . m o l w l 60 .09. C  59.96% , H 13.42% . O  
26 62%. C jH jO C H j.

L iqu id . d§ 0.725 . bp  10.8*. So l in water; m iscib le w ith 
a lc oh o l, ether.

37 7 3 . E thy lm ethy lth iam bu tene . ,V-E thyl-S ,l-d im tthy l-
ill- 2-thicnyl- 2-pro pen am ine; A'-ethyl-AM -d im e thy l-3 .3 - 

d i- 2 - th ic n y la lly la n iin e : 3 -e th y lm e th y la m in o - l . l-d i (2 ' - th i -  
c n y l)b u t - l - e n e . e th y ltn c th inm bu ten e ; IC 5 0 ; N IH - 5 1 4 5 ;  
Em c lh ib u lin . C lsH | ,N S , ;  m o l wt 277 .46 . C  64 94% , H  
b 9 |% .  N  5 .05% . S 23 .11% . Prepn : A dam son , U .S . pat. 
2 .5 6 1 ,8 9 9  (1951  to  B u rroughs W ellcom e). T ox ico log y : N . 
B  Eddy . D . Le in ibach . J. Pharmacol. Exp. Ther. 107 , 3 8 5  
(1 9 5 3 )

CH..! ^ CH«CHCHN^
k  S C2H5

.1

bPooi 110 -113 '. b p „  75-76*
H y d ro c h lo r id e . C , jH „ N S ,  H C I. c ry s ta ls , m p 137-138* . 

L D m in m ice 192 m g 'k g  o ra lly ; 88 m g /kg  s.c., N . B. Eddy , 
D  Leim bach. loc. cit.

Caution: Abuse leads to  habituation o r  addiction.
TIIERAP cat . N a rco tic  analgesic.
3774. E th y lm o rp h in e . 7,h-l)idchydro--l,$-epoxy-3-eth- 

nx v -17-m cthvlm orphinan-6-o l. C | , l l u N O ,; m o l wt 
3 )3 .3 8  C  7 2  82'';. H  7.40%.. N  4  47% , O  15 32% . P repd  by 
e thy la tion  o f m orph ine  Batzer, E lln e r. J. Am Pharm. Assoc. 
39 . 581 (1 9 5 0 ) . O o rcck i. ,-fnn Pharm (Poznan)!. 21 (1 9 6 9 ) .

c.,n,o
* -  ' r  "1

A /y  
110 L\ /

C rysta ls  from  e th an o l, mp 199-201 '.
H yd roch lo rid e  d th yd ra le . C ',,H MC IN O j 2H jO , Codcthyl- 

inc. Dionin. W h ile  to  fa in tly  yellow  eryst powder, mp about 
12?' (dec ): anhyd rou s fo rm , m p about 170' (dee). One gram  
dissolves in 10 m l water and in 25 m l a lcoho l s ligh tly  so l in 
c h lo ro fo rm , ether L IJ  s c . in mice 200  m g /kg , RTEC S  
V o l. I I ,  R . J. Lew is. R  L T a tken . Eds ( |9 7 9 )  p 98.

M eth lod tdc . C I J61 N(>3. ethyl-S-methylmorpliinium io­
dide. Tnnhyi.

Caution Abuse leads to hab ituation o r addiction

Consult the cross index before using this sttlion. Pflgt 553
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Life Gets Better

A 1986 survey hy T he  (iallup Poll 
indicates that o n ly  31 pe rcent 
o f  Americans now  say they 

s m o k e — the smallest pe rcen tage  o f  
the adult  popu la t ion  since  the  survey 
ocgan  in 1944. At tha t time, 41 p e r ­
cent o f  the A merican p o p u la t io n  
sm oked , Sm oking  reached  a high in 
1954, w h en  45 percent o f  th e  pop u la ­
tion sm oked. T h e  rate o f  sm oking  has 
been  steadily dec lin ing  since  the  late 
sixties.

A recent s tu d y  o f  th e  Nielsen rat­
ings m ad e  by th e  National Coalit ion  
on  Television Violence (n c tv )  show s 
that th e  popu lar i ty  o f  p r im e t im e  t v  
vio lence  is at its lowest po in t  in 20  
years. This year  only o n e  ac t ion  p ro ­
gram is in the  r v  top  2 0 .

Nctv believes that this trend is a 
result o f  increased public awareness 
o f  tv vio lence and the resurgence o f  

jh e  nonvio lent situation comcdv.

A Larger View o f Abduction
-bat are the rea l num bers  
b e h in d  the “ missing ch i l ­
dren" statistics? In 1984, the 

FBI listed 350 ,000  cases o f  missing 
children. O f these, it turns out that 67 
were actually k idnapped  by strangers. 
The  rem ain ing  children  w ere  e i th e r  
abducted by paren ts  o r  relatives 
engaged in cus tody  battles o r  else 
were runaways.

T he  American Academy o f  Pedi­
atrics n o w  cautions th a t  f ingerpr in t­

i n g  an d  other child identification p ro ­
grams are o f  limited value and  tend  to 
create unhea lthy  and  unnecessary  
anxiety. Parents may be transm itt ing  
fears o f  s tranger ab duc tion  to  the ir  
children, and  arc advised to  consider

the "w h o le  s to ry"  o f  the missing chil­
d ren  statistics a n d  the  possibility  o f  
suppress ing  the  child 's  deve loping  
social skills. (P ediatrics. 78: 369)

In add i t io n ,  the  "excessive and  
fr igh ten ing” use o f  p h o to g rap h s  o f  
missing ch ild ren  on  milk cartons, 
posters, a n d  sh o p p in g  bags has been 
u n d e r  ques tion  by a congressional 
panel. Misleading statistics, bu reau ­
cratic infighting, and  increasing n u m ­
bers o f  businesses h o p ing  to profit  
from parental fears are un d er  scrutiny. 
“ Public awareness has b ecom e public 
hysteria," says th e  executive d irec tor  
o f  a group called Services for the Miss­
ing. (H ousto n  C hronicle, sect. I, p. 3. 
5 Aug 1980)

Vaccine Update
onfus ion  su rro u n d s  the  vacci­
nation  ques t ion , and  the  de- 

 ̂bate continues. Some illnesses 
that we routinely vaccinate against are 
v irtually  nonex is ten t  in this country. 
D iph ther ia  is apparen tly  absent from 
th e  United States, w ith  no  cases 
rep o r ted  in 1986. O nly  three cases 
h ad  been  rep o r ted  in the  tw o years 
p rev ious to  that. Reported  tetanus 
cases totaled 61 in 1986, and  only tw o  
cases o f  paraly tic  poliomyelitis  were 
rep o r ted  in 1986.

Pertussis, however, desp ite  near 
universal vaccination, was m ore  
prevalent in 1986 than  in any year 
since  1970. T he  1986 total nu m b er  o f  
pertussis  eases was approxim ate ly  
4 .5 0 0 ,  w ith  nearly a third o f  th e m — 
1 .300  cases— reported in a major o u t­

break in Kansas. (All 1986 statistics 
c ited  above are from  the provisional 
da ta  com piled  by the  Centers for Dis­
ease Contro l an d  repo r ted  in Vaccine 
B u lle tin . Feb 1987, pp. 11-12.)

This outbreak o f  pertussis in Kansas 
o ccu rred  in a highly im m unized  
p o p u la tion :  “ Som e 90 percen t o f  the  
pertussis  pa tien ts  w h o se  im m uniza­
tion status was know n, appear to have 
b een  adequate ly  im m unized ."  ( Vac­
c in e  B u lle tin , Feb 1987, p. 11) The 
outb reak  affected all age g ro u p s— 
from  0 to 79 years— w ith  m ost cases 
c o n cen tra ted  in th o se  u n d e r  2 0  years

o f  age. More cases than  would  usually 
be  expec ted  occu rred  in th e  five to 
n ine  age group, and  less than  would 
be expected  occu rred  am ong  infants.

Vaccine com plica tions  con tinue  to 
receive national press coverage. Some 
a tten tion  has been  given to th e  devel­
o pm en t o f  a different type o f  vaccina­
t ion  for pertussis, o ne  that is associ­
ated w ith  fewer vaccine-related com ­
plications. T h e  pertussis vaccine 
curren tly  in use in this co u n try  is a 
w h o le -ce ll vaccine, w h ich  contains 
dead  pertussis  to x in — that remains 
b iologically  active after the  bacteria 
that secrete  it have been  k il led—as 
well as endo to x in ,  a protein  secreted 
by a virus o r  bacteria that can, in large 
enough  quantities, affect the  brain or 
p ro d u ce  shock. D eveloped several 
years ago in Japan ,  the  r/ce/Zzt/ar per­
tussis vaccine has all o f  the  bacteria 
an d  m ost o f  th e  toxins removed or 
rendered  harmless, and  is considered 
m ore  pure  and  specific. Although the 
acellular vaccine m ust undergo  test­
ing in this coun try  and physicians will 
no t have legal access to it for two to 
th ree  years, so m e  physicians w h o  are 
concerned  about side effects from the 
w h o le -ce l l  p repara t ion  are using test 
ba tches o f  th e  new  vaccine for their 
o w n  children o r  arc traveling to Japan 
o r  H ong Kong to have their  children 
vaccinated . ( The N ew  M exican, 5 
April 1987)

Two preliminary studies o f  the acel­
lular vaccine in the  United States 
sh o w  prom ising  results. Vanderbilt 
University School o f  Medicine and 
th e  UCLA School o f  Medicine have 
thus far conduc ted  studies on  80 chil­
d ren  from  18 to  24 m on ths  and from

>•
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four to six years o f  age. Both age 
groups show ed  an tibody  p ro d u c t io n  
comparable to the o ld  vaccine, but far 
fewer adverse reactions in term s o f  

• fever, fretfulness, ab n o rm a l  gait, a n d  
I T  redness, tenderness, an d  swelling at 

the vaccination site. (H ealth/acts, vol. 
XI, no. 90, Nov 1986)

Among the  no n -C o m m u n is t  c o u n ­
tries, only the United States, Australia, 
and Iceland have m andatory  pertussis 
vaccination programs. And yet, the  
pertussis inoculation is the  m ost toxic 
of all protective vaccines routine ly  
given to child ren  in  the ir  first five 
years of  life. Each year, this vaccine is 
linked to the deaths o f  at least 4-1, and 
possibly as many as 9 0 0 , o th e rw ise  
healthy children. It also causes m ore  
lasting brain dam age th an  w h o o p in g  
cough w ould  if ch ild ren  were  not 
immunized. Most o f  th e  w h o o p in g  
cou b in America n o w  occurs  in vac­
cinated children o r  in those  too  young 
to immunize. (T ie  N e w  M e x ic a n , 5 
April 1987)

Both Sweder. a n d  Jap an  experi­
enced an increase in cases o f  w h o o p ­
ing cough after d iscon tinu ing  mass 
whole-cell vaccination programs. 
Japan, now  using th e  acellular vac­
cine and waiting  until tw o  years o f  
age to begin vaccination, has w it­
nessed a dram atic  dec line  in bo th  
minor and severe reactions to the  vac­
cine and in cases o f  w h o o p in g  cough  
in general. (The P eop le’s  M ed ica l 
Journa l, Dec 1986)

Many questions rem ain  to be 
answered regarding th e  re la tionship  
between vaccinations and  the  decline 
of an illness in the general popula tion  
over time; the  effect o f  vaccinations 
on the im m une system; and  the  safety 
of administering par t icu la r  vaccines 
in a country  in w h ich  diseases from 
the conditions vaccinated against are 
on the decline  and in w h ich  large 
numbers o f  vaccinated  p e o p le  still 
contract the disease.

V Meningitis Vaccine Update
■' - y n  issue # 3 9 , we p r in ted  a letter 

§ from a reader  inquir ing ab o u t  the 
jL H ib  vaccine, licensed in the United 
States in April 1985 to pro tec t  against 
the leading bacterial cause  o f  menin- 

( gitis. Since then , m ore  research has 
shed light on the  p rob lem  an d  o n  the

vaccine. Two recent studies have c o n ­
c luded  that H e m o p h ilu s  in f lu e n z a  
ty p e  b d o es  not seem  to sp read  from 
child to child as readily as doctors sus- 
p e ' t e d .  (N ew  E n g la n d  J o u r n a l  o f  
M edic ine)  Earlier studies indicated 
that the  infant b ro thers  o r  sisters o f  a 
ch ild  w i th  m eningitis  are up  to 400 
times m o re  likely to contrac t this ill­
ness; however, o n e  o f  the more recent 
s tud ies  sh o w e d  that only  o n e  child 
o u t  o f  5 87  w h o  had  regular contact 
w ith  an  in fected  todd le r  w ent o n  to 
deve lop  th e  illness.

Vaccine failure is also being investi­
gated. Work is under way to determine 
w hy it is that som e children w ho  
receive the  preparation go on  to 
develop meningitis. (New E ngland  
J o u rn a l o f  M edicine J l  5. 18 Dec 1980)

When the Chips Are Down

Several microelectronics firms are 
n o w  offering  the ir  p regnan t  
em ployees  th e  o p p o r tu n i ty  to 

transfer ou t  o f  p ro d u c t io n  areas 
w here  they m ay be exposed  to ch e m ­
icals a n d  gases. AT&T has taken this 
o ne  s tep  further:  as o f  Jan u ary  1987, 
they n o  longer  a llo w  p regnan t 
w o m e n  to w o rk  o n  se m ico n d u c to r  
p ro d u c t io n  lines.

This co n c e rn  in the c o m p u te r  
m anufac tu r ing  indu s try  was sparked  
by a University o f  Massachusetts at 
Amherst s tu d y  co n d u c te d  since
1984— but not yet formally published 
— on  em ployees at Digital Equipment 
C o rp o ra t io n ’s M assachusetts plant. 
Results show  that w om en  in the micro-

All w e  can  co n c lu d e  at this p o in t  is 
that con tac t  w ith  m eningitis  is less 
" r isk y "  th an  was fo rm erly  believed; 
tha t the  o th e r  causes o f  m eningitis  
(such as p n eu m o co ccu s ,  m e n in ­
gococcus. so m e  viruses, and  o th e r  
agents) are not inocula ted  against in 
the  curren t  vaccine; that the  Hib vac­
c ine  is no t effective in the u n d e r - tw o  
age group, in w h ic h  75 percen t  o f  all 
m eningitis  cases occur;  and  that the  
cu rren t  vacc ine  will not protec t all 
ch ild ren  w h o  receive it.

chip e tching area had nearly tw ice the  
m iscarriage rate ( 3 9  p e rcen t  in the  
first tr im ester) found  in th e  general 
population (10 to 20 percent). (Science 
N ew s, vol. 131, no. 5, 31 Jan  1987) 

Although the  researchers insist that 
th e  Digital ctu d y  d o c s  no t prove  a 
causal re lationship be tw een  ch ip  p ro ­
duction and  miscarriage, anu although 
they are calling for  “ m o re  extensive 
exposu re  m easurem ents ,"  th e  indus­
try 's  sensitive re sp o n se  to th e  data 
accum ula ted  is to  be c o m m e n d e d .

Mothering. Summer 1987 81
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IMPORTANT INFORMATION ABOUT

$

POLIO AND ORAL POLIO VACCINE 
Please read this carefully OP 3 /1 /8 3

WHAT IS POLIO? Polio is a virus disease lhal may cause 
permanent crippling (paralysis) and occasionally death. 
There used to be thousands of cases and hundreds of deaths 
from polio every year in the United States. Because of the 
widespread use of polio vaccines, which became available 
beginning in the mid-1950’s, polio disease has nearly been 
eliminated from the United Stales. Although thousands of 
cases continue to occur each year in the rest of the world, in 
the United States during the past 5 years there have been 
only 67 cases of polio reported, an average of 13 cases per 
year. Our success in preventing the spread of wild polio virus 
has been so great that most of the recent cases 
(approximately nine per year) have resulted from the rare 
side effects of oral polio vaccine (see below). Because of this 
fact, some people have asked why we should continue to use 
polio vaccine. The reason is that, even though we may not 
have much wild polio virus spreading here now, there is so 
much of it in the rest of the world that there is a great risk of 
its being reestablished if our children are not vaccinated.

ORAL LIVE POLlO VACCINE: Immunization with oral 
live polio vaccine (OPV) is one of the best ways to prevent 
polio. It is given by mouth starting in early infancy. Several 
doses are needed to provide good protection. Young children 
should get (wo or more doses in the first year of life and 
another dose at about 18 months of age. An additional dose 
is important for children when they enter school or when

there is a high risk of polio, for example, during an epidemic 
or when traveling to a place where polio is common. The vac­
cine is easy to lake and is elTeclive in preventing the spread 
of polio. In over 90 percent of people, OPV gives protection 
for a long time, probably for life. Because OPV viruses live 
for a time in the intestinal tract of the person who is 
vaccinated, some of the viruses pass in the stool and can 
spread from the vaccinated person to those in close contact 
(usually household members). This may help to immunize 
these persons and is one of the advantages of OPV. The Im­
munization Practices Advisory Committee of the Public 
Health Service and the American Academy of Pediatrics 
recommend oral live polio vaccine as the preferred polio vac­
cine for people up to the 18th birthday.

POSSIBLE SIDE EFFECTS FROM THE VACCINE: 
OPV very rarely (once in about every 8.1 million doses of 
OPV distributed) causes paralytic polio in the person who is 
vaccinated. The risk may be slightly higher in adults being 
vaccinated and substantially higher in persons with abnormal­
ly low resistance to infection. Also very rarely (once in about 
every 5 million doses of OPV distributed) paralytic polio may 
develop in a close contact of a recently vaccinated person. 
Even though these risks are very low, they should be 
recognized. The risk of side elTects from the vaccine must be 
balanced against the risk of the disease, both now and in Ihe 
future.

(PLEASE READ OTHER SIDE)



PREGNANCY: Pdlio vaccine experts do not think oral 
polio vaccine can cause special problems for pregnant women 
or iheir unborn babies. However, doctors usually avoid 
giving any drugs or vaccines to pregnant women unless there 
is a specific need. Pregnant women should check with a 
doctor before taking oral polio vaccine.

W ARNING-SOM E PERSONS SHOULD NOT TAKE 
ORAL POLIO VACCINE WITHOUT CHECKING 
WITH A DOCTOR:

•  Anyone with cancer, leukemia, or lymphoma.
•  Anyone with a disease that lowers the body’s resistance 

to infection.
« Anyone taking a drug that lowers the body’s resistance 

to infection, such as cortisone or prednisone.
o Anyone who lives in the same household with anyone 

who has one of the conditions listed above.
•  Anyone who is sick right now with something more 

serious than a cold.
•  Pregnant women.
•  Most persons age 18 and older because adults have a 

slightly bigger risk of developing paralysis from oral 
polio vaccine than children (However, if the risk of 
polio is increased-as may occur, for example, when 
there is an outbreak in your community-most polio ex ­
perts recommend that unprotected persons receive 
oral polio vaccine regardless of age.)

NOTE ON INJECTABLE (KILLED) POLIO VACCINE:
Besides ihe oral polio vaccine (OPV), there is also a killed 
polio vaccine (IPV) given by injection which protects against

PLEASE KEEP THIS PART OF THE INFORMATION SHEET FOR YOUR RECORDS

/  have read the information on this form  about polio and the oral vaccine, t  have had a chance to ask questions which were answered to 
my satisfaction. I believe I understand the benefits and risks oj oral polio vaccine and request lhal il be given to me or to the person named 
below fo r  whom / am authorized to make this request. O P 3 / 1 / 8 3

FOR CLINIC USE

Clinic Went.

Dote Vaccinated

Manuf.and Lot No.

S ite o f In jection

FOR DATA PROCESSING USE ONLY (OPTIONAL)

VACCINE H ISTORY: 
LT P :

PLACE CHECK CD IN BOX IF H ISTORY PREVIOUSLY SUBM ITTED
M EASLES: M UM PS:

m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr

POLIO : RUBELLA:
m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr

. . ,  i

INFORMATION ON PERSON TO RECEIVE VACCINE (P lease  Print)

Last Name First Name Ml B irthdote Age

Address

City County S ts to Zip
1
X____________________________________________________________________
Signature o f person to  reco ive vaccine o r Date
person authorized to  m ake the r e q u e a t . _____________________________________

polio alter several shots. This killed polio vaccine has no 
known risk of causing paralytic polio. Because OPV may pro­
vide lifetime protection, seems to provide stronger immunity 
in the intestinal tract (where infection first occurs), is simpler 
to administer, and is more effective in preventing the spread 
of polio virus than IPV, most polio experts feel that oral vac­
cine is more effective for controlling polio in the United 
States. Injectable polio vaccine is recommended for persons 
needing polio vaccination who have low resistance lo serious 
infections or who live with persons with low resistance to 
serious infections. It may also be recommended for previous­
ly unvaccinated adults who plan to travel to a place where 
polio is common or for previously unvaccinated adults 
whose children are to be vaccinated with OPV. It is not 
widely used in this country at the present lime, but it is 
available. If you would like to know more about this type of 
polio vaccine, or wish to receive this vaccine, please ask us.

QUESTIONS: If you have any questions about polio or 
polio vaccination, please ask us now or call your doctor or 
health department before you sign this form.

REACTIONS: If the person who received the vaccine gets 
sick and visits a doctor, hospital, or clinic in the 4 weeks after 
vaccination, please report it to Che f a c i l i t y  w h i c h  
p r o v i d e d  t h e  v a c c i n e .



ABOUT MEASLES, MUMPS, AND RUBELLA 
AND MEASLES, MUMPS, AND RUBELLA VACCINES

WHAT IS MEASLES? Measles is ihe most serious of the 
common childhood diseases. Usually it causes a rash, high 
fever, cough, runny nose, and watery eyes lasting 1 to 2 
weeks. Sometimes i' is more serious. It causes an ear infec­
tion or pneumonia in nearly 1 out of 10 children who gel it. 
Approximately 1 child out of ever, 1,000 who get measles 
has an inflammation of the brain (encephalitis). This can 
lead to convulsions, deafness, or mental retardation. About 
2 children in every 10,000 who get measles die from it. Mea­
sles can also cause a pregnant woman to have a miscarriage 
or give birth lo a premature baby.

Before measles vaccine shots were available, there were 
hundreds of thousands of cases and hundreds of deaths each 
year. Nearly all children got measles by the time they were 
15. Now, wide use of measles vaccine has nearly eliminated 
measles from the United States. However, if children are not 
vaccinated they have a high risk of gelling measles, either 
now or later in life.

WHAT IS MUMPS? Mumps is a common disease of 
children. Usually it causes fever, headache, and inflammation 
of the salivary glands, which causes the cheeks to swell. 
Sometimes it is more serious. It causes a mild inflammation 
of the coverings of the brain and spinal cord (meningitis) in 
about 1 child in every 10 who get it. More rarely, it can cause 
inflammation of the brain (encephalitis) which usually goes 
away without leaving permanent damage. Mumps can also 
cause deafness. About 1 out of every 4 adolescent or adult 
men who get mumps develops painful inflammation and 
swelling of the testicles. While this condition usually goes 
away, on rare occasions it may cause sterility.

Before mumps vaccine shots were available, there were 
more than 150,000 cases each year. Now, because of the 
wide use of mumps vaccine, the number of cases of mumps

is much lower. However, if child: en are not vaccinated, they 
have a high risk of getting mumps.

WHAT IS RUBELLA? Rubella is also called German 
measles. It is a common disease of children and may also 
affect adults. Usually it is very mild and causes a slight fever, 
rash, and swelling of glands in the neck. The sickness lasts 
about 3 days. Sometimes, especially in adult women, there 
may be swelling and aching of the joints for a week or two. 
Very rarely, rubella can cause inflammation of the brain 
(encephalitis) or cause a temporary bleeding disorder 
(purpura).

The most serious problem with rubella is that if a pregnant 
woman gets this disease, there is a good chance that she may 
have a miscarriage or that the baby will be bom crippled, 
blind, or with other defects. The last big rubella epidemic in 
the United Stales was in 1964. Because of that epidemic, 
about 25,000 children were born with serious problems such 
as heart defects, deafness, blindness, or mental retardation 
because their mothers had rubella during the pregnancy.

Before rubella vaccine shots were available, rubella was so 
common that most children got the disease by the lime they 
were 15. Now, because of the wide use of rubella vaccine, 
the number of cases of rubella is much lower. However, if 
children are not vaccinated, they have a high risk of getting 
rubella and possibly exposing a pregnant woman to the 
disease. If an unvaccinated woman later becomes pregnant 
and catches rubella, she may have a defective baby.

Since rubella is a mild illness, many women of childbearing 
age do not recall if they had rubella as a child. A simple blood 
test can show whether a person is immune to rubella or is not 
protected against the disease. Overall, about one in five 
women of childbearing age is not protected against rubella.

Please read M s  care fu lly  mmr 3/1/83
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MEASLES, MUMPS, AND RUBELLA VACCINES: The
vaccir.es are given by injection and are very effective. Ninety 
percent or more of people who get the shot will have 
protection, probably for life. Since protection is not as likely 
to occur if the vaccines are given very early in life, these vac­
cines should be given to children after their first birthday; 
measles vaccine should be given at IS months of age or 
older. Measles, mumps, and rubella vaccines can be given 
one at a time or in a combined vaccine (measles-rubella 
(MR), measles-mumps-rubella [MMR]) by a single shot. If 
they are given in combined vaccine, they should be given at 
15 months of age or older.

Experts recommend that adolescents and adults—especially 
women of childbearing age —who are not known to be 
immune to rubella should receive rubella vaccine (or MMR 
if they might also be susceptible to measles or mumps). 
Women should not receive the shot if they arc pregnant or 
might become pregnant within 3 months. There is no known 
risk in being vaccinated against any or all three of these dis­
eases if you are already immune to any of them.

POSSIBLE SIDE EFFECTS TROM THE VACCINES: 
About 1 out of every 5 children will get a rash or slight fever 
lasting for a few days, I or 2 weeks after gett'.ig measles 
vaccine. Occasionally there is mild swelling of the salivary 
glands after mumps vaccination.

With any vaccine or drug, there is a possibility that allergic or 
other more serious reactions or even death could occur.

WARNING-SOME PERSONS SHOULD NOT TAKE 
THESE VACCINES WITHOUT CHECKING WITH A 
DOCTOR:
•  Anyone who is sick right now with something more seri­

ous than a cold.
•  Anyone who had an allergic reaction to eating eggs so seri­

ous that it required medical treatment (docs not apply to 
rubella vaccine).

•  Anyone with cancer, leukemia, or lymphoma.
•  Anyone with a disease that lowers the body’s resistance to 

infection.
•  Anyone taking a drug Ihat lowers the body's resistance to 

infection (such as cortisone, prednisone or certain an- 
ticanccr drugs)

•  Anyone who has received a gamma globulin (immune 
globulin) within the preceding 3 months.

o Anyone who had an allergic reaction to an antibiotic 
called neomycin so serious that it required medical 
treatment.

PREGNANCY: Measles, mumps, and rubella vaccines are 
not known to cause special problems for pregnant women or 
their unoorn babies. However, doctors usually avoid giving 
any drugs or vaccines to pregnant women unless there is a 
specific need. To be safe, pregnant women should not get 
t.'ose vaccines. A woman who gets any of these vaccines 
should wait 3 months before getting pregnant.

About 1 out of every 7 children who gel rubella vaccine will 
get a rash or some swelling of the glands of the neck 1 or 2 
weeks after the shot. About 1 out of every 20 children who 
get rubella vaccine will have some aching or swelling of the 
joints. This may happen anywhere from 1-3 weeks after the 
shot. It usually lasts only 2 or 3 days. Adults are more likely 
to have these problems with their joints—as many as 1 in 4 
may have them. Other temporary side effects, such as pain, 
numbness, or tingling in the hands and feel have also oc­
curred but are very uncommon.

Although experts are not sure, il seems that very rarely child­
ren who get these vaccines may have a more serious 
reaction, such as inflammation of the brain (encephalitis), 
convulsions with fever, or nerve deafness.

PLEASE KEEP THIS PART OF THE INFORMATION SH EET FOR YOUR RECORDS

/  have read the information on this form  about measles, mumps, and rubella and measles, mumps, and rubella vaccines. I have had a 
chance to ask questions which were answered to my satisfaction. /  believe /  understand the benefits and risks o f  measles, mumps and rubella 
vaccines and request that the vaccine checked below be given to me or lo the person named below for whom I am authorized to make this 
request.

VACCINE TO BE  GIVEN: O  Measles O  Mumps □ Rubella QMeaslcs-Ruhella OMeasles-Mumps-Rubella M M R  3 / 1 / 8 3

Vaccinating a child whose mother is pregnant is not danger­
ous to the pregnancy.

QUESTIONS: If you have any questions about measles, 
mumps, or rubella vaccination, please ask us now or call 
your doctor or health department before you sign this form.

REACTIONS: If the person who received the vaccine gets 
sick and visits a doctor, hospital, or clinic in the 4 weeks after 
vaccination, please report it to t h e  f a c i l i t y  w h i c h  
p r o v i d e d  t h e  v a c c i n e .

INFORMATION ON PERSON TO RECEIVE VACCINE (Please Print)

L a s t N am o  F irs t N am e  M l B ir th d a te  Age

A dd re ss

C ity  C o u n ty  S t a te  Z ip
X _______________________________________________________________________________________
S ig n a tu re  o f  p e rs o n  t o  re c e iv e  v a c c in a  o r  p e rs o n  D a te
c u th o r iz o d  to  m a k e  th e  re q u e s t

FOR DATA PROCESSING USE ONLY (OPTIONAL)

FOR CLINIC USE

C lin ic  Id en t.

D a te  V a c c in a te d

M a n u fa c tu re r  and  L o t N o .

S i te  o f  in je c t io n

VACCINE HISTORY: □ PLACE CHECK IN BOX IF HISTORY PREVIOUSLY SUBMITTED
rrrp - MFAKLES: MUMPS-

m /d/yr m/d/yr m/d/yr m /d/yr m/d/yr m /d/yr m /d/yr
POLIO: RUBELLA:

m /d/yr m/d/yr m/d/yr m /d/yr m/d/yr m/d/yr
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IMPORTANT IN FORM ATI ON ABOUTDIPHTHERIA, TETANUS, AND P E R T U S S IS  
• AND DTP, DT, AND Td VACCINES 

Please read this ca re fu lly DTP 2 /1 /3 6

WHAT 15 D IPH TH ER IA ? Diphtheria is a very serious dis­
ease which can affect,people in different wajs It can cause an 
infection in the nose and throat which can interfere with 
breathing. Il can also cause an infection cf the skin. Some­
times il causes heart failure or paral>sis About I person out 
of every 10 who get diphtheria dies of il.

WHAT IS TETANUS? Tetanus, or lockjaw, results *hcn 
wounds are infected with tetanus bacteria, which are often 
found in dirt. The bacteria in the wound make a poison 
which causes the muscles of the body to go into spasm. Four 
out of every 10 p^rsc..s who get tetanus die ofit.

WHAT IS PERTUSSIS? Pertussis, or whooping cough, 
causes severe spells of coughing which can interfere with 
eating, drinking, and breathing. In the United States, more 
than 75 percent of reported pertussis cases occur in children 
younger than 5 years. Pertussis is a more serious disease in 
young children and more than half of the children less than I 
year of age reported to have pertussis ore hospitalized. In 
recent years, an average of 1,700 cases of pertussis have been 
reported each year in the United States. Complications occur 
in a substantial proportion of reported cases. Pneumonia 
occurs in one of every four children with pertussis. For every
1,000 reported pertussis cases, 22 develop convulsions 
and/or have more severe problems of the brain. In recent 
years, an average of eight deaths due to pertussis occurred 
annually.

Before vaccines were developed, these three diseases were 
all very common and caused a large number of deaths each 
year in the United States. If children are not vaccinated, the

(PLEASE READ

risk of getting these diseases will go back up again.

DTP. DT, AND Td VACCINES: Immunization with DTP 
vaccine is one or the best ways to prevent these diseases. 
DTP vaccine is actually three vaccines combined into one 
shot to make it easier to  get protection. The United States 
Public Health Service and the American Academy of Pediat­
rics recommend DTP vaccine he used in children up to their 
seventh birthday. The vaccine is given by injection starting 
early in infancy. At least three shots are needed to provide 
initial protection. Young children should gel three dor.es in 
the first year of life and a fourth dose at about 18 month** of 
age. A booster shot is important for children who are about 
to enter school and should be given between their fourth and 
seventh birthdays. The vaccine is very effective al preventing 
tetanus—over 9S percent of those who gel the vaccine a r t  
protected if the recommended number of shots is given. Al­
though the diphtheria and pertussis parts of the vaccine are 
not quite as effective, they still prevent most children from 
getting disease and they make the. disease milder for those 
who do gel it.

Because pertussis is not very common or severe in older 
children, those 7 years of  age and older should take a vaccine 
that does not contain the pertussis part. Also, because reac­
tions to the diphtheria part of the vaccine may be more 
common in older children, those 7 years of age and older 
should lake a form of the vaccine that has a lower concentra­
tion of the diphtheria port. This vaccine which contains no 
pertussis part and a lower concentration of the diphtheria 
part is called Td vaccine. Boosters with the Td vaccine should 
be received every 10 years throughout life.

OTHER SIDE}



c V i 'R R A I .  OF D IP  IMMUNIZATION. x'hiltl'tfn who 
h u e  h.id vormus re.iction to previous D IP  rruiis should 
n..t fcvcivc jdditional pertussis v . k c i o c  'See W \ k M N ( i '  A 
prop-t.iiit'1' called Dl v.tceine is .ivail.iblc for them which 
iipps not contain tho pertussis pari Also, children who have 
previcuslv haJ a convulsion or are suspected to have a prob­
lem •>» the nervous svstcm should not receive DTP vaccine 
until a full medical evaluation has been m.f io 
POSSIBLE SIDE EFFECTS FROM THE VACCINE: 
With DTP 'Jscine-. most children will have a alight fever and 
be irritable within 2 days after getting the shot. One half of 
children develop some soreness and swelling in the area 
where the shot was given. More seri"us side effects can 
occur A temperjuirc of I05°r or greater may follow I out of 
330 DTP shots. Continuous crying lasting 3 or more hours 
may occur after I in every 100 shots and unusual, high- 
pitched crying may occur after 1 in every 900 shots Consul-' 
sions or episodes of limpness and paleness may each occur 
after i in every 1.750 shots. Children who have previously 
had a convulsion may be more likely to have another one 
after pertussis shots. Rarely, about once in every 110.000 
shots, other more severe problems of the brain may occur, 
and permanent brain damage may occur about once in every
310.000 shots. Side effects from DT or Td vaccine arc not 
common and usually consist only of soreness and slight 
fever. As with any drug or vaccine, there is a rare possibility 
that allergic or more serious reaction1; or even death could 
occur.
Although some people have questioned whether DTP shots 
might c'ausc Sudden Infant Death Syndrome (SIDS), in care­
ful studies DTP shots have not been shown lo cause SIDS. 
PREGNANCY: Babies bom under unsanitary conditions to 
unimmunized women have a risk of developing tetanus 
during the newborn period (neonatal tetanus). Neonatal 
tetanus can be prevented by immunization of adult women. 
Women who have not received Td earlier and who arc 
thought to be at risk of delivering their babies under unsani-

known to cause special problems for pregnant 
•i.v o a h o 'r  baV'CS. Doctors usu*!!y do not

" t u r n e r , d  g . v . n y  .m y  d ' u g v  i •r vaccmes to pregnant women

unfev thcr.! ts ,i specific n -ed Pregnant women who need Td 
shculd receive it. prefer.-.b'v •: Mr.g the second and 'or  ih:f~ 
t'lr.ievterv
W A R N IN G -SO M E PERSONS SHOULD SOT  T A K ^ P  
THESE VACCINES W IT H O L T  CHECKING WITH ‘ 
DOCTOR:

o Anyone who is sick right now with something more 
serious than a cold. 

o Anyone who has had a con .ulsion or is suspected to 
have a problem of the nervous system.

<> Anyone who has had a serious reaction to DTP. DT. 
or TJ shots before, such, as: an allergic reaction to my 
vaccine component; a temperature of I05°For greater; 
an episode of limpness and paleness; prolonged conli- 
nous crying; ars unusual, high-pitched cry; or a convul­
sion or other more severe problem of the brain 

o Anyone taking a drug or undergoing a treatment that 
lowers the body’s resistance to infection, such as: corti­
sone, prednisone, certain nntieanccr drugs, or 
irradiation.

QUESTIONS: If you have any questions about diphtheria, 
tetanus, or pertussis or DTP. DT, or Td vaccination, please 
ask us now or call your doctor or health department before 
you sign this form.

REACTIONS: if Ihe person who received the vaccine devel­
ops a temperature of 105PF or greater, continuous crying last­
ing 3 or more hours, tin unusual hifth-pitched cry, a consul- 
sion. an episode of limpness and paleness, or a severe prob­
lem of the brain, the person should be evaluated promptly by 
a doctor.

If the person who received the vaccine gets sick and visit^ 
doctor, hospital, or clinic in the 4 weeks after vaccination, 
please report it to t h e  f a c i l i t y  w h i c h  p r o v i d e d  
t h e  v a c c i n e .lary conditions should be immunized during pregnancy.

___________pleas_s _ke££ i h 2s_ part_o f j h £ ^ f o r m a t i o n _____________
/  have read the Information on this form  about diphtheria, tetanus, and pertussis and DTP, DT, and Td vaccines. /  have had a chance to 
ask questions which were answered to m y satisfaction. /  believe I understand the benefits and risks o f  DTP, DT, and Td vaccines and re­
quest that the vaccine checked below be given to me or to the person named below fo r  whom I am ouihorizcd to m ake this request.

□  DTP □  DT □  TdVACCINE TO D s GIVEN: DTP 2 /1 /33
INFORMATION A 30U T  PERSON TO RECEIVE VACCINE Print)

I s s t  Noma First Name M l E irthdalo Age

Address

City County State Zip

X
•

Signature o f person to  receive vaccine or 
oarson authon tod to  m ake the request,

Data

FOR CLIN IC IJSS

Clinic Want.

Dcno Vaccinated

M snuJ.r.nd Lot No.

£tto o f in jection

FOR DATA PROCESSING USE ONLY (OPTIONAL)

VACCINE H ISTORY: PLACE CHECK C D IN COX IF HISTORY PREVIOUSLY SU 3M IT 7ED
OTP: M EASLES: M U M PS ;

m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr m /d/yr
POLIO : RUBELLA: HAEMOPHILUS b:

m /d/yr m /d/yr m /d/vr m /d/yr m /d/yr m /d/yr --------------



B ILL  SH EFF IE LD . C Q V E R N O R

d i v i s i o n  o f  m u c  h e a l  t h
SECTION OF COMMUNICABLE DISEASE CONTROL

© E F T .  O F  H E A L T H  ANB> S O C IA L  S E R V I C E S
3601 “ C " STREET. SUITE 576 

D W SIO N O F P U 8U C H E A L TH  p o u c h  6333
ANCHORACE. AK 995020333
(9 0 7 )  5 6 1 -4 2 3 5

N o v e m b e r  14, 1 9 8 6

Ms. S h a n n o n  K o h l e r  

A l a s k a  C h a p t e r - D P T  

B o x  1746

S o l d o t n a ,  AK 9 9 6 6 9  

D e a r  Ms. K o h l e r :

T h a - k  y o u  f o r  th e I n f o r m a t i o n  r e l a t i v e  to the p e r t u s s i s  p o s t e r  c o n t a i n i n g  

i n c o r r e c t  i n f o r m a t i o n .  We  a r e  n o t  a w a r e  o f  a n y  s t a t e - w i d e  d e p a r t m e n t  

o f f i c e s  d i s p l a y i n g  s u c h  a  p o st er.

T h e  " D e a r  H e a l t h  C a r e  P r o v i d e r "  c o n t a i n s  i n f o r m a t i o n  w h i c h  h a s  b e e n  in e x i s t­

e n c e  fo r a t  l e a s t  two y e a r s  a n d  is c o n s i d e r e d  c o m m o n  k n o w l e d g e  b y  m o s t  h e a l t h  

c a r e  p r o v i d e r s  w h o  a d m i n i s t e r  v ac cin e.  However, i t  m a y b e  a p p r o p r i a t e  to 

r e i t e r a t e  the i n f o r m a t i o n  i n  a n  u p c o m i n g  e d i t i o n  o f  t h e  E p i d e m i o l o g y  B u l l e t i n  

(a n e w s  b u l l e t i n  s e n t  to h e a l t h  c a r e  p r o v i d e r s  a n d  o t h e r  i n t e r e s t e d  p a r t i e s ) .  

Ar so , we  w i l l  b e  r e w r i t i n g  the i m m u n i z a t i o n  s t a n d i n g  o r d e r s  f or  the P u b l i c  

H e a l t h  N u r s e s  and, i f  n o t  a l r e a d y  p a r t  o f  t heir s t a n d i n g  o r d e r s ,  we w i l l  

i n c l u d e  this i m p o r t a r t  i n f o r m a t i o n .  
f
T h e  S t a t e  d o e s  n o t  h a v e  a n y  s p e c i f i c  r e g u l a t i o n s  r e g a r d i n g  th e ’'^porti ng  o f  

a d v e r s e  r e a c t i o n s  f o l l o w i n g  i m m u n i z a t i o n s .  H e a l t h  c a r e  p r o v d e r s  w h o  adn.-r- 

i s t e r  v a c c i n e s  a r e  e n c o u r a g e d  to r e p o r t  p o s s i b l e  a d v e r s e  r e a c t i o n s  to this 

o f f i c e .  This is a p a s s i v e  s u r v e i l l a n c e  s y s t e m  w h i c h  r e l i e s  o n  th e i n t e g r i t y  

o f  t h e  h e a l t h  c a r e  p r o v i d e r s  to c o m p l y .

The  a n s w e r s  t o  y o u r  r e m a i n i n g  q u e s t i o n s  a r e  a s  f o l l o w s :

1. R e p o r t  G a t h e r i n g

A. B d w  a r e  a d v e r s e  r e a c t i o n s  g a t h e r e d  fro m p a r e n t s ?  f r o m  p u b l i c  

h e a l t h  o f f i c i a l s  a d m i n i s t e r i n g  v a c c i n e ?  f r o m  d o c t o r s ?

P a r e n t s  a r e  to n o t i f y  the p r o v i d e r  of  the v a c c i n e  i f  t he  v ac- 

c i n e e  v i s i t s  a d o c t o r ,  h o s p i t a l ,  or  c l i n i c  w i t h i n  4 w e e k s  

o f  v a c c i n a t i o n ,  a s  r e q u e s t e d  o n  e v e r y  I m p o r t a n t  I n f o r m a t i o n  

Form. A  p u b l i c  p r o v i d e r  w h o  is m a d e  a w a r e  o f  a  p o s s i b l e  

a d v e r s e  r e a c t i o n  c o m p l e t e s  t h e  M h EF I r e p o r t  f o r m  a n d  s u b m i t s  
i t  to this  o f f i c e .  A  p r i v a t e  y s i c i a n  w h o  is m a d e  a w a r e  o f  

a p o s s i b l e  a d v e r s e  r e a c t i o n  n o t i f i e s  this o f f i c e  a n d  the 

M S A E F I  C o o r d i n a t o r  c o m p l e t e s  t h e  M S A E F I  r e p o r t  f o r m .

-
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B. W h a t  is th e e s t i m a t e d  r a t e  of  c o m p l i a n c e ?

C. How  e x a c t l y  is t h e  r a t e  o f  c o m p l i a n c e  d e t e r m i n e d ?

N o  e s t i m a t e d  r a t e  o f  c o m p l i a n c e  is d e t e r m i n e d .

2. F b n d l i n g  R e p o r t s

A. O n c e  a  r e p o r t  i s  re c e i v e d ,  w h e r e  a n d  h o w  is i t  r e c o r d e d ?

A l l  s u b m i t t e d  M S A E F I  r e p o r t  f o r m s  a r e  e n t e r e d  o n t o  a 

M S A E F I  r e p o r t  f o r m  log s h e e t  by  the M S A E F I  C o o r d i n a t o r .

A l l  s u b m i t t e d  M S A E F I  r e p o r t  f o r m s  w h i c h  m e e t  t he  m i n­

i m a l  c r i t e r i a  for s u b m i s s i o n  to the C e n t e r s  for D i s e a s e  

C o n t r o l  a r e  f o r w a r d e d .

B. Is t h e  o r i g i n a l  o r  c o p y  o f  r e p o r t  k e p t  b y  S t a t e  o f f i c e ?

A  t y p e d  c a r b o n  c o p y  is r e t a i n e d  b y  t h e  S t a t e  o f f i c e .

C. Is the o r i g i n a l  o r  c o p y  o f  r e p o r t  s e n t  to t h e  N a t i o n a l  

C e n t e r  of. D i s e a s e  C o n t r o l  (CDC) i n  A t l a n t a  G e o r g i a ?

A  t y p e d  c o p y  is  f o r w a r d e d  to the CDC.

3. A p p r o x i m a t e l y  h o w  m a n y  a d v e r s e  r e a c t i o n  r e p o r t s  d o e s  y o u r  o f f i c e  

r e c e i v e  p e r  y e a r  f r o m  p u b l i c  h e a l t h  o f f i c i a l s ?

1 9 8 5  -  1 2  (2 o f  w h i c h  w e r e  m i l i t a r y )

1 9 8 6 - 9

f r o m  d o c t o r s ?

1 9 8 5 - 3  

1 9 8 5  - 1

f r o m  p a r e n t s ?

1 9 8 5  - 0

1 9 8 6 - 0

( T h e  n u m b e r s  l i s t e d  a b o v e  i n d i c a t e  a d v e r s e  r e a c t i o n  r e p o r t s  f o r w a r d e d  to 

t h e  CDC, n o t  th e n u m b e r  r e c e i v e d  b y  t his o f f i c e . )

B. W h a t  a r e  the s y m p t o m s  a n d  d i a g n o s i s  i n c l u d e d  i n  r e p o r t s ?

S e e  e n c l o s e d  M S A E F I  r e p o r t  f orm.

And , f i n a l l y ,  y o u r  l a s t  r e q u e s t  to " s e n d  m e  a c o p y  o f  the a n n u a l  A l a s k a  

S t a t e  r e p o r t s  r e g a r d i n g  i m m u n i s a t i o n s  a n d  r e a c t i o n s  t h a t  w e r e  s e n t  to 

A t l a n t a ,  G e o r g i a  C D C  i n  1 9 8 4  a n d  1985," w i l l  h a v e  to b e  m o r e  sp e c i f i c .



N o v e m b e r  14, 198 6\t‘ ■
S h a n n o n  K o h l e r

T h e r e  a r e  n o  a n n u a l  r e a c t i o n  re po rt s,  h ow ev er,  there a q u i t e  a f e w  im m u­

n i z a t i o n  r e p o r t s  s e n t  to the C D C  q u a r t e r l y  a n d  a n n u a l l y  b y  this office.

If the s p e c i f i c  i n f o r m a t i o n  y o u  w a n t  is a v a i l a b l e ,  w e  w i l l  s e n d  it to you.

S i n c e r e l y ,

M i c h a e l  K l a t t ^  M a n a g e r  

A l a s k a  I m m u n i z a t i o n  P r o g r a m

R o b e r t  I. F r as er , M.D. C h i e f  

Sec. of Comm. D i s e a s e  C o n t r o l

M K + R I F :e w  

E n c l o s u r e

cc: E l i z a b e t h  W a r d ,  D i r e c t o r

D i v i s i o n  of P u b l i c  H e a l t h



sir
JOEPT. ©IF H E A L T H  AW 3> SO CIA L SERVIC ES

O M S IO X  OF PU3UC HEALTH 

SECT10H O f  COAWUNICA 3  IE  DISEASE COtfTHOL

B ILL  SH EFFIELD . G O V ER N O R

3601 “ C“  STREET, SUITE 576 
POUCH 6333
ANCHORACE. AK 99502-0333
(907) 561-4235

M a y  1, 1986

T h e  i n f o r m a t i o n  y o u  r e q u e s t e d  a b o u t  D T P  v a c c i n e  a n d  w h o o p i n g  c o u g h  was not 

e a s i l y  r e t r i e v a b l e .  T h e  m a j o r  r e a s o n  b e i n g  that I h a v e  o n l y  b e e n  on th e job 

t h r e e  m o n t h s ,  t h e r e f o r e ,  I d i d n ' t  k n o w  w h o  to a s k  or w h e r e  to look. However, 

thi s  is w h a t  I h a v e  f ou n d .

1. T h e r e  w e r e  f i v e  c a s e s  of w h o o p i n g  c ou gh  i n  1984 and  3 0  ca se s in 1985.

2. F o u r  of the  f i v e  c a s e s  w e r e  c o n f i r m e d  i n  1 9 8 4  a n d  n i n e  of the 30 

c as es  w e r e  c o n f i r m e d  i n  1985.

3. A  to tal  of f o u r  of the  35 c a ses  w e r e  h o s p i t a l i z e d  w i t h  no deaths.

4.

A g e

u n k n o w n

<1
1
2

5- 9

10-19

2 0 - 2 4

2 5 - 2 9

3 0 - 3 9

1984

0
2
1

0
0
0
0
1
1

1985

4

1 0
6
4

2
3

1
0
0

A p p r o x i m a t e l y  h a l f  of the c a s e s  had r e c e i v e d  p e r t u s s i s  v a c ci ne at some 
p oi nt  i n  t h e i r  l i f e  , h o w e v e r ,  w h e t h e r  the y w e r e  a p p r o p r i a t e l y  imm unized 

for a g e  I a m  u n a b l e  to a s c e r t a i n .



5. T h e  p a r e n t s / g u a r d i a n s  of r e c i p i e n t s  w h o  6ee  a p h y s i c i a n  o r  w h o  a r e  h o s­

p i t a l i z e d  w i t h i n  o n e  m o n t h  of a n  i m m u n i z a t i o n  are  s u p p o s e d  to n o t i f y  

the A l a s k a  I m m u n i z a t i o n  P r o g r a m .  W h e n  I r e c e i v e  n o t i f i c a t i o n  of a n  

a d v e r s e  e v e n t  f o l l o w i n g  a n  i m m u n i z a t i o n ,  I c o n t a c t  the p a r e n t s / g u a r d -  

ians, t h e  i m m u n i z a t i o n  p r o v i d e r ,  and  the a t t e n d i n g  p h y s i c i a n .  It is 

the p h y s i c i a n ' s  r e s p o n s i b i l i t y  to d e t e r m i n e  w h e t h e r  or n o t  the p a t i e n t ' s  

p r o b l e m s  a r e  v a c c i n e - r e l a t e d .  A l l  v a c c i n e - r e l a t e d  a d v e r s e  r e a c t i o n s  

are  d o c u m e n t e d  o n  a n  o f f i c i a l  r e p o r t  f o r m  a n d  sent to the C e n t e r s  for 

D i s e a s e  C o n t r o l  i n  A t l a n t a ,  G eo r g i a .

I h o p e  the  e n c l o s u r e s  a r e  of h e l p  to you.

Sincerely,

M i c h a e l  K l a t t ,  M a n a g e r  

A l a s k a  I m m u n i z a t i o n  P r o g r a m

M K : d b

m



(for Mott Use) is recommended.'-'
Parenterar drug m a c s  srxxttd M insoecaa vtsuaiv ter oaroam t m jrar ina aacocnzcn 

to aorrvnistnoon whenever solution ana container p e rm
SUPPUED

Ooninona and Ttonus Toxoids and Pertussis Vacane Aosorow. AJummum Pnospnare 
Aosoroed. is trverm  m vials ol 7.5 ml. Product 1946-33
STORAGE

Keop Detween 2 and 8 *  C (35-48* F). 00 NOT FREEZE.
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D IPH THER I A  AND T E T A N U S  
T O X O ID S  

AND 
P E R T U S S I S  V ACC INE  ADSORBED  

TR I - IMMUNOL®

Oipnmena ano Tetanus Toxdos and Pertussis Vacane Aasoroed, TRi-lMMUNOl* 
Leoene. is a comanaoon at Pumganted Oeomena Toma Ajurwxm Phosoftite-Aasoroeu. 
PurogeneM Tetanus Toxao AJummum Pnospruie-Aasorwo, ana Pertussis vacane.

DESCRIPTION
The aonmena tenon is produced accorong to me memod o< Muetier and Miner ana is 

oeioxilied Dy use ol tormaioertvoe The tetanus toxin is orcouceo tty me memoa ol Muener 
ana Milter ana is oetoxjhed Dy me use ot loanaioeflvoe The tuxaas are retmeo oy ine 
Pniemer aiccnot Iracnonanon memoo ana are oiluted wrtn a soruDon containing potassium 
pnosprvtte monooasc sooum pnosorute aoasic. gryone. ana tnrrertsaJ imercury oenvanvei 
as a preservative PertusS’S Vacane is cxioarea Dy growing Ruse 13  penussis in a moaned 
Conen-wneeier orotn containing aaa nyaroiysate ot casern The B oenussis culture is 
naivesteo. maenvateo. ana men susoenoeo in a soiunon ccntammg potassium pnosonate 
monooasic. sooum pnosonaio OPasic. sooum cmonoe. ana mmwtsai imercury oenvairvei 
as a preservative ana is tnen comomed wim me rehnea Oonmena ano Tei?nus Tocos 
in ony5iotegicai saime iNaCD anuem containing tmmerosaJ ira ra iry  oenvatrvei as a preser­
vative Tne Nnai concentration ot tnimerosai imercury oenvatrvei in the compmeo vaccme 
is 1 • 10.000 Tne aluminum content ol in* tinai proouci ooes not exceed 0 80 mg per 0 5 
mi oose

Tne total immunizing cose contains 12 units oi pertussis vacane 
Tne onmary immunization aqamst flionirena. tetanus, ano pertussis consists cl lou'

0 .5  mi ooses wnen aomimsiereo as recommenoed

CLINICAL PHARMACOLOGY
Simultaneous immunization against Cionihena. tetanus, ano oeiiussis dunng miarcy 

ana chiionooo has Deen a routine practice in me United States since me late 1940 s I! 
nas played a many rote in markedly reducing me inaoence o< cases ano oeams irom eacn 
o' tnese diseases.

Oipntnena is pnmanty a localized ano generalized micxjupon caused Dy dipnmenai tox­
in an extracellular protein metaootite ol toxmogenic strains ot Coryneax/enum aoninenee 
wniie me maoence oi dionmeria nas decreased irom aooui 20 cases per 100.000 ocouta- 
lion oeiore me general use ol oipntnena loxad'-1 lo acxxit 56 cases rapcrteo oetween 1975 
ano 1981 llie ratio ol laiaiilies to attack rate nas remained constant at aooui S% - 10 V£ 
Tne nignest case fatality rales are in me very young ano me eioerry Dipinnena toxoio 
induces antitoxin. Following adequate immunization witn oontnena loxoo is mougni to 
protect lor at least 10 years.'

It sigmlicamty reduces oolh me nsk ol oeveioomg oionmena and me seventy 01 cimicai 
illness. II ooes not. however, eliminate carnage ol C oiormena in me onarynx or on me 
skin.' A serum level > 0 .01 loxm neutralization umts/mi is oeneraiiv consioeieo orcieaive • 

Tetanus is an mioxicanon mamiesied onmaniy oy neuromusanar oysiuncnon causeo 
Dy a poiem exoioxm eiaooraied Dy Cbsmoium ream The mooence ol letanus nas oroopco 
dramatically wilh me routine use ol tetanus toxoid, remaining relatively constant ever me 
last oecaoe ai aooui 100 u ses  reported annually. Spores 0< C ream are udouiious ana 
inera is essentially no natural immunity to tetanus toxn. Thus, urwersai onmarv immunizanon 
with tetanus (oxoid with suDseouent maintenance 01 aoeouarc anmoxm levels ov means 
ol nmeo ooosiers is necessary 10 protect alt age groups.' Tetanus tcxoio is ntgniv ettec- 
live, with a failure rale m luiiy immumzeo persons ol less man 4 oer too million ' ®ro:ec- 
hve'ievels ol serum anmoxm i> 0 .0 i  loxm neutralization uruts/mi)* are acnieveo -.vnicn 
oers'st lor at lu s t <0 years alter lull immunization 1 

Penussis is a Disease oi me respiratory tract uuseo dy Boroereia oenussis inis cram- 
negative coccopaaiius orofluces an array ol biotogicaity acavt comoonenis mai escape irom 
the sue ol miecnon and oroouce systemic ctfects. mciuang an enooioxin-reiaico leome 
response, anenuaiion ol me host's leome and mliammaiory rasoonses. lymonocvtosis. 
leukocytosis eltecis on glucose nomeostasis. and oossiDie neuroioxicny. Tne tote oi eacn 
ol tne diMercni components in the pathogenesis ol and immunity to pertussis is not well 
understood.

Penussis is a highly commumcaoie disease whicn. umoue lor a Dactenai-flisease nas 
an attack rate in ummmumzeo populations 01 over 90% .’  As a result ol immunization wim 
penussis vaccine, me numoer ol reponeo u se s  ano assooaieo monainy nas oe-

4 1



chneo Irom aoout 120.000 cases and 1,100 oeams in 1950* to an annual averaged aoou 
2 300 caws .ana 10 lataimes over tha last 10 y ea rs1 Accurate aata oo not unst is 
oacierioiooicai confirmation oi oenussis can oe oota-ned m 'es-, : . v  nj,i oi me cases. 

" MU'T 72D6ile3"liness3!> HWH U DerluSSiS occur in mlanfs anU young cnudteo. iwo-iniros 
oi feooneo oeatns occur m cnnoren m s  man on« year o»a Oioer cniiaren ana aauits 
m wnom classic signs ara onto aosem. may go unougnoseo ano serva as reservoirs ot 
disease.1

Evioence ol ma etlieacy ol oenussis vacone can oe oromoeo ov me recent Bnnsn ex- 
oenence. where a reaucnon in me numoer ol immuniieo moiyiouais irom r9V. in 1973, 
to 31V. m l? 7 8  resuilea in an eoioemic ol I02.S00 oenussis cases ana 36 oeatns Bet­
ween uie 1977 ano 1980 ano 1 440 cases oer v«teK reoortea ounng irie winter ol 1981-82 
a similar situation cccurreo in Japan.1

Because tne incioence ano severity oi oenussis Decrease wnn age. rouune oenussis 
immuniaauon is not recommenoea lor persons 7 years ol age or o ioe r'
INDICATION ANO USAGE 

Dionmena ana Tetanus Toxoios ana Penussis Vacone Aosoroea is mocateo lor activ* 
-rnmuniuoon ol mlann ano cnnoren tnroogn 6 years ol age against Oipntnena. teunus. 
ana oenussis.'•*
CONTRAINDICATIONS

IMMUNIZATION SHOULO BE DEFERRED DURING THE COURSE OF ANY ACUTE ILLNESS 
tHE OCCURRENCE OF ANY TYPE OF NEUROLOGICAL SYMPTOMS OR SIGNS INCLUDING 
ONE OR MORE CONVULSIONS ISEIZURESI FOLLOWING ADMINISTRATION OF ThiS PROD­
UCT IS A CON TRAINOICATION TO FURTHER USE USE OF THIS PROOUCT IS ALSO CON­
TRAINDICATED IE THE CHILD HAS a  PERSONAL OR FAMILY HISTORY OF CENTRAL 
NERVOUS SYSTEM OlSOROERS 

THE PRESENCE OF ANY EVOLVING OF. CHANGING OISORDER AFFECTING THE CEN­
TRAL NERVOUS SYSTEM IS A CONIRAINOlCATlON TO ADMINISTRATION OF OTP 
REGARDLESS OF WHETHER THE SUSPECTED NEUROLOGICAL OiSORDER iS ASSOCIATED 
WITH OCCURRENCE OF SEIZURE ACTIVITY OF ANY TYPE 

Tne Committee on intecnous D seases ol me American Acaoemv ol Peoiamcs fecom- 
. menos mat oenussis vaccine sno.uo oe w-inneio wnen a orevious oose nas oeen icicweo 

ov convulsion enceonamis. locai ,'euroiooicai sion- -  '•snapse Nor snouio imams wno 
eroerience excessive somnoience excess"-: screaming loersisieni crvmg or screaming 
ir. ■>,,»« of -Tvprp npUf<; our,mom or teuioeiaiure more man 105° f  <40 5° C) receive ao-

#

diionai coses oi me vacone T
Tne immumaanon Pracnces Aavisory Comrwtiee 1AC1P1 oi me U S Puonc Heann Ser­

vice lecommenos tnat nypersensiiiviiy to vacone comoonents presence ol an evolving 
neuioogic oisorcer. or a msiory ol a severe reaction tusuany wiinm <8 noursi lonowmg 
a orevious oose an remain oeiirotive comrainoicaiions 10 me receioi o> oenussis vacone 
Severe reactions mciuoe coiaose or snocx corsisient screammo eosooe temperature <0 5° 
C i'0 5 °  F) or greater convuisiomsi wnn or wiinout accomoanying ttver severe anera 
nons oi consciousness generameo ang/or iocai neuroiogic signs, or systemic aneig.c 
reactions •

immunosuooressrve therapy. including irraoiawn comcosienxds annmeiaooiites. alkylating 
agen’ s ano cytotoxic agenis may result m aoerram resoonses to acnve immunisation oio- 
ceoures Admtmstrauon snouio oe oeie'feo m mfliviouais receding such tneraoy 

Tne cimicai luogemem oi me anenomg onysioan snouio otevau at an nmes 
Elective immumaanon oi oanenis over me age of 6 monms snouio oe oeierreo Ounng 

ar. outoreak ol ooliomyeniis.
WARNING

THIS PROOUCT IS NOT RECOMMENDED FOR IMMUNIZING PERSONS AFTER THEIR 
SEVENTH BIRTHDAY 00  NOT ATTEMPT ROUTINE IMMUNIZATION IF THE CHILD HAS 
A PERSONAL OR FAMILY HISTORY OF CENTRAL NERVOUS SYSTEM OlSOROERS SHOULO 
ANY SYMPTOMATOLOGY RELATED TO NEUROLOGICAL OlSOROERS DEVELOP FOLLOW­
ING ADMINISTRATION. 00 NOT ATTEMPT FURTHER ADMINISTRATION OF PERTUSSIS 
VACCINE. CONVULSION. ENCEPHALITIS. FOCAL NEUROLOGIC SIGNS COLLAPSE. SHOCK. 
EXCESSIVE SCREAMING (PERSISTENT CRYING OR SCREAMING FOR THREE OR MORE 
HOURS DURATION) EXCESSIVE SOMNOLENCE SEVERE ALTERATION OF CONSCIOUS­
NESS SYSTEMIC ALLERGIC REACTIONS OR TEMPERATURE MORE THAN 105° F 140 5° 
Cl ARE CONTRAINDICATIONS FOR ANY FURTHER USE OF PERTUSSIS VACCINE 

ii sucn oiso'oers are lou-.o me miams or cnnoren snouid oe given cionmena ano tetanus 
ioxoios IDTi msieao ol OTP II OT is used, inree ooses ai least« wee<s aoan lotiowed 
oy a lounn oose 6-12 montns taier are recommenoea lor miams fo r cnnoren t year 
m age or oioer two ooses oi OT at least a weeks aoan tonoweo Oy a muo oose 6-12 
monms later are recommenoea 1 

ine occurrence ot suooen-iniam-oeam synorome (SlOSi nas neen reooned lonowmg 
aommisiranon ol OTP "  a causal reunonsnio oerween OTP immunisation ano me syn- 
atome nas noi been esuDiisnea.,J-, ‘

Prior lo aommisiranon ol mis vaccine neann care oersonnei snouio miorm me oarem. 
guaroian, or omer resoonsioie aouii ol me oeneins ano risks lo me cnno oi OTP vaccine 
For recent iniormanon aooui tne esiimaieo ranae oi nsks oi severe reactions lonowmg OTP 
aommisiranon. consult references t. 15, 16 17. 18. ano 21 

OTP snouio not oe given to miams or cnnoren witn inromoocviooema or any coagulation 
oisoroer tnai wouio coniramoicate miramuscuiai miecnon umess me potential oeneiii ciearty 
oulweigns me risk ol aommisiranon 

11 ine vaccine is used in oersons receiving imm-mosuporessive iherauy. me expected 
antigenic response may not oe ootamed.

SoecuJ care should Cm taken so me miecnon is not mao* mu a tnooo vessel 
PRECAUTIONS
A General _

1 Ties pmoua Should De useO tor me soe group oerween 2 monms ana me 7m ormcoy
2. A separate sierne svnnge ano nteoie or a sterile osoosatx unit snouig De used

tor eacn mcryiouai paiient to prevent transmission ot neoanns or omer mlsaious 
agents irom one person to another.

3 Smce fiw  &vouci contans coin a Dxtenal susotnsan tna in  u / w u it. jnaxe 
woorpyjry Offer? w;tno'iwing eacn oose Worn mum<e oose wars

4 Before me mer.oon ol any oiowgica: me onvsician snouio taxe an orecautions known 
lor orevtnnor, ol anergic or any other sioe reaciions This snouio mciuoe- A review 
o< me oatwv s mstory reoarong oossitw sensnrvtry; me reatw avaitaainv ci eomeonnne 
i 1000 anr; omer aopropnate agenis useo lor comrtx oi immeoiaie anergic reac­
tions. ano a knawiecoe ol me recent literature oenanmg ro use ol the ooog ’cai 
concernerj. inauonjj tne nature ot sioe effects ano atnerse reactions tnat may ronow 
its use.

8 Into/minor, tor Pinent
1. Pnor tc, acnvrastraiion ot any oose oi OTP. me parent or guaroian snouKJ De asxec 

aooui me recent neann status ol tne miam or cnno ro oe mected
2 WHEN AN INFANT OR CHILD IS RETURNED FOR THE NEXT OOSE IN THE SERIES 

IHE PARENT SHOULO BE QUESTIONED CONCERNING OCCURRENCE OF ANY SYMP­
TOM ANO/OR SIGNS OF AN AOVERSE REACTION AFTER THE PREVIOUS DOSE. iSEE 
CONTRAINDICATIONS. AOVERSE REACTIONS).

AOVERSE REACTIONS 
Locai reactions maniiesieo oy erymema ano mouranon wim cr wiinout tenoerness are 

common aner aommisiraiion ol OTP Such local reactions are usually seii-iimiteo ano re­
quire no tneraoy A noouie may oe oaioaoie at me iniecuori site tor a lew weens 

Aoscess lormauon ai tne site ot miecnon nas oeen reoonec "  Cervical tym- 
pnaoenopamy nas oeen reooneo lonowmg OTP imecnons into me ami '•

Miio to mooerate temperature elevations tregueniiy louow OTP administration anc are
one" accomoanieo ov Irertumess. Drowsiness, vomiting, anoinortxa   Approximaieiy
50*/i ol OTP recipients will oeveiOD lemperaiure eievanons > 33* C (100 4* F) aner one 
oi more ooses oi me series, aoptoximaieiy 6V. > 39° C 110? 2* F). ano aooroomaie'y 
t 5'/. > 40° C (1W ° F| Some aata suggest mat leome reactions are mo<e nxery to occui 
in rnose wno nave exoenenceo sucn resoonses after onpr ooses 

SIGNIFICANT REACTIONS ATTRIBUTED TO THE PERTUSSIS VACCINE COMPONENT HAVE 
BEEN high FEVER OF 40 .5 ’  C 1105° F) A TRANSIENT SHOCK-LIKE E°IS0CE. EXCESSiV 
SCREAMING (PERSISTENT CRYING OR SCREAMING FOR ThRE: OR MORE HOURS Ou 
TIONl SOMNOLENCE. CONVULSIONS ANO ENCEPHALOPATHY THESE REACTIONS H,
BEEN REPORTEO TO OCCUR RARELY FOLLOWING THE INJECTION OF Th is  PROOUC 
ANO THEY may be fatal OR RESULT IN PERMANENT DAMAGE TO THE CENTRAL NER­
VOUS SYSTEM PERTUSSIS VACCINE HAS 8EEN ASSOCIATED WITH A GREATER PRO­
PORTION OF ADVERSE REACTIONS THAN MANY OTHER CHILDHOOD IMMUNIZATIONS 
SHOULD SYMPTOMATOLOGY REFERABLE TO THE CENTRAL NERVOUS SYSTEM DEVELOP 
FOLLOWING ADMINISTRATION. FURTHER IMMUNIZATION WITH THIS PRODUCT IS CON- 
TRAlNDiCATJO (SEE CONTRAINDICATIONS) SUCH'REACTIONS ALMOST ALWAYS AP­
PEAR WITHIN 24 TO 48 HOURS AFTER INJECTION BUT HAVE BEEN THOUGHT TO OCCUR 
AFTER AN INTERVAL AS LONG AS SEVEN DAYS 

NEUROLOGICAL COMPLICATIONS FOLLOWING TETANUS TOXOID ADMINISTRATION 
SUCH AS PftRAi YSIS OF THE RAQIAL NERVE 11 .RECURRENT PHARYNGEAL NERVE "

. COCHLEAR LESION "  BRATHlALPLUiDi N'EUWfiPATHY"-"- AND A CASE OF DIFFICULTY 
IN SWALLOWING ACCOMMODATION PARESIS ANO EEG DISTURBANCES" have BEEN 
REPORTED. IN THE DIFFERENTIAL DIAGNOSIS OF POLYRADICULONEUROPATHY FOLLOW­
ING ADMINISTRATION OF TETANUS TOXOID. TETANUS TOXOIO SHOULD BE CONSID­
ERED AS A POSSIBLE ETIOLOGY."
DOSAGE AND ADMINISTRATION 

Snaxe vigorously oetore witnanwmg eacn oose Irom me mmoie oose wa/s 
Beiore miecnon me skin over me site ro oe mieciefl snouio oe aeanseo ano preoarec 

wnn a suiiaoie pemiiciae Alter msenion ol me neeoie. aspirate lo neia avoro maaverteni 
miecnon into a oiooo vessel Excel ine oose siowiy ano lermma.e me cose wnn a sman 
Duooie ol air (0 l lo 0 2 mn 

Tne Paste immunising couise lor miams ano cnnoren miougn 6 years ot age consists 
ol mree ooses ol 0 .5 mi eacn al a- to 8-week miervais. toicweo oy a tourtn ci-se ol 0 5 
mi approximately one year alter me miro oose.

It is recommenoeo mat acnve immunization against oionmena. letanus. ano oenussis 
oe staneo at 2 monms oi age.'-' All ooses snouid oe miecieo intramuscularly. preieraoiy 
mio me imoiaierai muscles ol ihe inign or oeiltxo. wilh care ro moo major oenonerai nyrv» 
IfJlflkS. \

rin ic rruDH on  oi me recommenoea scneauie wnh a oeiay ceiween ooses ooes noi interfere \

Lwnn me imai immunity acnieveo: nor ooes il necessnaie siamng me senes over agam I
regaifliess ol me lengtn ol nme eiaoseo oetween o o se s '______________________________
-'A  recoil looosien oose ol 0 .5  mi is moicateo al age 4-6 years oreieraoiy pnor to en­
trance into kmoerganen or elementary scnooi However n me lourm oose oi ine o a s ic ^ ^  
immunising senes was aominisiereo alter me lounn oinnoay. a recall (oooster) oi O t r ^ M  
pnor lo scnooi entry is noi consroereo necessary '

For eimer basic or recall looosieri immumsanon agarnsi tetanus ano fliomnena ot m- 
Oividuais 7 years ot age ano oioer. me use ol Tetanus ano Dioninena Toxoios Aosoroeo
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STORAGE
To m ain ta in  p o tency  it is  n ec essa ry  to 
s to re  th is vacc in e  a l a tem pera tu re  which 
w ill m ain ta in  ice  c o n t in u o u s ly  in a so lid  
s ta le . This vacc in e  m ay  rem ain  llu id  a l 
tem pera tu re s  ab ove  -1 4 °  C ( + 7 °  F ) 
b ecause  o l its  s o rb i lo l c on ten t. II fro zen , 
Ih e  vacc in e  m u s l be  c om p ie le ly  thawed 
p rio r to u se . An unopened  c on ta in e r o l 
vacc ine that h a s  been  Iro zen  and  then is 
thaw ed m ay be c a rr ie d  th rough  a m ax ­
im um  o l 10 Ireeze -th aw  c y c le s , p rovided 
Ih e  tem pe.-a lu re d o e s  n o i exceed  8 °  C 
(46  ’  F) du ring  the p e rio d s  o l thaw , and  
p rovided tne to ta l c u m u la liv e  d e ra tio n  o l 
thaw  d o e s  no t e x ce ed  24 hou rs II the 
24 hour p e riod  is  e x ce ed ed , the  vacc .ne  
then m ust he u sed  w ith in 30 days, cu ring  
whu.h tune it m ust be s to re d  at a tem per­
a tu re  be tw een  2 8 °  C (3 6 -4 6 °  F | 
D IS C L A IM E R  OF 
R E P R E S E N T A T IO N S  A N D  
W A R R A N T IE S  

This vaccine has b e e n  produced 
and tested in acco rdance  with the 
regu la tions of the United S ta tes  
F o o d  a n d  Drug Administration fo r 
the p roduction o f Po liov irus Vac­
cine, Live, O ra l T riva lent. The 
manu facture r m akes  no  rep resen ta ­
tion or warranty, exp ressed  or im ­
plied, with respect to the merchant­
ability or f i tness fo r  u se  of this vac ­
cine o ther than that the vaccine has 
been produced in acco rdance  with 
the standards fo r  its production 
prescribed by the United Sta tes 
Food a n d  Drug Administration and 
app licab le  thereto at the time o f its 
re lease  by the manu factu re r . While 
the use of this p repara t ion  and 
other measu res  descr ibed  herein 
a r e  cons is ten t with accep ted s tan ­
dards o f medical pract ice , their use 
a s  described canno t  be expected 
necessar i ly  to a ssu re  a specific  
result .
HOW SUPPL IED
2 0 8 4 0 8  - 10 (0 .5  m l) D ISPETTES ' D is ­
p o sa b le  P ip e tte s  
2084 -12  50 (0 5  m l) D IS PETTE S ' 
REFERENCES
1. Code ol Federal Regulations. 21 CFR: 

63 0 .1 7(c j, p age  8 4 , R ev ised  April 1, 
1982.

2 . R e c om m en d a tio n s  o l the  P u b lic  
H ea lth  Se rv ice  Im m un iza tion  P ra c ­
tices Advisor-, C om m itte e  (ACIP). 
M orbidity and  M ortality W eekly  
Report 31 (3 ):22 -34 (Jan . 29 ) 1382.

3. Report o t the C om m ittee on the Con­
trol o t Infectious D iseases Amer. 
Acad, o t Ped 19th Ed ition , 207-211 , 
1982

4 . N igh tinga le . E .O .: R ecom m end a tio n s  
lO' a  N a tio n a l P o lic y  on  P o liom ye lit is  
V acc in a lio n . N Engl. J. Med 297(5 ): 
24 9  253 , 1977

5 R ecom m end a tio n s  o l AC IP  S im u lta ­
n e ou s  A dm in istra tion  o l C e r la in  Live 
V irus V a c tm e s  Morbidity and Mor­
tality Weekly Report 2 1 |4 7 |.4 0 3  (Nov. 
2 5 1 '9 7 2

6 . Fe igm . R O  e l at.: V acc in e -R e la ted  
P a ra ly t ic  P o liom ye lit is  in an Im- 
m u n o d e lic ie n t C h ild  J. Pediatr. 
79 (4 |:6 42  647 . 1971

7 R iker J B  et al.: V acc in e -A ssoc ia ted  
P o liom ye lit is  in a Ch ild  W ith  Thym ic 
A bnorm a lity  Pediatrics 4 8 |6 |.9 23 -929 . 
1971

8  Im m un iza tio n  P ra c t ic e s  A d v iso ry  
C om m ittee  (AC IP ). G en e ra l R e c om ­
m enda tion s  on  Im m un iza tion . Mor- 
bid 'tv and Mortality W eekly Report 
29 |7 j ’ 5 -83 (F eb  22) 1980

9 Muinick j  L Advan tages and  D isa d ­
v an tag e s  o l K i lle d  and  Live P o lio ­
m y e li t is  V a c c in e s . Bull. IV H O 
56 [1 ):21 -38 . 1978.

10. H ende rson  D A  el al.. P a ra ly t ic  
D ise a se  A ssoc ia ted  with O ra l P o lio  
V acc in e s  JAMA 190 |1 |:41 -48  (Oct 5) 
1964

11 M orse . L J  el ai V acc ine  Acquired 
Pa ra ly t ic  P o liom ye lit is  in an Unvac- 
c in a te d  M o th e r . JAM A  1 9 7 (1 2 ): 
1034-1035 (S e p ;. 19) 1966.

12. Sw an son . P .D . el al.: P o liom ye lit is  
A ssoc ia te d  with Type 2 V irus. JAMA 
201( 10] 771-773 (Sept. 4) 1967.

13. Balduzz.i. P  e ra / . :  P a ra ly t ic  P ohom y 
e li l is  in a C on tac t o l a V acc in a ted  
Ch ild . N Engl. J. Med. 276 (14 ): 
796-797 . 1967.

14. C en ter lo r  D ise a se  C on tro l: Neuro- 
tropic D iseases Surveillance Annual 
Poliomyelitis Summ ary 1971. (M arch 
1973).

15. Evidence on  the S a fe ty  and  E llic a c y  
o l Live P o liom ye lit is  V acc in e s  C u r­
ren tly  in U se , w ith S p e c ia l R e fe ren c e  
to Type 3 P o liov iru s . Bull. W.H.O. 
40 (6 |:925 -945 . 1969.

16. W e lsh , J . K. el a l : A n li-m lec tive  P ro p ­
e rt ie s  o l B rea s t M ilk. J. Pediatr. 94 
(1):1-9 . 1979.

17. K rugm an , R .O . el al.: A n tibody P e r­
s is te n c e  A lte r P rim ary  Im m un iza tion  
W ith  T riva lent O ra l P o lio v iru s  V ac ­
c in e . Pediatrics 60 |1 ):80 -82 , 1977.

LEDERLE LABORATORIES DIVISION
American Cyanam id Company, Pear l River, N.Y. 10965

REV. t

15589-D12

8 0 :1 2POLIOVIRUS VACCIN E, LIVE, ORAL TRIVALENTORIMUNE®
0.5 ml Dose 

Con ta in s  So rb ito l 
SABIN STRAINS TYPES 1, 2 and 3

FOR ORAL ADMINISTRATION - NOT FOR  INJECTION

DESCRIPTION
M a n u fa c tu r e  a n d  C o m p o s i t io n -  
O R IM U N E ' TRIVALENT VACC INE is  a 
m ix tu re  o l th ree  types o f a tte n u a le d  
p o lio v u u se s  which have been p ro p ag a te d  
in c e rc op ith e cu s  m onkey k idney c e ll 
c u ltu re  The c e lts  a re  g row n  in the  
p re sen ce  o l E ag le 's  B a sa : M edium  c o n ­
s is tin g  o t E a rle 's  B a la n c ed  S a lt S o '.d io n  
con ta in in g  am in o  ac id s . a n lib 'O hcs  arid 
c a ll se rum  A tter c e ll g row .h , the m ed ium  
is  rem oved  and  re p lac ed  with tre sh  
m ed ium  con ta in in g  the in o cu la t in g  v iru s  
but n o  c a lf se rum . The fin a l v a cc in e  is 
d ilu ted  with a  m od ified  c e ll c u ltu re  
m a in ten an ce  m ed ium  con ta in in g  s o r ­
b ito l Each d o se  (0 .5  m l) c o n ta in s  le s s  
than  25  m ic rog ram s  o l e a ch  o f the  a n ­
t ib io tic s . s trep tom yc in  and neom yc in .
The po tency  is e xp re ssed  in te .m s  o l the 
am oun t o f v irus con ta in ed  in the  re c o m ­
m ended  d o se  a s  t is su e  cu ltu re  in fe c tiv e  
d o s e s  (TC ID ,,;. The hum an d o se  o i v a c ­
c in e  con ta in ing  a ll th ree v irus types s h a l l 
be con st itu te d  lo  have in a c t iv ity  t ite rs  In 
the  fin a l c o n ta in e r m a te ria l o f 10 ’ 4 to  1 0 “  
lo r  Type 1, 10“  to  10 “  lo r  Type 2 and  10 “  
10 10“  lo r  Type 3.'
Color Change: T h is  v a cc in e  c o n ta in s  
p h en o l red a s  a pH ind ica to r. The u su a l 
c o lo r  o l !he  vacc in e  is  p ink , a lth ou g h  
s om e  c on ta in e rs  o l  vacc ine , sh ip p ed  o r 
s to re d  in d ry  ice , m ay exh ib it a  y e llow  c o l­
o ra tio n  due to  the  very low  tem pe ra tu re  o r 
p o s s ib le  a b so rp t lc n  o f c a rb on  d io x id e . 
The c o lo r  o l the  vacc in e  p rio r to  u su  (red  
■pink • y e llow ) h a s  no  e ffec t on  Ih e  v iru s  o r 
e ll ic a c y  o l  the  vacc ine .
IND ICATIONS AND USAGE 
The p u rp o se  o l  adm in is te ring  any a t ­
t e n u a le d . liv e , v iru s  v a c c in e  is  to  
s t im u la te  Ih e  body  m echan ism  to  p ro ­
duce  an  ac tive  im m unity by s im u la tin g  
th e  n a tu ra l in fe c t io n  w ilh ou t p rodu c in g  
un tow ard  sym p tom s  o l Ihe d is e a s e . To 
a c c om p lis h  th is w ith li'-e p o lio v iru s  v a c ­
c in e , il is n e c e s s a ry  lo r  th e  v iru s  to  
m u ltip ly  in Ih e  in te s tin a l trac t. A p rim a ry  
s e r ie s  o l th is  vacc in e  Is d e s ig n ed  to  p ro ­
d u ce  an an tib od y  re sp on se  Ic  p o lio v iru s  
T ypes 1, 2  and 3 . Th is re s p o n se  is  c o m ­
p a ra b le  lo  the im m unity induced  by Ih e  
n a tu ra l d is e a se . The an tib od ie s  th u s  
fo rm ed  h e lp  p ro te c t  th e  in d iv id u a l 
a g a in s t c lin ic a l p o liom ye lit is  in le c t io n  by 
an y  o l Ihe th ree  types o f p o lio v iru s . W hen

u seo  in the p re sc rib ed  m anner lo r  prim ary 
im m un iza tion , ly p e  sp e c ific  n eu tra liz ing  
an tib od ie s  w ill b e  induced  in  9 0 %  ot 
m ote  o l su sc ep tib ie s .
Tn.s vaccm e is indicated lor use  in the 
prevention o l poliom yelitis ca used  by 
pcnovirus Types I. 2 and 3 
■ n f jn ts  s la tt in g  a l s ix  to  tw e lve w eeks o l 
j g o  all un im m unized  children  and  
aco lescen ts th rough  age 18 a re  the u sua l 
c an d id a te s  fo r ro u t in e  p rop h y la x is .
The Im m un iza tion  P ra c tic es  A ov iso ry  
C om m itte e  (IPAC ) o i Ihe P ub lic  H ea lth  
S e r v ic e  s t a t e s  lh a l  t r iv a le n t  o r a l 
p o liov iru s  vacc ine  -JO PV ) and  inac tivated  
p o lio v iru s  vacc ine ;IPV ) are bo th  e fle c t iv e  
in p reven ting  p o liom ye lit is . TOPV is the 
v acc in e  o l c h o ic e  lo r  p rim ary  im m un iza ­
tion c t ch ild ren  in th e  Un ited S ta le s  when 
the  b en e fits  ano  risk s  lo r  the entire  
p op u la tio n  a re  c on s id e red . TOPV is 
p re fe rre d  b ec au se  it Induces in te stin a l 
im m un ity , is s im p le  to  adm in is te r, is w ell 
a c cep ted  by p a tien ts , re s u lts  in im ­
m un iza tion  o l s om e  c on ta c ts  o l v a c ­
c in a ted  p e rson s , and  ha s  a re co rd  o l  hav­
in g  e s s e n t i a l ly  e lim in a te d  d is e a s e  
a s s o c ia te d  with w ild  p o liov iru s  in th is 
c ou n try . ’  The c h o ic e  o l TOPV a s  Ihe 
p re fe rre d  p o lio v iru s  vacc in e  in the  United 
S ta le s  h a s  a ls o  been  m ade by Ih e  Com - 
m u tee  on  In le c t io u s  D ise a se s  o l  Ihe 
A m erican  A cadem y o f P ed ia tr ic s  and a 
s p e c ia l expert c om m ittee  o l the Institu te  
o f M ed ic in e , N a t io n a l A cad em y  o l 
S c ie n c e .’ 4 TOPV Is a ls o  recom m ended  
lo r  c o n tro l o f  ep id em ic  p o liom ye lit is . ’ -1 
P a s t h is to ry  o l  c lin ic a l p o liom ye lit is  o r 
p rio r v acc in a tion  w ith  IPV in o th e rw ise  
h ea lth y  ind iv idua ls  d o e s  not p rec lude  Ihe  
a dm in is tra t ion  o f TO PV  when o the rw ise  
in d i .a te d .
S e r o lo g i c  e v id e n c e  in d ic a t e s  tn a t  
m e a s le s  and  ru b e lla  v acc in es  o r c om ­
b in a t io n s  (m e a s le s -m um p s -ru b e lla  v a c ­
c in e ) g iven s im u lta n e o u s ly  w ith triva len t 
o ra l p o liov iru s  v acc in e  can be  e zp ec ted  
lo  g ive adequ a te  an tib od y  re sp on se .' 
R ou tin e  p o liom ye lit is  im m un iza tion  fo r 
a d u lts  res id ing  in th e  con tin en ta l United 
S la te s  is  no t n e c e s s a ry  b e c au se  o l ex ­
trem e un lik e lih o od  o l  e xp osu re . However, 
p rim a ry  im m un iza tion  with IPV  is re com ­
m en d ed  w h en eve r fe a s ib le  (o r  th o s e  
un im m un ized  a d u lts  su b je c t lo  increased  
risk o l  e xp o su re , a s  by trave l lo  o r  c on tac t



with ep id em ic  o ^ n d e m ic  a re a s  and  lo r 
th o s e  em p lo y e d  in h o sp ita ls , m ed ica l 
la b o r a t o r i e s ,  c l i n i c s  o r  s a n i t a t i o n  
la c i l i t i c s  II le s s  th an  4 w eek s  a re  
a v a i la b le  b e fo re  p ro te c t io n  is  needed , a 
s in g le  d o s e  o l  TOPV is recom m ended , 
w ith IPV g iven  la te r it Ihe p e rson  rem ain s 
a l in c re a s e d  risk , im m un iza tion  w ith IPV 
m a y  be  in d ic a t e d  lo r  u n im m u n iz e d  
p a re n ts  and  th o se  in o th e r sp ec ia l s itu a ­
tion s  w here , in ih e  judgem en t o l the a t ­
tend ing  p h y s ic ia n , p ro te c t io n  m ay  be 
n e e d ed .’ (s e e  CO N TRA IN D ICA T IO N S and 
ADVERSE  REA CT IO N S .) 
CONTRAIND ICATIONS 
Under no c ircum stances snouid this vac­
cine 20 adm inistered  parenterally 
A dm in istra tion  o l the  v acc in e  sh ou ld  be 
p o s tp on ed  o r  a v o id ed  in th o se  e xp e r ie n c ­
ing a n y  a c u te  i l ln e s s  and  in th ose  with 
any ad van ced  d eb ilita ted  cond ition  o r 
p e rs is ten t vom iting  o r d ia rrh ea . 
ORIMUNE m ust no t be administe r­
ed to pat ien ts with immune de fi­
c iency d is ea se s  such a s  combined 
im m u n o d e f i c i e n c y ,  h y p o g a m ­
m ag lo b u l in e m ia  and  a g a m m a ­
g lobu l inem ia . It wou ld a ls o  be pru­
dent to w ithho ld ORIMUNE Irom 
sib lings o f a child known to have an 
immunode fic iency  syndrome. Fur­
ther, OR IMUNE m ust no t be ad ­
m inistered to patients with altered 
immune s ta te s  such as those o c ­
curring in thymic abnorma lit ies , 
leukem ia , lymphoma or genera lized 
ma lignancy o r by lowered res is ­
tance  f rom  the rapy  with c o r ­
t icoste ro ids , a lky la t ing drugs, a n ­
t imetabo lites  o r  rad iation. All per­
son s  with a lte red immune s tatus 
shou ld  a /o id  c lo s e  household -type 
contact with rec ip ients o f the vac­
cine fo r at leas t  6-8 weeks. IPV is 
p re ferred fo r  immunizing ail per­
s on s  in this se tt ing .21**-2 
PRECAUTIONS
O ther v iru se s  (in c lu d in g  p o liov iru s  and 
o ther en te ro v iru s ) m ay in te rfe re  w ith the 
d e s ired  re s p o n se  to  th is vacc ine , s ince  
their p re se n ce  in the  in te s tin a l tract m ay 
in te rfe re  w ith the  re p lic a tio n  o l trie a t ­
tenua ted  s tra in s  o t p o lio v iru s  in the v a c ­
cine.
It w ou ld  seem  p ruden t not to adm in is te r 
TOPV sh o r t ly  a lte r Im m une Se rum  G lo ­
bu lin  (ISG ) u n le s s  su ch  a p rocedu re  is 
unavo id ab le , lo r  e x am p le , w ith unex- 
p e e led  trave l to  o r c on ta c t w ith ep idem ic 
a re a s  or endem ic  a re a s  II TOPV is g iven 
with o r s h o r t ly  a lt e r  ISG . the  d o se  p ro b ­
ab ly  sh ou ld  be re p e a le d  a lte r th ree 
m o n t h s ,  i l  im m u n iz a t i o n  is  s t i l l  
ind icated  * H ow ever, ISG  m ay not in- 
le r le re  w ith im m un iza tion  with TOPV •
The vacc in e  is  not e lle c t iv e  in m od ify ing  
o r p reven ting  c a s e s  o l e x is ting  and/or in ­
cubating  p o liom ye lit is

Use in Pregnancy
A lth ough  the re  is  no  convinc ing  ev idence 
d ocum en tin g  adve rse  e lle c t s  o l e ither 
TO PV  o r IPV  on  Ihe  deve lop ing  le tu s  or 
p re g n an t w om an , it is  p ru d en t on  
th e o re t ic a l g round s lo  avoid  vacc inating  
p regnan t w om en H ow ever, it im m ed ia te  
p ro te c t io n  aga in s t p o liom ye lit is  is  n e e d ­
e d . TO PV  is  re c o m m en d e d  2 (S e e  
C O N TRA IN D ICA T IO N S  and  A DVERSE  
R E A C T IO N S )
ADVERSE  REACTIONS 
Pa ra ly t ic  d isease fo l low ing the in­
ges t ion  o f live po liovirus vaccines 
h a s  been , on rare occas ion , repor t ­
ed in individuals receiving the vac ­
cine, (see  fo r examp le  CONTRA IN ­
D ICATIONS) and in pe rsons  who 
were in c lo se  contact with vac- 
c i n e e s . 2 1 * ’ ° ” ’ 2 ”  The v a c c in e  
v iruses a re shed in the vaccinee ’ s 
s t o o ls  (o r  at least 6 to 8 weeks as  
well as  via the pharyngea l route . 
Most reports  o f para ly t ic d isea se  
fo l low ing  ingestion of Ihe vaccine 
o r  con tac t  with a recent vaccinee 
a re  b a s e d  on e p id e m io l o g i c a l  
ana ly s is  and tempora l a ssoc ia t ion  
between vaccination or con tact and 
th e  o n s e t  o f s y m p t o m s .  M o s t  
au tho r i t ie s  believe that a causa l 
re la t ionsh ip  ex is ts .210’ * ”
The  r is k  o f  v a c c in e - a s s o c ia t e d  
pa ra ly s is  is extremely small fo r vac- 
c i n e e s ,  s u s c e p t i b l e  f am i ly  
members  and other c lose  pe rsona l 
c o n ta c t s .2 However, pr io r to  a d ­
ministra tion o f the vaccine, the a t­
tending physic ian shou ld warn or 
spec i f ica l ly  direct personne l acting 
under his authority to convey the 
warn ings to the vaccinee, parent, 
gua rd ian  or other respons ib le  per­
son  o f the possibi lity o f vaccine- 
a sso c ia ted  para lysis . The Centers 
fo r D isease  Contro l report that dur­
ing the yea rs  1969 through 1980 ap ­
prox imate ly  290 mil l ion d o se s  of 
TOPV were distributed in the United 
S ta tes . In the sam e  12 years , 25 
"vacc in e -a ssoc ia ted "  and 55 “ c on ­
tact vacc ine -assoc ia ted" para ly t ic 
c a se s  were reported. Twelve o ther 
“ v acc ine -assoc ia ted "  c a se s  have 
been repo rted  in p e rson s  ( rec ip ­
ients o r con tacts ) with immune de f i­
ciency cond it ions .2 These stat is t ic s  
do not provide a sa t is fac to ry  bas is  
fo r  est imating these risks on a per 
pe rson  ba s is . ’ *
W h en  the  a t t e n u a t e d  v a c c in e  
s tra ins are to be introduced into a 
househo ld  with adu lts  who have

not been adequate ly  vi-ccinated o r  
whose  immune s ta tu s  canno t  be 
de te rm ined , the risk o f  vaccine- 
a s s o c i a t e d  p a r a ly s i : .  c a n  be  
minimized by giving these adu lts  
three d o s e s  o f IPV a month apart  
b e f o r e  the  c h i ld r e n  r e c e iv e  
OR IMUNE.2 The CDC  reports  that 
no para ly t ic reac t ions  to IPV aro 
known to have occu rred  s ince the 
1955 c lu s te r  o f  po liomye lit is  c a s e s  
caused by vaccine that con ta ined 
live po liov iruses that had e scaped  
inactivation .2
The Im m un iza t ion  P ra c t ic e s  Ad ­
visory Committee o f  the U.S. Pub lic 
Health Service s ta te s :
“ Because  of the overrid ing impor­
tance o f ensuring prompt and c om ­
plete immunization o f the child and 
the ex t rem e  rar i ty  o f  O PV -a s so -  
c ia ted  d i s e a s e  in c o n ta c t s ,  the 
C om m it tee  r e c om m end s  the a d ­
m in is t ra t io n  o f  O PV  to  a ch i ld  
regard less  o f the po liov irus-vaccine 
s tatus of adult househo ld  con tac ts .  
This is the usua l p ractice in the 
U n i le d  S t a t e s .  The r e s p o n s i b l e  
adult shou ld  be in fo rmed o l the 
sma l l risk involved. An accep tab le  
a l t e r n a t i v e ,  if th e re  is s t r o n g  
a ssu rance  that u lt imate , fu ll im ­
munization o l  the child will not be 
jeopard ized or unduly de layed is to 
immunize adu lts  accord ing to the 
schedu le  out lined above be fo re  giv­
ing OPV to the ch i ld ."2 
Tne Im m un iza tion  P ra c tic e s  A dv iso ry  
Com m it;*-? n a s  con c lu d ed  rna ! "O ra l 
p ou o  v a c o n e  rem a in s  in e  vacc ine  o f 
c h o ic e  tor p rim a ry  im m un iza tion  ol 
Child ren

ADMINISTRATION
ORIM UNE is to  be adm in is te re d  orally, 
imdei the supervision o l a physician. 
Under no  circum stances should this vac­
cine Oy adm inistered parenterally F o r 
conven ience , the vacc ine  is su pp lied  in a 
d isp o sa b le  p ipe tte  con ta in in g  a s in g le  
d o se  o f 0  5  m l The vacc in e  can  be  a d ­
m in is te red  d ire c t ly  o r m ixed  w ith d is t i lle d  
w ater, tap w a te r free  o f c h lo r in e , s im p le  
syrup  U S P o r  m ilk A lte rn a tive ly , it m ay be 
ad so rb ed  on  any o n e  o f a num ber o f 
fo o d s  su ch  as  b read , c a ke  o r  cube  sug a r. 
Community Programs 
Po liov iru s  V acc ine , Live, O ra l T riva len t 
has been recom m ended  fo r ep id em ic  
c on tro l W ith in  an ep id em ic  a re a , TO PV  
sh ou ld  tie p rov ided  lo r  a ll p e rs o n s  ove r 6 
w eeks o l ag e  w ho have no t been  c o m ­
p le te ly  im m un ized  o r w hose  im m un iza ­
tion s ta tu s  is  unknow n , w ith the  e x c e p ­
tion s  noted under im m un od e fic ie n cy .”

DOSAGE
Dose. E ach  s in g le  d o se  c o n s is t s  o l 0 .5  m l 
o f P o lio v iru s  V acc in e , L ive. O ra l T riva len t 
OR IM UNE
Initial Adm inistration (Primary SeriesI 
Inlants: The p rim a ry  s c r ie s  is  th ree d o se s . 
The Im m un iza tion  P ra c t ic e s  A dviso ry 
C om m itte e  (P u b lic  H ea lth  Se rv ic e ) re c om ­
m ends  that th e  th ree  d o se  im m un iza tion  
se r ie s  be s ta rte d  a t 6  to  12 w eeks o f ag e , 
c om m on ly  w ith th e  lirs t DTP in o cu la t io n . 
The sec on d  d o s e  sh ou ld  be  g iven  no t le s s  
than  6  and  p re fe ra b ly  8  w eeks  la te r. The 
third d o s e  is an  in teg ra l part o f the 
p rim ary  im m un iza tion  and  sh ou ld  be  a d ­
m in is te red  8 to  12 m on th s  a lte r  the s e c ­
ond  d o s e 2
The A m erican  A cadem y o f P ed ia tr ic s  
re com m end s  ih a t th e  vacc in e  be a d ­
m in is te red  a l 2  m on th s , 4 m on th s , and  at 
ap p ro x im a te ly  18 m on th s  o l a g e  An o p ­
tion a l d o s e  o l TOPV m ay b e  given a t 6 
m on th s  in a re a s  w here p o liom ye lit is  is  
endem ic  *
A dm in istra tion  lo  Ih e  new born  (under 6 
w eeks) is  no t g e n e ra lly  recom m ended  
b e c au se  o l the vary ing  p e rs is te n c e  o t 
m a te rn a l an tib od ie s . H ow ever, in ce rta in  
tro p ic a l endem ic  a re a s , w here p o lio ­
m ye litis  h a s  been  in c rea s in g  in recen t 
y e a rs , the p h ysic ian  m ay w ish to  a d ­
m in is te r TOPV lo  the  in fan t at birth , and  
com p le te  the b a s ic  c o u rs e  du ring  the firs t 
s ix  m on th s o f li fe .1 II the  physic ian  
c h o o s e s  to im m un ize the  in fan t at birth , it 
m ay be w ise to  wait until the ch ild  is  th ree 
d a y s  o ld . an o  it m ay be  p ruden t to  re c om ­
mend ab sten tio n  from  b reas t feed ing  fo r 
tw o to  th ree  h o u rs  b e fo re  and  a lte r o ra l 
vacc in a tion  to  perm it e s tab lishm en t o f 
the vacc in e  v iru se s  in ih e  gut.'*
Older Children and Adotes ents Ithrough 
age 18i Two d o se s , g iven no t le s s  than 6 
and  p re fe ra b ly  8 w eeks ap a rt and the 
th ird d o se  6  lo  12 m on th s  a fte r the s e c ­
ond  d o s e ’ '
Adults S ee  IN D ICAT ION S and  ADVERSE 
REA CT ION S W he re  OR IM U N E  is given lo  
un im m um zed a d u lts , the d o sa g e  is  a s  in ­
d ica ted  lo r  ch ild ren  and  ad o le sc en ts . 
Booster Ooses - School Entrance: On 
en te ring  e lem en ta ry  s c h o o l, a ll ch ild ren  
w ho have c om p le ted  the p rim ary  se rie s  
sh ou ld  be g iven a s in g le  lo liow  up d o se  o f 
tr iva len t o ra l p o lio v iru s  v a c c in e ”  A ll 
o th e r s  s h o u ld  c o m p le t e  th e  p rim a ry  
se rie s .
The Pub lic  H ea lth  S e rv ic e  A dvisory C om ­
m itte e  d o e s  n o t re c o m m en d  ro u t in e  
b o o s te r d o se s  o f vacc in e  on  the b a s is  o f 
cu rren t in lo rm a tio n , b eyond  that given at 
the lim e  o f en te ring  s c h o o l2 R ecen t da ta  
in d ic a te s  lh a l o v e r 9 5 %  o l  c h ild re n  
stud ied  live  y ea rs  a fte r fu ll im m un ization  
w iin o ra l p o lio v iru s  v acc in e  had  p ro te c ­
tive a n t ib o d ie s  to  a l l th re e  types o f 
p o lio v iru s ."
Increased risk. If an  ind iv idua l who ha s  
com p le ted  a  p rim a ry  s e r ie s  is  sub jec ted  
to  a su b s tan t ia lly  in c re a sed  risk  by v irtue 
o f con tac t, trave l o r o c cu p a t io n , a s in g le  
d o se  o l TOPV has  been  s u g g e s te d 2
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M S P
M-M-R®n
(MEASLES, MUMPS, and 
RUBELLA VIRUS VACCINE 
LIVE, m s d )

M -M -R "  g
(Meas 'e s .  M um ps ,  and  Rube i'a  Vuu s  Vaccme l i v e .  MSO I 

DESCRIPTION
M M R • II IMu.lU i 'S  M um ps ,  am i  Rubc'lA VuuS V.icc-np l i v e .  MSO I •* a live 

vuus vjic iiL1 ip ,  immunization agamst meas'es (rubooia). mumps and 
rube l la  'G e rm a n  m ea s le s )

M M R D is a s te ri le  l y oph i l i / o d  p rcua r . i t ion  o ' II I  ATTENUVAX1 IM e j s i e s  
Virus Vaccme l i v e .  MSO I .  a m o r e  a l l e n u . i i e d  Ime o l  m e a s le s  vuus .  der ived 
I r om  Enders '  a t tenuated  E dm on s to n  s l r am  and  g row n  in ce l l  cu l tu re s  o< 
chick em b r y o .  (2 1M U M PSV A X *  (M um ps  Viru s Vaccine l i v e .  MSOI .  i n r  j .- ry t  
Lynn IB leve ' l  s t rem  o l  m e m o s  v i ru s  g r ow n  in ce l l cu l tu re s  o f  chick em b ry o  
and  (31 M E R U V A X ’  B iRubei 'a  Virus Vaccme Live. M SD ) .  Ihe  W is ta r  RA 27 3 
stra in o l  'we a t tenua ted  rubc ' ia  v i rus  g r ow n  in h u m an  d ip lo id  ce l l IWl-381 
cu l tu re  1 ? The v . t rcme v i ru se s  are  the s am e  as ' h o s e  u sed  in the m a n u f a c ­
tu re Ol ATTENUVAX iM i-as ies V-t i .s V . u fm e  L-ve MSD I .  M UM PSVA X  
IMun ip- .  V ” us  Vaccme l i v e .  M SD '  am i m E R u v a x  Q iRubei 'a  V irus Vaccme 
Live. MSO I  The th ree  v i ru se s  a re  m ixed  be fo re  be ing  lyop lu ' i zed . The p rod  
net con ta in s  n o  p rese rva t ive

The recons t i tu ted  vaccme is lo r  s u b cu tan eou s  adm in is t ra t ion  W h e n  re- 
c o n s l i l u tc d  as d irec ted . Ihe  d o s e  lor in je ct ion is 0 5 m l  and  con ta in s  n o i  'ess 
than the equ iva len t  o l  1 .000 TC'Du. (t issue cu l tu re  in fect ious d o s e s i  o l  m e 
U S Re fe rence  M e j s ' e s  V irus ;  5 .0 0 0  TC ID jq  o l  the U .S .  Re fe rence  M um ps  
Vuus .  and  1 0 0 0  TCIO^q o l  the U .S .  Re fe rence  Rube l la  V i rus  Each d o s e  
con l . 'm s  ap o rO ' im a te 'v  75  rncg o l  ne om yc in  The produc t con ta ins  n o  p r e ­
servat ive S o rb i t o l  and  hvt l ro i ' zed  ye ia im  are  a f ld ed  as stabi lizers

CLINICAL PHARMACOLOGY
Cimicai  s iudms o '  2 79  tnp ie  se r onega t iv e  ch i ld ren . I I  m on th s  to  7 ve e r s  o l  

age. d em on s t r a t e d  that M -M -R Ii is h igh ly  im m u n o g en i c  and  g en e ra l l y  w e "  
to le ra ted  In these  studies,  a s ing le  m iH rtmn o '  the vaccme induced m ea s 'e s  
h em sgg lu tm e t i o n -m h ib i l i o n  IHI I an t ibod ie s  in 9 5  percen t m u m p s  neu t ra l iz ­
ing an t ibod ie s  m 96  percent ,  and  rube l la  HI an t ibod ie s  m 99  percen t o l  
su scoo i ib ie  pe rs o n s  

The HA 77 3 rube ' ia  s l r am  in M M R I) al iens h ighe r  im med ia te  post 
vacc ina t ion  HI. c o m o ’e m e n i - lm n g  and neutra l iz ing anubOOv 'eve's m an  
om e r  s i r am s  o ' r u b e " a  v a c rm e 1 " and has b een  s h ow n  to mduce a b r o ad e r  
p roM e o l  c i rcu la ting an t ibod ie s  inc lud ing ant. theta and anti-iota o r e c i c i a t  
•nq an t .pod 'e s  "  The RA 27 3 ruom ia  S l r am  .m m un o lo g ic e l i y  s imu la tes  
no iu ra i  m ln c n on  m o r e  c lo s e ly  m a n  o in e r  rube l la  vaccme v i ru se s  " ' 13 The 
in c reased  'eve's and  b ro ad e r  p ro f i l e  o l  an t ib od ie s  p rodu c ed  by RA 27 3 
st ra in rube l la  v i ru s  v eccm e app e a r  to  c o r re la te  with  g rea te r  re s is tance to 
subc l in ica l  r em lec t ion  with  the wi ld  s i i u e . " - ’ 1''4 end p rov id e  g rea te r  c o n ­
f idence l o r  la s t ing  im m un i t y  

Vaccme induced  an t ib od y  leve ls  f o l l ow in g  adm in is t ra t ion  o f  M -M -R D 
have b eon  s h ow n  to  pers is t  l o r  et least two ve e r s  w i thou t substant ia l  
dec l ine . ' 6 An t ib ody  leva 's ah e r  im m un iza t io n  w ith M-M-R IM oas le s ,  
M um p s ,  and  Rube l le  V u u s  Vaccine Live. M SD I ,  con ta in ing  the HPV-77 s l ram  
o f  rube l le ,  havo  pe rs is ted  lo r  10 5 y ea rs  w i l h o u l  substan t ia l  d ec l in e . ' 7 II (he 
p resen t  pat te rn  con t inues ,  d wil l p rov ib e  a basis l o r  the expec ta t ion  that 
im m un i ty  fo l l ow in g  vacc ina t ion  wi l l  Oe p e rm anen t .  However ,  con t inued  
su rve i l l ance  wi l l  be re qu i re d  l o  dem ons t ra te  this point.

INDICATIONS AND USAGE
M-M-R B is ind icated l o r  s im u l ta n eou s  im mun iza t io n  aga inst  m eas le s ,  

m u n p s .  and  rube l la  in p e r s o n s  15 m on th s  o f  age o r  older.  A b o o s t e r  is not 
needed

in 'an ts  w hp  are less m an  i s  m on th s  o i  age m ay  (ad to  r e sp o n d  to  m e  
m ea s 'e s  c om p on en t  o '  m p  vacc ,n e due l o  p re sence  in me circu la t ion o l  
re s idua l  m ea s 'e s  an t ib od y  o l  m a i e m a l  o n g m .  the yo u n g e r  the m la n l ,  the 
l ow e r  mn l ik e l ih ood  o f  s e r ocuuvu rs ton  in g eog rap h ic a l l y  i so la ted  Or om e r  
r e l j  ivu ly inaccess ib le  p op u la t i o n s  lo r  w h o m  im mun iza t io n  p r o g r am s  are 
l o y i i l i c j l l y  dd l ic u l l .  and  m p opu la t io n  g r o u p s  m wh ich  natu ra l  m ea s le s  
in fect ion  m a y  occu r  in a signif icant p r o p o r t i o n  n l  in fants  b e lo r e  15 m on th s  o l  
age. ii m a y  he  de s i r a b le  l o  g ive Ihe vacc ine to  i n l a n d  al  an ea r l ie r  age 
In fants  vacc inated u nd e r  th ose  cond i t ion s  at loss  th an  12 m on th s  o l  age 
sh o  j l o  be revacc ina ted  a l te r  reach ing  15 m on th s  o l  age .  The re  is s om e  
ev ic once  l o  sugges t  that in tents im m un iz ed  at less  than on e  year o l  age m ay  
no i  d e v e lo p  sus ta ined  an t ib ody  leve l*  w h e n  la te r r e im m un izod .  The ad v an ­
tage o I  ea r ly  p ro tec t ion  mus t  be we ighed  aga inst the chance ( o r  fa i lu re  l o  
r e s p o n d  adequa te ly  o n  r t r im m un i fu l i o n  ' •
'R e g is t e r e d  tr a dem a rk  o l  MERCK H CO inc 

p i - .w i  • M r u - ' y  f, i ' ( )  u . r  t-s.tr.
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M-M-fi* p
IMeosles, Mumps, and Rub tlls  Virus Vaccina liv e , MSO)

-eviously u n im m um zed  ch . ld ren  o l  suscep t ib le  p regn an i  w o m e n  s n ou id  
live live e l t e nue ied  rube l la  vaccme. b ecau se  an im m un i z ed  chitq w i l l  be 
• l ikely l o  acqu i re  na tu ra l  rube l la  and  in t roduce  m e  v i ru s  in to '.be h ou s e -  
i.
y-Pregnan' Adolescent end Adult Females
n m un i r s l i o n  o l  suscept ib le  non  p regnan t  ado le scen t  and  adu l t f em a le s  
b i ldbea rmg age with  live aite i iunind r ube l la  v i rus  vaccme is mri'carnd il 
tain p recau t ions a re o b s e r v e d  tson b o i o w a n d  PRECAUT iONS i  Vaccmat 
suscepnb ie  pos tpnbo rt .n  tema 'es  con l i - r s  m t l i v d u a i  p r o i e c u o "  ag a in s t  
i sequem ly acquiring rube l la  m iecnon  du r ing  p/egnancy . wii -cn in l u m  
vonts in le cnon  0 1 the l e ln s  and con seqn en i  cunqen i ia l  rubc l 'a  in ju ry '9 
V om eno l  ch i ldbear ing  age s h o u 'd b e  adv is ed  not to  b e c om e  p r e g n j n i  to r 
16 m on th s  a lte r vacc inat ion and  sh ou ld  be m lp rm e o  o l  the r e a s on s  l o r  
I p recau t ion . '
i is re c om m en d e d  that rubet ie suscept ib i l i ty  be d e te rm in ed  by s e r o log ic  
ling p r io r  l o  immun iza t ion  ' • II im m un e ,  as e v id enced  by a spec ific 
■alia an t ibody  liter o l  1 :8  o r  grea te r  m cm og g iu lm a l i o n . i n n ib i t l o n  test), 
xm a l i o n  is unn ec e s sa ry  Congen i ta l  m a l f o rm a t io n s  d o  occu r  in up  to  
ren percent o f  al l l ive b u m s ?0 Then chance app e a ra n ce  a l te r  vacc ina t ion  
aid lead to  m is in te rp re ta t ion  o l  me cause , par t icu la r ly  if the p r io r  rubeba - 
mune sta tus o l  yaccmees  is unknown
’ os tpube r ta l  fema le s  s h ou ld  tic in f o rm ed  o l  the l»e<iueni o c m ' r im c r  o l  
(■limited ar th ra lg ia  and poss ib le  ar thrit is beg inn ing  7 to  4 week s  a l to r  
tcmation (see  AOVERSE REACHONS I 
Stpertum Women
< has b een  (o u n d  conven ien t  m m an y  ins tances  l o  vacc inate rube l la -  
sceptib le w o m e n  in the immed ia te  p o s tp a r tum  pe r iod .  (S e e  Nursing 
others.)
Peveccmst.on: Ch i ld ren  vacc inated When yo u n g e r  than  12 m on th s  o l  age  
ou ld  be rovaccinated . Ba sed  on  ava i lab le  ev idence the re  is n o  r e a s on  to  
utinely r e vsccm a le  p e r so n s  w h o  w e re  vaccmated  o r ig in a l l y  w*--n  12 
on ths o l  age o r  older.  However ,  p e r s o n s  sh ou ld  be re vaccma ted  i l i i . e is 
idence  to  sugges t  ihat initial im mun iza t ion  was  inef fec tive 
in wrl/i other Vaccines
Routine t d m s n i s l r a h o n o f  OTP fd -p 'uhc r ia .  te tanus p cM u s v s l  nnd or OPV  
rat po l i ov i ru s  vaccme) c oncon i i t  jn b >  w i n  moas tcs .  m u m p s  nnd rube l la  
iccmes is not r e c om m en d e d  because  m e re  a re insuff ic ient da ta  le ia tm g  to  
« s im u l taneou s  adm in is t ra t ion  u< m ese  an t igens Howeve r ,  me Amer ican  
caOemy o l  Ped ia tr ics has  n o te d  mat in s om e  c i rcumstances ,  pa r t icu la r ly  
hen m e  ootient m ay  not re tu rn ,  s om e  orar- . l ihonnrs p re fe r  to adm in is te r  al l 
>6se ant igens o n  a sm q ied ay . l t  d one ,  sepa ra te  s n e s a n d  sy r inge s  sn ou id  be 
ted to r DTP and  M -M-R O2’
M-M-R D sh ou ld  not be g iven  less m an  on e  m n n m  De lo re  o r  al te r  adm in -  
(ra t ion  o l  o the r  vi ru s vacc ines

CONTRAINDICATIONS
Do not g ive M M R 0 to p regnen t  l em e l e s :  the oo s s 'b t e  e l lec t s  o l  Ihe 

acc ie on  feta l d e v e lopm en t  am  u n kn ow n  at th is t ime II v a c cm au on  o l  
os tpube r ta l  l em m as  is under taken ,  p iegnanc y  snou id  be av o id ed  lo r  th ree  
nonths fo l low ing  vacc inat ion (S e c  PRECAUT IONS .  Pregnancy I 
Anaphy lec to id  react ion to n e om ycm  (eacn  d o s a  o l  re cons t i tu ted  veccme 

onta ins app ro x im a te ly  2 5  meg o l  n eomyc in ) .
H is to ry  o l  anaphy lac to id  re act ion to  eggs  (see  HYPERSENS IT IV ITY  TO 

iGGS be low l .
Any  feb ri le  re sp i ra to ry  i l lness  o r  om e r  active feb ri le m iecnon .
Active un trea ted  tubercu lo s is
Pat ients receiv ing im m un o sup p re s s i v e  the rapy  This con t ra ind ica t ion  

toes not app ly  to  patients w h s  are receiv ing c o r t ico s te ro id s  as re p lac em en t  
herepy.  e g . l o r  Addison 's d isease  

Indiv idua ls  w n n  b lo od  dysc ras ia s .  l eukem ia ,  l ym p h om a s  o l  any type , o r  
i ther ma l ignan t  n e o p la sm s  affect ing the b on e  m a r r o w  o r  lym pha t ic  s y s ­
tems

P r im ary  im munode f ic ienc y  sta tes , inc lud ing ce l l u la r  im m u n e  debc ien - 
;ies,  h y p o g am m ag iob u lm em ic  and dy sg am rn a g io b u im em ic  states .

Ind iv idua ls  w ith  a fam i ly  h i s to ry  o l  congen i ta l  o r  he red i ta ry  im munode l t -  
riency. unti l m e  im m un e  com pe tence  o l  the potent ia l  vaccme rec ip ient is 
lem on s t r a t e d . 22

•NOTE :  The Im mun iza t ion  Pract ices Adv iso ry  C om m it te e  (ACIP) has  rec ­
om m e n d e d  "in v iew  o l  m e  im po r ta nce  o f  pro tect ing ihis age 
g roup  ago inst rube' ia . re a sonab le  p ra c auh on s  m a rube l la  im m u ­
nization p r o g r am  Inc lu f lo  askmg lem a ie s  i l th ey  are p regnan t ,  
exc lud ing  th ose  w h o  say  they are. and  axp lem ing  the 'heo re t ica l  
risks to  the o the r s  " ' 9  

" N O T E - T h e  Im mun iza t io n  Prac tices A dv i s o ry  C on i rm n ee  lAClPI has 
S lamd "W h e n  practica l, end  when  r enab le  l a b o r a t o r y  serv ices  are 
ave i l sh ie .  on ie n lm l  vacc -nee i  o l  ci ">db«armg ag s  can have 
se ro log ic  tests to  d e te rm ine  ju tcao i 'U - 'U y  to r u b e l l a .  . H o w e v e r  
rou t ine ly  p e r f o rm ing  sprcuoq.c t e n s  lo r  an lem d ie s  o l  ( .tulUbu.u- 
mg ag e  to  de te rm ine  susceptibil ity so  mat vaccme n  g .ven  on ly  to 
p ro v en  suscep t ib le*  'S c x o e n s iv f  jn<) has linen .n e l le cuvc  m 
som e  a r eas  Accordingly , m e ACiP beneves ma t  rube l la  vacc ina­
tion o l  a w o m en  w h o  is not kn own  to be p regnan t  and  nas n o  
h is to ry  o l  vacc inat ion is just if iab le  w ithou t s e r o log ic  te sting ."  D

M-M-R* D
(Measles. Mumps, ehd Rubella Virus Vsccino liv e , MSO) 

HYPERSENSITIVI7Y TO EGGS
l i v e  m e a s le s  vaccme and  live m u m p s  vacc ine are p r o d u c e d  in ch-c> 

e m b r y o  ce l l  cu l tu re .  P e r s o n s  w ith e h is to ry  o l  anaphy lac t ic  o r  o m e r  im m ed i ­
a te re ac t ion s  (e .g .. h ives ,  swe l l ing  o l  the m ou th  and  th roat ,  di lhcuiiy 
b re a th in g ,  hyp o te n s i o n ,  o r  sh ock )  su b sequ en t  to  egg  inges t ion  s h ou ld  not 
be  vacc ina ted .  Ev idence Indicates that  p e r s o n s  e re n o t  at In c re ased  risk if 
th ey  hav e  egg  a l le rg ie s  that a re n o t  anaphy lac t ic  in natu re .  S u c h  pe rsons  
m a y  be  vacc ina ted  m  m e  u sua l  manner .  The re  is no  ev rdence to  indicate tn .i t  
p e r s o n s  with  a i te rgms to  ch ickens o r  le a the r s  a re at in c reased  risk o l  roac 
b o n  to  m e  vacc ine .1*

PRECAUTIONS
'ienera l

Adequa te  t re a tm en t  p ro v i s i o n s  m c l u d n g  ep ineph r ine ,  s h o u ld  be avuu 
ab le  l o r  im m ed ia t e  use  sh ou ld  an anaphy le c t o id  re ac t ion  occu r 

D u e  cau t ion  s h o u ld  oe  em p lo y e d  in adm in is t ra t ion  o l  M M R D to  per sons 
w i th  a h i s to ry  o l  l e b m e  con vu l s io n s ,  c e reb ra l  in ju ry  o r  any o the r  cond -uon  m 
wh ich  s t re ss  d u o  l o  l e v e r  sh ou ld  be avo id ed .  The phys ic ian  sh ou ld  b e  alert to 
the l em p o ra tu r e  e le v a t io n  wh ich  m a y  occu r  f o l l ow in g  vacc ina t ion  ISee 
ADVERSE  RE AC HONS . I  

Vacc ina tum sh ou ld  be d e te r red  l o r  at least 3 m on th s  l o l l o w m g  b 'oud o> 
p la sm a  t ra n s fu s io ns ,  o r  adm in is t ra t ion  o l h um an  im m u n e  s e r u m  g ioou tm  

Exc re t ion  o l  sm a l l  am o u n t s  o l  m e  live a t tenuated  rube l la  v i ru s  b o m  me 
n o s e  o r  th ro a t  h as  oc cu r re d  in the m a jo r i t y  o l  suscep t ib le  ind iv idua ls  7-78 
d a y s  a l te r  v o c c i r a '  o n  The re  is n o  c o n f i rm e d  ev idence  to  indicate mat su--ti 
v i ru s  is t r a n sm u te d  to  su tcep t ib lo  p e r s o n s  w h o  a re  in con tac t with  the 
vacc ina ted  ind iv idua ls .  C onsequen t ly ,  t r a n sm is s ion  th rough  c lo s e  p e r s on a l  
con tac t ,  wn i le  accep ted  as a theo re t ica l  possib il i ty , is not r e g a rd e d  as a 
sign if icant r isk .19 Howeve r ,  t r a n sm is s i on  o l  m e  rube l la  vacc ine  v iru s to 
m i a m s  via b reas t  m i lk  has  been  d o c um en ted  (see Nursing M others l 

T h e re  a re n o  r e po r t s  o l  t r a n sm is s ion  o l  l ive a t tenuated  m e a s le s  o r  m um ps  
v i r u s e s  i r om  vacc -nee s  l o  suscep t ib le  con tac ts  

It n as  b eon  re po r t e d  lh a l  hve a t tenuated  m ea s le s ,  m u m p s  and  rube-ia 
v i ru s  v a ccm os  g iven  ind iv idua l ly  m ay  resu l t  in a tem p o ra r y  D ep re s s ion  ot 
tube rcu l in  sk in sens itiv ity The re fo re ,  d a tubercu lin  test is to  be d on e  it 
s h o u ld  o e  a dm in is te re d  e i the r b e f o r e  o r  s im u l ta n e ou s ly  with M  M R D 

As l o r  any  vacc ine ,  vacc ina t ion  wi th  M -M -R  D m ay  not re su l t  in s e rocon  
v e r s i o n  in tOOto o l  su scep t ib le  p e r s o n s  g iven  the vaccme 
Pregnancy
Pregnancy Category C 

A n im a l  r e p r odu c t i o n  s tud ies  have not b een  condu c te d  with M -M -R  D It is 
■Uso no t kn ow n  whe th e r  M -M -R 0 can cau se  (eta l h a rm  when  adm in is te red  
tn a p regn an t  w o m a n  or r a n  a l i e n  re p r odu c t io n  capac i ty  T n e re lo r e .  me 
v a c cm e  sh ou ld  no t be adm in is te red  to  p regnan i  lem a ie s .  f u r t h e rm o re  
p r o g n j n c y  s h o u ld  be av o id ed  l o r  th ree m on th s  fo l l ow in g  vacc ina t ion  (see 
C ONTRA IND ICAT IONS )

In c o u n se l in g  w o m e n  w h o  are in adve r ten t ly  vacc ina ted  w hen  p regnan t  or 
w h o  b e c om e  p rc qn a n t  w ith in  3 m on th s  o l  vacc inat ion , the phys-c -an shou ld  
be aw a re  o l  the l o n ow m g :  111 I n e  10 yea r  su rv e y  in vo lv ing  ove r  7 00  p regnan t 
w o m e n  w h o  re ce iv ed  rubeba vacc ina with in  3 m on th s  o e lo r e  o r  a l te r  con 
c a p t i o n  ( o f  w h o m  189 rece ived  the W is ta r  RA 27 3 stra in), n o n e  o l  me 
n ew b o rn s  had  a b n o rm a l ih e s  c om pa t ib le  with  congen i ta l  ru b eb a  s y n ­
d r o m e ; 77 j 2 | A l th ough  m u m p s  v iru s is cap ab le  o l  in fect ing the p la cen ta  ana 
l e tu s .  the re  is n o  g o o d  ev idence  that it c au ses  congen i ta l  m a l f o rm a t i o n s  m 
h u m an s .  M u m p s  va ccm e  v iru s a l s o  has been  s h ow n  to infect the p lacenta 
but m e  v irus has  not b een  iso la ted  I r om  the tetai t i s sues  f r om  suscep t ib le  
w o m e n  w h o  w e re  vaccm ated  and und e rw en t  e lective abortions 74 Jn0 ,31 
R e p o r t s  hav o  ind icated that con trac t ing  o l  na tu ra l  m e a s le s  du r ing  p/eg 
n an c v  enh a n c e s  to ta l risk.  In c re ased  ra tes  o l  s p o n ta n e o u s  a b o r t i o n  sni. 
b i r th ,  co ng en i ta l  d e lec t s  and  p rem a tu r i t y  have been  ob s e r v e d  subsequen t  
to  na tu r a l  m e a s le s  d u r in g  pregnancy . The re  a re  n o  adequa te  s tud ies  o'  the 
e t tenua t od  (vacc ine )  stra in o l  m e a s le s  v i rus  in p regnancy. However ,  it w ou ld  
be p ru d en t  to a s s u m e  that the v a ccm e stra in o l  v i ru s  is a l s o  copaD ie o l  
i nduc ing  ad v e r se  feta l ef fects .
Nursing Mothers

It is not  kn ow n  w h em n r  m e a s le s  o r  m u m p s  vaccme v iru s is sec re ted  m 
h u m a n  mi lk .  Recen t  stud ies  h ave s h ow n  m a t  lactat ing p o s tp a r tum  w o m en  
im m u n iz e d  w ith  live a t tenuated  rubeba vacc ine m a y  sec re te the v i ru s  in 
b re a s t  m i lk  and  t ran sm i t  it to  b rea s t - led  in tents .7s in the in fan ts  w-tn 
s e r o l o g i c a l  e v id ence  o l  rubeba  in fect ion ,  n o n e  exh ib ited  seve re  d -sease 
h ow ev e r ,  o n e  exh ib it ed  m i ld  c l in ica l i l l ness  tyo'Cal o f  acqu i red  r u b eb a  24 2’ 
C au t io n  s h o u ld  be e xe rc i s ed  w hen  M -M -R D is s dm m is te re d  to  a nu rsmg 
w o m a n .

ADVERSE REACTIONS
Becau se  o t  the s l igh t ly  acidic pH 16 2-6 61 o l  the vaccme.  p au e n is  mav  

cu m p 'n m  n l  l l u rm n j j  ,tnd or Stinging o l  Short  du ra t ion  a l  the m iect -on  sue 
T h e  m lv i"x r -  r l i i i ic.it rouc l'Omt a isoc -d tpd  with  th* m e  or M M R It . ve  

itiiiM1 exni-i-i i-d in  fpbnw  a ib ' im i s i ' a h on  o l  m e  n i o n o i  j ' r - ' l  v . icc-nes g-vi"> 
jc n .n i i t c i y  These m a y  in c lude  maM 'se  s e e  lhro . i t .  h eadache  t r v e ’ ana 
r u sh ,  tm ld  loca l  re ac t io n s  suet- JS e r y th em a .  indura i 'On te nde rne s s  j n j  
reg -ona t l ym p h a d e n o p a m y  p . i ro t - ’ -s. o r C n l i s :  ne rv e  d ea fn es s ,  m r n m o p o  
t o p o n .a  and  pu rp u ra :  a l le rg ic  re ac t ion s  sucn as wheat  and b a re  ai tne 
in je c t ion  site o r  u r t ica r ia ;  end  an h rm s .  a r th ra lg ia  and  po lyneu r i t i s .
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(M easles, Mumps, and Rubella Virus Vaccin liv e , MSD)
syringe to be used I o r reconstitution. Injoct ell the ...iuent in the syrir 
into the vial o l lyophilized vaccine, and agitate to mix thoroughly. YVi' 
draw the entire contents into a syringe and inject Ihe total volume o l 
restored vaccine subcutaneously.
It is imponant to use a separate sterile syringe and needle (o r each 
individual patient to prevent transm ission o l hepatitis 8 and o .her Infec­
tious agents Irom  one person to another.
10 Oose Viel levelled.e only to government egencies'inslitutionsl 
Withdraw the entire contents (7 m l ;  o l the diluent vial into the sterile 
syringe to be used fo r reconstitution, end introduce into the 10 dose vial o l 
lyophilized vaccine. Agitate to ensure thorough mixing. The outer labeling 
suggests "For Jet Injector o r Syringe U se ’ . Use with separate sterile 
syringes is perm itled I or con ta in jrs  o l 10 doses or less. The vaccine and 
diluent do not contain preservatives; (here lo 'e , the user must recognize 
the potential conn mination hazards and exercise special precautions to 
protect the storilii-.t end potency o l the p-oduct. The use o l aseptic tech­
niques and proper storage prior to andaftar restoration o l the vaccine and 
subsequent withdrawal o l the individual doses is essential. Use 0 .5m L o f 
the reconstituted vaccine lo r subcutaneous injection.
It is im ponant to use a separate sterile syringe and needle (or each 
individual patient to prevent transm ission o l hepatitis B and other infec­
tious agenis Irom  one person to another.
Each dose contains not less than the equivalent o l 1,000 TODm o f Ihe U.S. 

Reference Measles Virus. 5 ,000 TCID50 ol the U.S. Refererce Mumps Virus 
and 1.000 TCIDM o f the U .S . Reference Rubella Virus.

Parenteral drug products shou ld be inspected visually fo r paniculate mat­
ter end discoloration prior to administration. M-M-R 0. when reconstituted.
Is clear yellow . ,

HOW SUPPLIED
No. 4749 — M-M-R Q is supplied as a single-dose vial o l lyophilized 

vaccine, NDC 0006-4749-00. and a vial o l dilueni.
No. 4681-4309 — M-M-R D is supplied as fo llow s: (1) a box o f 10 single-dose 

vials o l lyophilized vaccine (package A), NDC 0006-4681-00; and (2) a box o l 
10 vials o l diluent (package B). To conserve refrigerator space, the diluent 
may be stored separately at room  temperature.
Ava-table only to government 
agencies/institutions:

No. 4682X —  M-M-R □ is supplied as one 10 dose vial o f lyophilized 
vaccine.

NDC 0006-4682-00, and one 7 m l vial o l diluent.
Storage

It is recommended that tha vaccine be used as soon as possible after - 
reconstitution. Protect vaccine (rom  light at all times, since such exposure 
may inactivate the virus. Store reconstituted vaccine in the vaccine vial in a 
dark place at 2 • 8*C 135.6 • 46 .4 ’ F) and discard il not used within 8 hours.
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IMMUNIZATIONS
/ ] Dissenting View
Richard Moskowitz , M .D .

Lori A n d re w s :  T h an k  you. Next, w e’ll be hearing from Dr. Richard 
Moskowitz, who will talk to us about immunizations. Dr. Moskowitz 
graduated Phi Beta K appa from Harvard University and received his 
medical degree at New York University, hut he has not taken a narrow ­
minded approach to his professional interest. F rom  1963 to 1965 he was 
a graduate follow in the d ep a r tm en t  of philosophy at the University of  
Coiorado graduate school. H e studied hom eopathy in Athens, Greece, as 
well as at the National C en ter  for H om eopathy in Washington, D .C .,  
vhcrc he currently serves as the director of publications and is a m em ber 
of the permanent teaching faculty. He has also practiced in a variety of 
settings. He was the founder and medical director of the Boulder Free 
Clinic and a volunteer physician on the Medical Com m ittee for H um an  
Rights in New York. H e’s now in the private practice of classical 
homcopathv and has published extensively in journals such as Homeo­
pathy Today, Hnmeothrrapy, and The Journal of the American Institute of 
Homeopathy. T h an k  you, Dr. Moskowitz

j



134 D IS S E N T  IN  M E D IC IN E

LECTURE
D r .  M o s k o w i tz :  For the past 10 years or so, I have felt a deep and 

growing com punction  against giving routine im munizations to children. 
It began with the fundam ental belief that people have the right to make 
that choice* for themselves. Soon I discovered that I could no longer 
bring m yself to give the injections even when the parents wished me to.

At bo ttom , I have always felt that the a ttem pt to eradicate entire 
microbial species from the biosphere m ust inevitably upset the balance 
of na tu re  in fundam ental  ways that we can as yet scarcely imagine. Such 
concerns loom ever larger as new vaccines continue to be developed, 
seemingly for no be tte r  reason than that we have the technical capacity 
ro make them  and thereby to dem onstrate  our power, as a civilization, to 
m anipulate  the evolutionary process itself.

Purely from  the viewpoint o f  our own species, even if we could be sure 
tha t  the vaccines were harmless, the fact remains that they are com pul­
sory, that all children  are required to undergo them  without any sensitive 
regard for basic differences in individual susceptibility, to say nothing of 
the wishes of the parents or the children themselves.

M ost people can readily accept the fact that, from  time to time, certain 
laws that  some of us strongly disagree with may be necessary for the 
public  good. B ut the issue in this case involves nothing less than the 
in troduction  of foreign proteins or even live viruses into the bloodstream 
of entire populations. For that reason alone, the public is surely entitled 
to convincing proof, beyond any reasonable d oub t ,  that artificial im m uni­
zation is in fact a sale and effective procedure , in no way injurious to 
health , and  that the threat of the corresponding natural diseases remains 
sufficiently clear and urgent to w arrant mass inoculation o f  everyone, 
even against their will if necessary.

U nfortunate ly , such proof has never been given; and, even it' it could 
be, continu ing  to employ vaccines against diseases that are no longer 
prevalent or no longer dangerous hardly qualifies as an emergency.

Finally, even if such an emergency did exist, and artificial im muniza­
tion could be shown to be an appropriate  response to it, the decision 
would rem ain  essentially a political one, involving issues o f  public health 
and  safety that arc far too im portan t to be settled by any purely scientific 
or technical criteria, or indeed by ,ni\ criteria less authoritative than the 
clearly articulated sense ol the com m unity  about to be subjected to it.

For all o f  thcac reasons, I want to present the case against routine
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immunization as clearly and forcefully as I can. W hat I have to say is not 
quite a formal theory capable of rigorous proof or disproof. I t  is simply 
an attempt to explain my own experience, a r.exus of interrelated facts, 
observations, reflections and hypotheses which, taken together, are more 
or less coherent and plausible and make intuitive se.ise to me.

I offer them  to the public in part because the growing refusal of 
parents to vaccinate their children is so seldom articulated or taken 
seriously. T h e  fact is that we have been taught to accept vaccination as 
a sort of involuntary com m union , a sacrament of our own participation 
in the unrestricted growth of scientific and industrial technology, utterly 
heedless ol the long-term  consequences to the health of our own species, 
let alone to the balance of nature  as a whole. For that reason alone, the 
other side of the case urgently  needs to be heard.

1. A re  the Vaccines Effective?

There is widespread agreem ent that the time period since the common 
vaccines were in troduced has seen a remarkable decline in the incidence 
and severity of the corresponding natural infections. But the customary 
assumption that the decline is attributable to the vaccines remains 
unp-ovcn, and continues to be seriously questioned by em inent au tho r­
ities in the field. T h e  incidence and severity of whooping cough, for 
example, had already begun to decline precipitously long before the 
pertussis vaccine was in troduced , ' a fact which led the epidemiologist
C. C. Dauer to remark, as far back as 1943:

If mortality (from pertussis) continues to decline at the same rate during 
the next 15 years, it will be extremely difficult to show statistically that 
tpertussis immunization) had any effect in reducing mortality from 
whooping cough .2

Much the same is true not only of d iphtheria  and tetanus, bu t  also of 
TB, cholera, typhoid, and o ther com m on scourges of a bygone era, 
which began to disappear toward the end of the nineteenth  century, 
perhaps partly in response to im provem ents in public health and 
sanitation, bu t in any case long before antibiotics, vaccines, or any 
specific medical measures designed to eradicate th e m . 3

Reflections such as these led the great microbiologist R ene D ubos to 
observe that microbial diseases have their own natural history, indepen-


