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Rubella Vaccination During Pregnancy 

- United States, 1971-1986 

Rubella Vaccination During Pregnancy - United Stat�19:?�'t., 

From January 1971 through D ecember 1986 , CDC received reports of 1,176 
pregnant women who were given live attenuated rubella vaccine either within 3 
months before or 3 months after their presumed dates of conception. These women 
were followed prospectively to determine the risk of fetal abnormalities following 
exposure to three types of licensed vaccine. 

Cendehill and HPV-77 Vaccines. Before April 1979, data were collected on 538 
women vaccinated during pregnancy with either Cendehill or HPV-77 rubella vac­
cines, as reviewed previously in the MMWR ( 1 ). None of the 290 infants born to these 
women had defects indicative of congenital rubella syndrome (CRS) (2 ) ; however, 
eight infants had serologic evidence of intrauterine infection ( 1,3 ). Three other 
women who received unknown strains of rubella vaccine delivered healthy infants 
who appeared normal. 

RA 27/3 Vaccine. Since licensure of the RA 27/3 rubella vaccine in January 1979, 
CDC has received reports of 635 women who were given this vaccine during 
pregnancy (Table 1 ). Two hundred and twenty-four of these women had negative 
serologic testing for rubella within 12 months of vaccination and were, therefore, 
susceptible at the time of vaccination. Outcomes of pregnancy are known for 211 
(94%) of these susceptible women. Of the 211 women, 170 (81%) delivered 172 living 
infants. An additional30 immune women and 319 women of unknown immune status 
delivered 350 living infants. All of these 522 infants were free of defects indicative of 

TABLE 1. Pregnancy outcomes for 635 recipients of RA 27/3 vaccine - United States, 
January 1979-December 1986 

Prevaccination Total Live Spontaneous Abortions Induced Outcome 
Immunity Status Women Births and Stillbirths Abortions Unknown 

Susceptible 224 172 * 11 30 13 

Immune 32 30 1 0 1 

Unknown 379 320 t 8 24 28 

Total 635 522 20 54 42 

*Includes two twin births. 
tlncludes one twin birth. 
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CRS. Outcomes of the 1 1 6 pregnancies that d id  not resu lt in known l ive births a re 
presented i n  Table 1 .  

The dates of vaccination and esti mated dates of confinement were known for a l l  of 
the 170 suscepti b le women who had fu l l -term pregnancies ( Figure 1 ) .  Fifty-five 
women (32%) were vaccinated with i n  1 week before to 4 weeks after conception, the 
period of presu med h ighest risk for v iremia and feta l ma lformations. 

Serolog ic eva luations were performed on 136 (79% ) of the 1 72 infa nts whose 
mothers were suscept ib le. Three (2%) of the 1 36 infa nts had normal  exam i nations but 
measura ble titers to rubel la-specific lgM in cord blood, i n it ia l ly suggesti ng a sub­
cl i n ica l  i nfection. Prior to July 1 985, the CDC la boratory performed hemagglut ination 
inh i b ition ( HI) tests for both ru bel la-specific lgM a ntibody and tota l ru bel la  a ntibody 
titers. Such test ing revealed that one infant who a ppeared norma l  had  a rubel la­
specific lgM a nti body titer of 8 i n  cord blood and a corresponding total ru bel l a  
anti body titer of 1 28.  T h e  mother's tota l ru bel la  anti body titer was a lso 128 .  
S imu ltaneous retesting of  cord blood and test ing of a fol low-up speci men taken when 
the infa nt was 2 months old showed a decrease in  the titer of materna l ly derived 
antibody from 64 to 1 6  over the 2-month period, suggesti ng that subcl i n ica l i nfection 
may not have occu rred. The infa nt had no evidence of defects ind icative of CRS either 
at b i rth or at the 18-month and 29-month fol low-u p  exam i nations. Sera cou ld  not be 
obtained for further fol low-up test ing to measure HI a nti bodies. 

S i nce Ju ly 1 985, the CDC la boratory has tested for ru bel la-specific lgG a nti body 
using the RUBESTAT®* procedure (Whittaker Corporation, M.A. B ioproducts, 
Walkersvi l le, M D), an ind i rect enzyme-l i n ked i m m u nosorbent assay (ELISA) .  Ru be l la­
specific lgM antibodi es were detected by E LI SA usi ng  the same a ntigen-

*Use of trade n ames is for identification only a n d  does not constitute endorsement by the Pu bl ic  
Health Service, U .S .  Department of  Health a n d  H uman Serv ices. 

FIGURE 1. Interval, in weeks, between receipt of rubella RA 27/3 vaccine and 
estimated date of conception among 170 susceptible women with live births 
United States, January 1979-December 1986 
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coated p l ates, but with an enzyme-conjugated a nti-hu ma[l lgM seru m .  For lgM 
test ing,  sera were adsorbed with staphylococcal  p rotein  A to  remove lgG and  to 
e l im inate i nte rference by rheumatoid factor. An lgM i ndex was ca lcu lated for each 
seru m using a known low-positive lgM serum as a reference standard .  An lgM i ndex 
31 .0 was considered positive, with i ncreasi ng va lues ind icat ing h ig her anti body 
levels .  Using these tests, two additional infa nts who a ppea red norma l  had  cord sera 
that were positive for rube l la l g M .  

Serolog ic stud ies were a l so obta i n ed o n  156 o f  t h e  320 infa nts (Tab le  1) born to 
mothers whose i m mune status was unknown at the t ime of vaccination (4 ) . 
Su bcl i n i ca l  i nfection was docu mented in two infants. One i nfa nt had a ru bel l a-specific 
HI lgM anti body titer of 16 in cord blood . Both mother and infa nt had titers of 32 by 
HI at the t ime of b i rth; the infa nt sti l l  had a titer of 32 at 4 months of age.  This i nfa nt 
had no evi dence of defects i nd icative of CRS at b i rth or at the 1 0-month and  1 7-month 
exa m i nations. A seru m specimen was not obta i ned at su bsequent fol low-up visits. 
The second infa nt had a pers istent HI titer of 8 at 3 months of age, suggest ing that 
there had been su bcl i n ica l  i nfection. This i nfant was d iagnosed as normal  at the 
3-month fol low-u p examination . 

Whi l e  none of the 1 72 infa nts born to suscept ib le  women had defects i nd icative of 
CRS, two i nfants d id  h ave asym ptomatic g landu lar  hypospadias. However, both had 
negative rubel l a-specific lgM titers (<4) i n  cord b lood at  birth . Seru m taken at  the  
6-month fol low-up exa mination was ava i lab le  for one of  the  infa nts; he had a 
ru bel la-specific HI a nti body titer of <8 ( i .e . ,  a negative titer) .  

Th i rty suscept ib le  women e lected to h ave induced a bortions (Tab le  1 ) .  Products of 
conception were ava i la ble for vi ra l  isolation studies from 1 9  of these women, from 
two women who spontaneously a borted,  and  from 1 3  women whose case h istories 
have been reported in the l iteratu re (5- 7 ) .  Ru bel la  vi rus has been i solated from the 
products of conception of one (3%) of these 34 suscept ib le  women. 

Reported by: Viral Exanthems and Herpesvirus Br, Div of Viral Diseases, Center for Infectious 
Diseases; Surveillance, Investigations, and Research Br, Div of Immunization, Center for 
Prevention Svcs, CDC. 

Editorial Note : Si nce 1 971, C DC has ma inta i ned a register to monitor and  quantitate 
the r isks to the fetus of exposu re to l ive attenu ated ru bel la  vacci ne vi rus. Data a re 
obta i ned th roug h  reports from physic ians and  state and local h ea lth departments as  
wel l  as d i rectly from women vacci nated either with in 3 months before or  3 months 
after conception. Fol low-up study i s  conducted to determine the outcome of each 
preg nancy. In 1 979, when RA 27/3 rubella vaccine replaced the other ru bel la  vacci nes, 
there was concern that it m ig ht have g reater fetotropic and teratogenic potentia l  than 
ear l ier  vacci nes. Data col lected so fa r show that the RA 27/3 ru bel la  vacci ne, l i ke the 
other vacci nes, has not caused defects com pati b le  with CRS. 

Fifty-five (32% ) of the 1 70 suscepti b le mothers were vaccinated with RA 27/3 
vacci ne d u ring the h ighest ri sk period for vi remia and feta l defects (1 week before to 
4 weeks after conception ) (8,9 ). Neither the infa nts born to these h ig h-r isk women nor 
those born to a ny of the other women had CRS. Therefore, the observed risk of CRS 
fol lowi ng rube l la  vacci nation conti nues to be zero (Table 2). However, based on the 
95% confidence l i mits of the b inomia l  d istr i bution, the theoretica l  maxi m u m  risk for 
the occu rrence of CRS in this g rou p of 1 72 ch i ld ren cou ld be as h i g h  as 2. 1 %. If the 95 
infa nts exposed to other ru bel la  vacci nes a re inc luded, the maxi mum theoretical r isk 
is  1 .4% (Ta ble 2 ) .  Th is  overa l l  maxi mum risk remains fa r less than the 20% or g reater 

3 0001 00044 2451 
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r isk of CRS associated with maternal  infection with wi l d  rubel la  vi rus dur ing the fi rst 
tri mester of p regna ncy (3) and is no g reater than the 2%-3% rate of major b i rth 
defects i n  the absence of exposure to ru bel la  vaccine ( 10 ). 

These favorable data a re consistent with the experiences in  the Federa l Repub l ic  of 
Germany and the U n ited Kingdom ( 77,12 ) . The vacci ne has not been associated with 
the occu rrence of CRS among i nfa nts born to suscept ib le mothers who had been 
vaccinated in either  cou ntry. In Germany, 98 suscept ib le women vacci nated with 
either the Cendeh i l l  or RA 27/3 stra i n  of vaccine gave b i rth to i nfa nts without CRS. I n  
t h e  U n ited Kingdom, none of 2 1  i nfants born t o  suscept ib le  mothers (not a l l  of whom 
were prospectively fol lowed) had defects com pati b le with CRS. 

The occurrence of a ny congenita l defect fol lowing maternal  vacci nation deserves 
ca refu l ana lysis and fol low-up.  In the U.S. series, two infa nts born to suscept ib le 
mothers had asymptomatic g landu lar  hypospadi as. Whi l e  hypospadias has been 
noted in CRS cases ( 13,14 ) , there a re no data to suggest that g landu la r  hypospadias 
shou ld be considered a CAS-associated defect. In a ny case, neither  of the two infants 
in question had serolog ic evidence of ru bel la  v irus infection. E ight other i nfa nts born 
to mothers of u nknown i mm u ne status and  two born to mothers known to be i m mune 
at  the t ime of vacci nation had some type of defect ( 75 ). However, none of the defects 
were com patible with CRS, and serolog ic testi ng,  when done, d id  not confi rm rube l la  
v i rus i nfection . 

Whi le  no CRS-I i ke defects have been noted,  it i s  c lear  that rube l l a  vacci ne vi ruses, 
i nc lud ing the RA 27/3 stra in ,  ca n cross the placenta and infect the fetus. Approxi­
mate ly 1 %-2% of infants born to suscept ib le vaccinees had se rolog ic evidence of 
subcl i n ical  i nfection, reg a rd less of vacci ne stra i n  (3 ) .  On the other hand,  wh i l e  the 
ru bel la  v irus isolation rate from the products of conception of women who have 
received the RA 27/3 vaccine is on ly 3% ( 1 /35), the rate of v irus isolation from the 
products of conception of those rece ivi ng Cendeh i l l  and HPV-77 vaccines is  20% 
( 1 7/85) (3 ). These data ind icate that the risk of placental or feta l i nfection from RA 27/3 
vaccine is low. 

Recog nizi ng that no amount of data col lection ca n absol utely ru le out a theoretica l 
r isk to the fetus, however smal l ,  the I m m u n ization Practices Advisory Com m ittee 
(ACIP) cont inues to state th at: 1 )  pregna ncy remains a contra ind ication to ru bel la  
vaccination because of the theoretica l ,  a l beit sma l l , r i sk  of CRS; 2)  reasonable 
precautions should be taken to preclude vacci nation of p reg nant women, i nc lud ing 

TABLE 2. Maximum theoretical risks of congenital rubella syndrome (CRS) following 
rubella vaccination, by vaccine strain - United States, 1971-1986* 

Vaccine Susceptible Normal Live Risk of CRS 

Strain Vaccinees Births Observed Theoretical 

RA 27/3 1 70 1 72 t 0 0%-2. 1 %  

Cendeh i l l  o r  H PV-77 94 94 0 0%-3.8% 

U nknown 0 

Total 265 267 0 0%-1.4% 

*Through December 3 1 , 1 986. No women entered after 1 980 in CDC's reg ister of those receiving 
rube l l a  vacc ine with i n  3 months before or after conception were vacci nated with Cendeh i l l  o r  
H PV-77 vacci ne. 
t l ncludes two twi n b i rths. 
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aski ng  women if they are pregnant, excl ud ing those who say they are, and expl a in ing 
the theoretical r isks to the others; and  3) because the risk of CRS is so sma l l  as to be 
neg l ig i ble,  ru bel la  vaccination of a preg nant woman shou ld not ord inari ly be a reason 
to consider i nterru ption of preg nancy, even if vacci nation does occur with in  3 months 
of conception ( 16 ) . 

CDC encourages reporti ng of cases to its reg ister of women receivi ng ru bel la 
vaccine with in  3 months before or after conception . On ly cases i nvolving women 
known to have been suscepti b le at  the t ime of vaccination, by virtue of negative 
serolog ic testing with i n  the preceding year, shou l d  be reported to the Division of 
Im m u n ization, Center for Prevention Services, (te lephone:[404]329-1 870) .  Althoug h  
la boratory services for cu lture of placenta l and fetal t issue are n o  longer routi nely 
ava i lable,  serolog ic test ing of women who have been enrol led in  the reg ist ry and of 
their infa nts conti nues to be ava i la ble at CDC. 
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Current Trends 

Traumatic Occupational Fatalities - United States, 1980-1984 

To he lp  fi l l  a crit ical gap i n  information on fatal occu pationa l  i njuries, CDC's 
Nationa l  Institute for Occu pational  Safety and Health ( NIOSH)  began gatheri ng data i n  
1 985 t o  establ ish t h e  Nationa l  Trau matic Occup"tiona l  Fata l ity ( NTOF) data base. The 
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50 states and  the District of Colu mbia  provided death certificates i n d icati ng deaths 
from trau matic occu pationa l  fata l ities for 1 980-1 984*. Pre l im inary ana lyses of these 
data revealed a total of 32,342 tra umatic occu pationa l  fata l it ies occu rri ng at an 
average a n nua l  crude rate of 8.8/1 00,000 workers and resu lti ng  in an  annua l  average 
of 1 65, 1 72 years of potentia l  l i fe lost (YPLL) before age 65. 

The NTOF data base inc ludes only data from death certificates ind icati ng that: 
1 )  death was related to external causes t, 2) the deceased was � 1 6  yea rs of age at the 
t ime of death, and 3)  the injury occu rred at work. Data from 16 of the report ing 
jurisdictions were incom plete because they d id  not i ncl ude a ny certificates report ing 
homicides or suici des or stat ing the cause of death as  "pend ing". NIOSH is  cu rrently 
acqu i ring  th is  m issi n g  information . For the in it ia l  a nalysis  of NTOF data, occupationa l  
homicides and suicides were est imated for those states that  d id  not p rovide them. 
These esti mates we re made using a reg ression equation based on data from states 
that d id  provide th is  i nformation. Age-specific fata l ity rates were ca lcu lated us ing 
1980 Bureau of the Census data ( 1 ) . Denom inator data for state- and  industry-specific 
rates were derived from Burea u of the Census annua l  Cou nty Business Patterns 
bu l let ins for 1 980-1984 and the 1 982 Census of Agricu ltu re (2,3 ). Denominator data 
d id  not i nc lude persons employed i n  pub l ic  admin istrat ion . 

Ana lysis of the NTOF data ind icates that approximately 7,000 traumatic occu pa­
tiona l  fata l it ies occurred per year in all 50 states and the District of Columbia dur ing 
the period stud ied. Ma le  workers were involved in 94.6% of the deaths, and  females, 
i n  5.4%. For the 35 ju risdictions incl ud ing hom icides and  su icides i n  their  reports, 
84.2% of fata l it ies resu lted from u n intentional inju ries, 13.0% represented occu pa­
tiona l  homicides, and 2.8% represented occu pationa l  su icides§ (Ta ble 1 ) .  Although 
the d istri bution for males was s imi lar to  the overa l l  d istri bution, i t  was qu ite d ifferent 
for fema les .  Forty-two percent of fata l it ies among fema les were homicides, and  4.6% 
were su ici des. The n u m ber of reported fata l it ies for most age grou ps va ried in d irect 
proportion to the popu lation of the work force in the age grou p .  Fata l ity rates among 
the age g roups genera l ly ra nged from 6.3 to 7.5/1 00,000 workers (F igure 1 ) .  Excep­
tions were the you ngest age grou p (ages 16-19), which had a lower fatal ity rate (4.0) ,  
and the older age g roups (55-59, 60-64, and >64), which had prog ressively h igher 
rates (8.5, 9.7, and 1 7.7, respectively) .  

*Death certificates wi l l  be col lected throug h  1 990. 
tclassified with i n  the ra nge of categories E800-E999 accord ing to the International C lassification 
of Diseases, 9th Edit ion. 
§Suic ides occu rri ng i n  the workplace. 

TABLE 1. Traumatic occupational fatalities, by sex and classification of fatality 
United States, 1980-1984 

All Fatalities* Classification t (%) 

No. (%) Unintentional Homicide Suicide 

Male  30,692 (94.6) (86. 1 )  ( 1 1 .2)  (2 .7 )  

Female 1 ,740 (5.4) (53.4) (42.0) (4.6) 

Total 32,432 (100.0) (84.2) (13.0) (2.8) 

*Based on tota ls p rovided by the 51 reporti ng u n its ; does not i nclude the 2,070 addit ional  
fata l ities est imated for ju risdictions that d i d  not i nclude certificates reporting deaths att ributab le 
to hom icide or suic ide or  stating the cause of death as "pendi ng". 
teased on tota ls p rovided only by the 35 u n its that reported homicides and su icides. 
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The states with the highest average rates of occupationa l  fata lities per 100,000 
workers over  the 5-yea r period were Wyom ing (34.6), Alaska (33.5), and  Montana 
(24.8). The lowest rates were i n  Massachusetts (2.1) and  Rhode Is land (2.4) ( Figu re 2).  
States with si m i la r  rates tended to c luster i nto regional groups. State-specific values 
for YPLL ranged from 174 years (Rhode Is land) to 21,990 yea rs (Texas) and generally 

FIGURE 1. Traumatic occupational fatalities, by age group - United States, 1980 
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FIGURE 2. State-specific traumatic occupational fatality rates, 1980-1984* 
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reflected state-specific n u m be rs of fata l ities, which,  in tu rn, depended largely on the 
size of each state's working popu lation . Industry-specific rates of fata l it ies from al l  
ca uses showed the h ighest a n n ua l  average in  m i n i ng (30. 1 /1 00,000 workers) ,  con­
struction (23.1 ) ,  and ag ricu ltu re (20.3); the lowest rate was in wholesa le trade (1.1 ) 
(Ta ble 2, see page 469). However, a s ign ifica nt p roportion (20%) of the tota l reported 
fata l it ies cou ld  not be i nc luded in the industry-specific ana lysis because data were not 
adequate to determine the industry i nvolved. 

Reported by: Div of Safety Research, National Institute for Occupational Safety and Health, CDC. 

Editorial Note: Althoug h  no com plete and re l iab le  n ationwide census of trau mat ic  
occu pationa l  fata l it ies has been ava i lab le  previously, fatal occu pational  i nju ries­
whether measured by n u m bers of fata l it ies, rates, or YPLL-a re recog nized as  a n  
i mporta nt sou rce of p reventable morta l ity i n  t h e  U n ited States (4 )�Esti mates of the 
magn itude of the p roblem have varied considerably,  as i l l ustrated by the fol lowing  

(Continued o n  page 469) 

TABLE I. Summary - cases specified notifiable diseases, United States 

28th Week Ending T 
Disease July 18, I July 12, I Median 1 

1987 1986 1982-1986 

Acquired Immunodeficiency Syndrome (AIDS) 496 274 N 
Aseptic meningitis 
Encephalitis: Primary (arthropod-borne 

282 240 235 

& unspec) 24 23 33 
Post-infectious 3 1 

Gonorrhea: Civilian 11,154 18,988 17,832 
Military 238 346 362 

Hepatitis: Type A 449 363 361 
Type B 515 505 430 
Non A, Non B 53 64 N 
Unspecified 52 70 99 

Legionellosis 15 16 N 
Leprosy 1 10 8 
Malaria 25 18 33 
Measles: Total* 82 148 86 

Indigenous 80 138 N 
Imported 2 10 N 

Meningococcal infections: Total 48 36 39 
Civilian 48 36 39 
Military 

Mumps 130 144 25 
Pertussis 36 46 46 
Rubella (German measles) 12 8 12 
Syphilis (Primary & Secondary): Civilian 590 412 495 

Military 1 1 4 
Toxic Shock syndrome 6 8 N 
Tuberculosis 424 412 412 
Tularemia 10 4 9 
Typhoid Fever 4 12 5 
Typhus fever, tick-borne (RMSF) 33 27 30 
Rabies, animal 53 78 82 

Cumulative, 28th Week Ending 

July 18. J 1987 

9,714 
3,328 

475 
64 

417,472 
8,604 

13,203 
13,685 

1,660 
1,688 

432 
100 
391 

2,846 
2,537 

309 
1,796 
1,795 

1 
9,536 

936 
238 

17,980 
87 

160 
10,960 

83 
149 
278 

2,633 

July 12. J Median 
1986 1982-1986 

6,592 N 
2,924 2,694 

444 514 
61 61 

454,664 454,664 
8,614 11,218 

11,682 11,412 
13,621 13,265 

1,911 N 
2,513 3,025 

314 N 
154 139 
484 475 

4,520 1,993 
4,284 N 

230 N 
1,580 1,745 
1,578 1,742 

2 6 
2,694 2,147 
1,460 1,065 

335 442 
13,672 14,788 

95 180 
188 N 

11,208 11,208 
56 110 

148 168 
293 379 

3,020 3,020 

TABLE II. Notifiable diseases of low frequency, United States 

Cum. 1987 Cum. 1987 

Anthrax Leptospirosis (La. 1) 10 
Botulism: Foodborne 4 Plague 3 

Infant (Conn. 1) 32 Poliomyelitis, Paralytic 
Other Psittacosis (S.C. 1, Wash. 1) 52 

Brucellosis (Ga. 1) 56 Rabies, human 
Cholera Tetanus 18 
Congenital rubella syndrome (Calif. 1) 4 Trichinosis 26 
Congenital syphilis, ages < 1 year - Typhus fever, flea-borne (endemic, murine) 16 
Diphtheria 1 (Tex. 1) 

•Two of the 82 reported cases for thrs week were rmported from a foreign country or can be directly traceable to a known 
internationally imported case within two generations. 
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TABLE Ill. Cases of specified notifiable diseases, United States, weeks ending 
July 18, 1987 and July 12, 1986 (28th Week) 

Aseptic Encephalitis 
Gonorrhea 

Hepatitis(Viral), by type 
Legionel-

AIDS Men in-
Primary 

Post-in- (Civilian) A B NA,NB 
Unspecl- losis 

Reporting Area gitis factious fied 

Cum. 1987 Cum. Cum. Cum. 

I 
Cum. 1987 1987 1987 1987 1987 

1987 1987 1987 1987 1986 

UNITED STATES 9,714 282 475 64 417.472 454,664 449 515 53 52 15 

NEW ENGLAND 417 15 20 12,960 10,280 18 37 2 

Maine 13 1 1 382 486 2 

N.H. 11 6 215 261 

Vt. 4 3 4 111 146 3 

Mass. 250 2 10 4,626 4,447 24 

R.I. 35 3 1,108 886 5 

Conn. 104 2 6,518 4,054 3 

MID. ATLANTIC 2,632 29 62 67,376 75,827 20 27 

Upstate N.Y. 396 8 25 8,943 8,981 13 7 

N.Y. City 1.461 3 5 35,695 44,397 1 11 
N.J. 519 18 7 8,668 9,614 6 9 

Pa. 256 25 14,070 12,835 

E.N. CENTRAL 693 54 136 11 59,757 62,854 24 39 4 

Ohio 112 10 54 5 13.419 15,205 2 6 2 

Ind. 57 21 11 4,824 6,581 10 11 1 
Ill. 346 3 21 6 18,095 16,644 5 8 

Mich. 125 20 40 18,332 17,896 7 13 

Wis. 53 10 5,087 6,528 1 

W.N. CENTRAL 216 10 16 17,014 19.443 34 20 

Minn. 60 1 10 2,654 2,711 3 

Iowa 15 1 1 1,635 1,956 5 

Mo. 96 5 8,797 9,880 12 9 
N. Oak. 1 143 180 

S. Oak. 2 310 393 

Nebr. 14 1,101 1,371 3 

Kans. 28 2,374 2,952 19 

S. ATLANTIC 1,640 70 59 19 110,519 116,616 40 113 

Del. 9 2 3 1 1,685 1,861 1 2 

Md. 192 19 10 4 13,263 13,631 8 30 

D.C. 220 7.411 8.763 

Va. 116 6 19 8,056 9,548 4 11 

W.Va. 13 4 8 804 1,216 1 

N.C. 71 4 16,528 17,681 20 
S.C. 38 4 9,161 10,310 10 

Ga. 242 12 18,237 20,332 3 17 

Fla. 739 19 10 12 35,374 33,274 16 22 

E.S. CENTRAL 117 13 28 4 31,268 36,903 35 

Ky. 21 6 14 1 3,153 4,149 4 

Tenn. 10 1 6 10,996 14,273 16 

Ala. 72 4 8 9,972 10.485 12 

Miss. 14 2 7,147 7,996 3 

W.S. CENTRAL 928 27 49 4 47,272 55.006 35 49 10 
Ark. 23 3 2 4,927 5,078 4 

La. 127 1 6 8,663 9,811 2 18 

Okla. 50 7 12 5,210 6,118 4 3 2 

Tex. 728 16 31 28,472 33,999 25 28 1 
MOUNTAIN 261 19 13 3 11,023 13.476 44 48 3 

Mont. 2 290 385 2 

Idaho 4 404 452 3 

Wyo. 3 228 310 

Colo. 110 16 2,384 3.498 4 8 

N. Mex. 15 1,206 1,349 2 4 

Ariz. 77 3,814 4.428 29 24 

Utah 17 339 579 2 1 

Nev. 33 2,358 2.475 2 4 

PACIFIC 2,810 45 92 16 60,283 64,259 233 147 27 27 

Wash. 140 8 2 4.403 4,935 27 10 5 1 
Oreg. 61 2,260 2,581 18 14 2 1 

Calif. 2,551 43 80 14 52,202 54.469 185 116 20 24 

Alaska 8 2 2 928 1,539 2 3 1 

Hawaii 50 2 490 735 1 4 

Guam 106 91 

P.R. 73 1,173 1,285 

V.I. 139 129 

Pac. Trust Terr. 244 204 

Amer. Samoa 47 26 

N �Jot notifiable U: Unavailable 

465 

Leprosy 

Cum. 
1987 

100 

10 

4 

71 

3 

53 

15 

39 
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TABLE Ill. (Cont'd.) Cases of specified notifiable diseases, United States, weeks ending 
July 18, 1987 and July 12, 1986 (28th Week) 

Malaria 
Reporting Area 

Cum. 
1987 

UNITED STATES 391 

NEW ENGLAND 28 

Maine 
N.H. 

Vt. 
Mass. 9 

R.I. 5 

Conn. 13 

MID. ATLANTIC 35 

Upstate N.Y. 16 
N.Y. City 4 

N.J. 8 

Pa. 7 

E.N. CENTRAL 17 

Ohio 7 

Ind. 3 

Ill. 1 

Mich. 6 

Wis. 

W.N. CENTRAL 11 

Minn. 5 

Iowa 2 
Mo. 4 

N. Oak. 
S. Oak. 
Nebr. 
Kans. 

S. ATLANTIC 68 

Del. 1 
Md. 15 

D.C. 8 

Va. 14 

W.Va. 2 
N.C. 7 

S.C. 3 

Ga. 3 

Fla. 15 

E.S. CENTRAL 
Ky. 
Tenn. 
Ala. 
Miss. 

W.S. CENTRAL 28 

Ark. 1 

La. 
Okla. 4 

Tex. 23 

MOUNTAIN 17 

Mont. 
Idaho 
Wyo. 
Colo. 5 

N. Mex. 1 
Ariz. 7 

Utah 
Nev. 

PACIFIC 180 

Wash. 14 

Oreg. 4 

Calif. 158 
Alaska 3 

Hawaii 1 

Guam 
P. R. 

V.I. 
Pac. Trust Terr. 
Amer. Samoa 

Measles (Rubeola) 

Indigenous I Imported" I Total 

1987 1 Cum. J 1987J Cum. I Cum. 
1987 1987 1986 

80 2,537 309 4,520 

99 150 75 

3 9 

51 102 35 

9 14 
21 27 27 

1 
i§ 

1 2 

14 6 2 

470 43 1,345 

24 9 54 
406 14 364 

19 3 905 

21 17 22 

255 18 916 
1 4 10 

7 

106 12 581 

29 31 

119 282 

194 21 267 

15 19 49 

70 
179 23 

25 

1 

99 

87 10 508 
27 1 

2 29 

1 

55 

1§ 2 
3 

301 

1 82 

56 4 34 

50 

48 

53 296 591 

283 

2 

1 27 

53 295 279 

3 449 15 296 

123 7 

1 

2 

5 7 

295 9 31 

24 1 243 
1 6 

2 1 1 

14 685 49 472 

2 31 1 130 

2 33 7 

12 652 11 315 

4 20 

2 5 

16 649 33 

Men in-
gococcal 

Infections 

Cum. 
1987 

1,796 

158 

9 

16 
10 

76 

14 

33 

213 

75 
17 

44 
77 

255 

87 
29 

56 
68 

15 

78 

25 

3 
22 

1 

1 

3 

23 

301 

4 
28 

5 

49 

1 
41 

29 
57 
87 

83 

15 
30 

32 

6 

122 

16 
10 

17 
79 

64 

3 
5 

19 

3 

21 

9 

4 

522 

65 
24 

421 
4 
8 

4 

3 

Mumps 

1987 1 Cum. 
1987 

130 9,536 

26 

8 
2 

3 

2 

3 11 

153 

73 

39 

41 

36 5,550 
77 

24 780 

5 2,424 
7 807 

1,462 

62 1,254 

54 732 

6 367 
20 

6 

82 

3 

44 

217 

19 
1 

65 

28 
14 

12 

40 
38 

12 1,202 
210 

11 940 
1 52 

N N 

696 

278 

1 200 
N N 
4 218 

180 

4 
3 

28 

N N 
134 

8 

3 

10 258 
2 37 

N N 
8 202 

6 
13 

5 

6 

9 

5 
3 

"For measles only, imported cases includes both out-of-state and international importations. 
N· Nnt nntifiahiA IJ· Unavailable tlnternational §Out-of-state 

Pertussis 

19871 Cum. l Cum. 
1987 1986 

36 936 1,460 

27 88 

5 2 

4 43 
3 3 

6 23 
1 1 

8 16 

115 107 

86 70 
3 

6 9 
23 25 

106 224 
35 80 

4 22 

5 28 
28 23 

34 71 

52 70 

9 29 

10 9 
18 5 

1 3 
2 12 

1 2 

11 10 

4 185 543 

221 

150 

38 20 

39 10 
74 23 

9 
17 76 
12 34 

22 23 

1 1 
6 6 

10 16 

5 

10 71 97 

5 7 

4 17 6 

6 49 56 

28 

3 89 141 

3 7 

27 31 

5 1 

23 38 

7 15 

23 29 

1 17 
3 

11 269 167 

3 40 57 

14 9 

109 95 
3 2 

5 103 4 

12 

Rubella 

1
987 1 Cum. , Cum. 

1987 1986 

12 238 335 

9 

1 

1 

4 

2 

1 

10 28 

8 20 
1 5 

1 3 

27 52 

19 47 
8 4 

1 

10 

13 

2 

2 

53 

53 

19 19 

3 1 
1 

1 

4 2 
10 12 

3 

11 159 160 
8 

1 

100 150 
1 

3 57 

1 2 

2 58 
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TABLE Ill. (Cont'd.) Cases of specified notifiable diseases, United States, weeks ending 
July 18, 1987 and July 12, 1986 (28th Week) 

Syphilis !Civilian) 
Toxic-

Tula- Typhoid 
Typhus Fever 

Rabies, 
!Primary& Secondary) shock Tuberculosis remia Fever (Tick-borne) Animal 

Reporting Area Syndrome (RMSF) 

Cum. 

I 
Cum. 

1987 Cum. 

I 
Cum. Cum. Cum. Cum. Cum. 

1987 1986 1987 1986 1987 1987 1987 1987 

UNITED STATES 17,980 13,672 10,960 11,208 83 149 278 2,633 

NEW ENGLAND 287 275 349 352 16 3 4 
Maine , 15 17 27 , 1 
N.H. 3 10 8 11 

Vt. 1 6 7 11 1 
Mass. 136 142 196 167 10 
R.I. 8 16 25 24 1 1 
Conn. 138 86 96 112 3 2 

MID. ATLANTIC 3,321 1,941 1,849 2,266 17 5 192 
Upstate N.Y. 105 95 274 332 7 3 18 
N.Y. City 2,398 1,099 889 1,157 
N.J. 368 355 342 399 10 6 
Pa. 450 392 344 378 168 

E.N. CENTRAL 483 548 1,337 1,360 18 28 89 
Ohio 56 71 249 223 6 23 6 
Ind. 33 66 130 145 4 ,, 
Ill. 259 294 555 614 5 1 31 
Mich. 95 91 343 312 2 4 12 
Wis. 40 26 60 66 1 29 

W.N. CENTRAL 80 129 344 318 25 8 37 606 
Minn. 10 21 73 81 3 148 

Iowa 11 6 19 24 3 2 166 
Mo. 40 69 193 157 15 3 11 33 
N. Oak. 3 5 4 76 
S. Dak. 8 2 17 15 4 136 
Nebr. 7 11 12 5 1 16 
Kans. 4 17 25 32 2 26 31 

S. ATLANTIC 6,273 4,100 2,354 2,163 4 12 96 710 
Del. 45 27 22 26 , 
Md. 322 243 211 156 29 244 
D.C. 186 174 78 73 28 

Va. 161 212 241 190 5 216 

W.Va. 6 11 64 63 4 29 
N.C. 336 277 261 301 24 5 
S.C. 403 340 231 277 24 34 
Ga. 831 811 350 320 10 104 
Fla. 3,983 2,005 896 757 50 
E.S. CENTRAL 1,037 913 874 993 4 31 192 
Ky. 8 44 241 245 , 5 97 
Tenn. 435 334 191 299 , 18 51 
Ala. 261 295 272 313 6 44 
Miss. 333 240 170 136 2 

W.S. CENTRAL 2,269 2,827 1,299 1,400 30 9 67 395 
Ark. 128 154 157 188 17 1 3 80 
La. 395 466 144 228 2 11 
Okla. 85 74 124 123 11 2 57 18 
Tex. 1,661 2,133 874 861 6 7 286 

MOUNTAIN 362 326 2 256 258 9 8 201 
Mont. 8 6 9 13 1 102 
Idaho 3 6 17 11 1 , 
Wyo. 1 44 
Colo. 61 82 20 23 3 
N. Mex. 32 43 51 54 8 , 
Ariz. 172 132 139 122 43 
Utah 15 9 6 20 2 
Nev. 70 48 14 15 5 

PACIFIC 3,868 2,613 2,298 2,098 10 59 244 
Wash. 46 86 136 108 4 6 
Oreg. 135 57 60 69 3 1 
Calif. 3,675 2,450 1,952 1,777 2 49 241 
Alaska 3 34 33 , 3 
Hawaii 9 20 116 111 

Guam 2 1 25 31 
P.R. 543 442 167 165 37 

V.I. 3 2 , 
Pac. Trust Terr. 112 148 96 32 16 
Amer. Samoa 2 3 , 

U: Unavailable 
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Reporting Area 

NEW ENGLAND 
Boston, Mass. 
Bridgeport, Conn. 
Cambridge, Mass. 
Fall River, Mass. 
Hartford, Conn.§ 
Lowell, Mass. 
Lynn, Mass. 
New Bedford, Mass. 
New Haven, Conn. 
Providence, R.I. 
Somerville, Mass. 
Springfield, Mass. 
Waterbury, Conn. 
Worcester, Mass. 

MID. ATLANTIC 
Albany, N.Y. 
Allentown, Pa. 
Buffalo, N.Y. 
Camden, N.J. 
Elizabeth, N.J. 
Erie, Pa.t 
Jersey City, N.J. 
N.Y. City, N.Y. 
Newark, N.J. 
Paterson, N.J. 
Philadelphia, Pa. 
Pittsburgh, Pa.t 
Reading, Pa. 
Rochester, N.Y. 
Schenectady, N.Y. 
Scranton, Pa.t 
Syracuse, N.Y. 
Trenton, N.J. 
Utica, N.Y. 
Yonkers, N.Y. 

E.N. CENTRAL 
Akron, Ohio 
Canton, Ohio 
Chicago, Ill.§ 
Cincinnati, Ohio 
Cleveland, Ohio 
Columbus, Ohio 
Dayton, Ohio 
Detroit, Mich. 
Evansville, Ind. 
Fort Wayne, Ind. 
Gary, Ind. 
Grand Rapids, Mich. 
Indianapolis, Ind. 
Madison, Wis. 
Milwaukee, Wis. 
Peoria, Ill. 
Rockford, Ill. 
South Bend, Ind. 
Toledo, Ohio 
Youngstown, Ohio 

W.N. CENTRAL 
Des Moines, Iowa 
Duluth, Minn. 
Kansas City, Kans. 
Kansas City, Mo. 
Lincoln, Nebr. 
Minneapolis, Minn. 
Omaha, Nebr. 
St. Louis, Mo. 
St. Paul, Minn. 
Wichita. Kans. 

TABLE IV. Deaths in 121 U.S. cities,* week ending 
July 18, 1987 (28th Week) 

All Causes, By Age (Years} 
P&l .. 

All Causes, By Age (Years} 

A��sJ .. ssJ45·64125-441 1-24 1 <1 Total 
ReportingArea 

A�:s l .. ssJ45-84lZS
-4411

-
24 t 

641 438 124 47 16 16 37 S. ATLANTIC 1,236 765 265 1 08 61 
176 106 46 11 5 8 26 Atlanta, Ga. 91 59 15 11 5 

39 25 7 5 2 - Baltimore, Md. 221 131 55 19 10 
19 14 4 1 Charlotte, N.C. 80 43 20 7 6 
25 17 6 2 - Jacksonville, Fla. 110 77 21 7 4 
61 40 13 5 1 2 1 Miami, Fla. 99 57 19 11 9 
11 8 2 1 Norfolk, Va. 67 38 16 9 2 
30 27 3 Richmond, Va. 91 58 21 6 3 
30 22 5 3 Savannah, Ga. 34 26 7 1 
61 46 5 5 3 2 1 St. Petersburg, Fla. 76 62 6 3 3 
46 30 10 2 3 1 - Tampa, Fla. 78 46 18 7 4 
12 9 1 2 - Washington, D.C. 259 147 60 27 1 3  
32 22 6 2 2 3 Wilmington, Del. 30 21 7 1 1 
36 23 8 4 1 1 
63 49 8 5 1 5 E.S. CENTRAL 827 514 1 77 63 31 

Birmingham, Ala. 122 72 32 5 7 
2,718 1,753 547 270 74 74 111 Chattanooga, Tenn. 70 45 14 6 1 

52 38 12 1 1 1 Knoxville, Tenn. 109 60 24 1 3  6 
21 13 6 2 Louisville, Ky. 104 56 29 1 1  3 

127 84 32 6 2 3 7 Memphis, Tenn. 193 122 33 1 4  8 
46 26 14 2 2 2 Mobile, Ala. 60 48 5 4 2 
20 15 2 3 1 Montgomery, Ala. 44 28 8 5 2 
46 32 7 4 2 1 3 Nashville, Tenn. 125 83 32 5 2 
55 38 11 4 2 3 

W.S. CENTRAL 1,281 779 283 123 1,394 865 282 172 38 37 46 60 

61 25 15 14 5 2 4 Austin, Tex. 53 34 12 4 2 

32 22 1 5 4 Baton Rouge, La. 20 14 4 1 

401 262 88 32 12 7 21 Corpus Christi, Tex.§ 44 29 10 3 1 

78 54 14 3 3 4 3 Dallas, Tex. 210 109 59 20 13 

32 29 1 2 2 
El Paso, Tex. 69 42 13 6 5 

128 88 26 8 2 4 12 Fort Worth, Tex 90 54 20 8 6 

33 27 3 3 2 Houston, Tex.§ 308 1 76 74 34 13 

29 26 2 1 Little Rock, Ark. 85 49 15 12 4 

78 57 9 2 6 4 5 New Orleans, La. 1 02 65 15 17 4 

36 16 15 4 1 San Antonio, Tex. 1 76 1 16 39 14 6 

21 17 2 1 1 1 Shreveport, La. 24 17 5 1 1 

28 19 5 2 2 _ Tulsa, Okla. 1 00 74 17 3 5 

2,375 1,532 489 1 72 93 89 76 MOUNTAIN 659 410 137 53 29 

61 42 12 2 2 3 Albuquerque, N. Mex. 79 38 26 9 3 

51 27 18 4 2 3 Colo. Springs, Colo. 43 25 10 4 2 

564 362 125 45 10 22 16 Denver, Colo. 91 63 11 8 7 

183 106 36 18 17 6 6 Las Vegas, Nev. 89 54 21 5 5 

163 93 40 11 9 1 0  1 Ogden, Utah 27 21 5 

128 70 31 8 7 1 2  3 Phoenix, Ariz. 164 103 31 13 4 

122 81 24 8 8 1 4 Pueblo, Colo. 26 1 6  5 5 

261 154 54 35 9 9 6 Salt Lake City, Utah 41 23 7 7 4 

41 28 10 1 1 1 2 Tucson, Ariz. 99 67 21 2 4 

43 32 7 1 3 PACIFIC 1,865 1,167 367 171 84 
20 10 4 2 3 1 2 Berkeley, Calif. 23 1 7  6 
67 48 11 4 3 1 4 Fresno, Calif. 63 39 1 0  5 2 

176 125 30 7 4 1 0  6 Glendale, Calif. 31 25 5 1 
36 26 4 3 3 1 Honolulu, Hawaii 77 59 13 4 

147 109 25 8 2 3 6 Long Beach, Calif. 42 22 1 0  2 1 
39 24 9 1 5 1 Los Angeles Calif. 558 337 115 70 23 
46 35 4 5 1 , 3 Oakland, Calif. 66 45 1 1  6 4 
34 25 4 2 2 1 Pasadena, Calif. 27 21 2 2 2 

11 7 85 26 4 1 1 10 Portland, Oreg. 128 80 24 1 0  7 
76 50 15 4 5 2 2 Sacramento, Calif. 146 81 32 9 12 

845 598 149 42 26 30 37 San Diego, Calif. 154 94 24 1 4  12 

88 62 14 1 5 6 11 San Francisco, Calif. 1 45 95 24 23 2 

32 21 9 1 1 1 San Jose, Calif. 1 70 106 30 1 3  11 

40 27 8 1 3 1 2 Seattle, Wash. 1 53 88 41 1 0  8 

1 04 79 18 4 1 2 5 Spokane, Wash. 41 28 12 

40 27 11 1 1 2 Tacoma, Wash. 41 30 8 2 

173 124 31 8 7 3 5 TOTAL 12,447tt 7,956 2,538 1,049 474 
87 50 18 9 3 7 5 

155 111 23 13 3 5 
66 52 12 1 1 1 
60 45 5 4 1 5 5 

P&l,.. 

<1 Total 

36 46 
1 1 
6 3 
4 3 
1 7 
3 
2 7 
2 7 

1 
2 3 
3 7 

1 2  7 

42 43 
6 4 
4 3 
6 7 
5 5 

16 9 
1 6 
1 1 
3 8 

36 51 
1 
1 
1 
9 6 
3 
2 9 

11 7 

5 6 
1 
1 17 

1 
1 5 

29 38 
3 2 
2 5 
2 4 
3 5 

1 4 
13 4 

2 
2 

5 1 0  

69 95 
1 

7 6 
2 

1 7 

7 1 
6 1 5  

6 
3 

7 5 
12 9 
10 1 2  

1 4 
10 1 0  

6 7 

1 5 
1 2 

421 534 

*Mortality data in this table are voluntarily reported from 121 cities in the United states, most of which have populations of 100,000 or 
more. A death is reported by the place of its occurrence and by the week that the death certificate was filed. Fetal deaths are not 
included. 

**Pneumonia and influenza. 
tBecause of changes in reporting methods in these 3 Pennsylvania cities, these numbers are partial counts for the current week. 

Complete counts will be available in 4 to 6 weeks. 
ttTotal includes unknown aoes. 
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Occupational Fatalities - Continued 

1984 esti mates : the Burea u of Labor Stat istics ( BLS) reported 3,750 such deaths i n  
1984 (5 ) ; the National  Safety Cou nci l ( N SC) repo rted 11,500 ( 6  ) ;  a nd the N at ional  
Center for Health Statistics ( N CHS)  reported 4,960 (unpub l ished data ). Whi le the 
d iscrepancies ca n be attri buted i n  part to the use of d ifferent methodolog ies, 
sampl ing strategies, and exclusions, they i l lustrate the need for more complete data. 
The NTOF data base represents a n  attem pt to provide a complete census of 
wo rk-related traumatic deaths rather than a samp l ing of such deaths. 

There i s  adequate justificat ion for bas ing NTOF su rvei l l a nce on data from death 
certificates. This type of su rvei l l ance for occu pationa l  fata l it ies has found i ncreasing 
use ( 7,8 ) .  The certificates a re standard ized and  u n iversa l ly ava i lable, and they 
provide the req u i red data (e.g . ,  demographics, location, industry/occupation, etc . )  
with acceptab le accu racy. T h e  p re l i mi n a ry ana lyses reported here i n dicate that th is  
su rve i l l ance system ca n provide cu rrent n u m bers of occupationa l  fata l ities, identify 
h ig h-r isk industries (or  occu pations) at the state level,  a n d  monitor t rends over t ime.  
The average of 7 ,000 fata l it ies per yea r fa l l s  i n  the midd le  range of  est imates reported 
by B LS, N SC, and N CHS, lend i ng credence to the NTOF fig u res. The i dentification of 
m i n i ng ,  construction, and  ag ricu ltu re as  h i ghest risk i n dustries is  a lso consistent with 
other  nationwide and state-based stud ies (4,9 ) . 

Whi l e  th is  study demonstrates the potentia l  va lue  of th is  surve i l l ance method, it  
a lso ind icates some l i m itations cu rrently i n  the system. Death certificates a re selected 

TABLE 2. Average annual traumatic occupational fatalities and years of potential life 
lost (YPLL), by industry - United States, 1980-1984 

Industry* Employment (2 ) 
Ag ricu lture, Forestry, 

Fisheries 3,479,322 

M i ning 1,047,871 

Constructio n  4,127,483 

M a n ufactu ring 19,741,833 

Transportation, 
Com m u n ication, 
Publ ic Uti l ities 4,619,397 

Wholesale Trade 5,244,168 

Retai l  Trade 15,335,591 

Finance, I nsu rance, 
Real Estate 5,492,639 

Services 1 8,554,496 

Publ ic  Sector N/A 11 

Number of 
Deathst 

707 

315 

952 

838 

901 

56 

287 

72 

545 

450 

Fatality 
Rates1 

20.3 

30. 1  

23. 1  

4.2 

19. 5  

1. 1 

1.8 

1.3 

2.9 

N/A 

YPLL 

1 5,205 

9,406 

25,471 

21 ,354 

23,329 

1 ,367 

6,766 

1,569 

15,081 

13,597 

Industry U nknown** N/A 1,358 N/A N/A 

*Industries classified according to U.S. Office of Management a n d  Budget, Standard I ndustria l  
Classification System, 1972 E d ition. 
tooes not i nclude the 2,070 additional  fata l ities esti m ated for juri sdictions that d id  not include 
certificates reporting deaths attributabl e  to hom icide or su icide or stating the cause of death a s  
"pending".  
§Per 100,000 workers. 
11N/A = not avail able.  
**Cases for which industry was not l i sted or  was u nclassifiable. 
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and initially processed by different reporting units, and there may be inconsistencies 
in the way different jurisdictions determine whether or not an injury occurred at work 
( e.g. ,  1 6  reporting units failed to classify homicides and suicides as work-related). 
Another potential source of undercounting might be a failure to include work- related 
motor vehicle accidents. 

This study also illustrates the difficulties encountered in obtaining denominator 
data to calculate rates. No single source of employment data provides complete 
information on geographic location, demographics, and industry/ occupation for all 
workers. Therefore, NIOSH used 1 980 census data to compute overall age- specific 
rates, but used separate census data bases to calculate state- and industry-specific 
rates. Even so, some analyses were incomplete because denominator data did not 
include certain worker populations ( e.g.,  those employed in public administration). 
Fully satisfactory sources of denominator data must yet be identified for surveillance 
of occupational safety and health. 

Nevertheless, the NTOF appears to provide the most accurate analysis of traumatic 
occupational fatalities to date and may well provide the data necessary to identify 
high- risk populations and, thus, reduce such deaths. Except for the homicides and 
suicides that occur "at work" and pose additional social parameters, the national toll 
of occupational traumatic deaths reported in the NTOF is largely preventable. The 
identification of particular states with higher fatality rates suggests possibilities for 
state- based or regional intervention efforts. 
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Epidemiologic Notes and Reports 

Serum Dioxin* in Vietnam-Era Veterans - Preliminary Report 

Agent Orange, a defoliant used in Vietnam, was a mixture of 2 ,4 - D t  and 2 ,4 ,5 -T§. 
D uring manufacture 2 ,4 ,5 -T was contaminated with TCD D *, a compound with marked 
toxicity in some species of experimental animals ( 7-4 ). In 1 979, the U.S. Congress 

*2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or "dioxin". 
t2,4-dichlorophenoxyacetic acid (2,4-D). 
12,4,5-trichlorophenoxyacetic acid (2,4,5-T). 
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responded to concerns of Vietnam vetera ns by pass ing Publ ic Law 96-1 51 mandati ng 
epidemiologic studies of the possi b le health effects on Vietnam veterans of exposu re 
to herbicides and their  associated d iox in  contaminants. In 1 983, CDC developed a 
protocol (5 ) for a h istorica l cohort study (the Agent Orange Exposure Study) of U .S .  
Army vetera ns who had served in  heavi ly sprayed areas of  Vietna m .  The protocol 
specified that the deg ree of exposure to Agent Orange be based on a sco re esti mati ng 
the " l ikel i hood of exposu re" and calcu lated from i nformation i n  m i l itary records. 

Men who served in the I l l  Corps m i l ita ry reg ion (around Saigon)  d u ring the period 
1 967- 1 968 were selected for study beca use th is reg ion was heavily sprayed duri ng 
that t ime.  The U .S. Army and Jo int Services E nvi ronmental Su pport G roup (ESG)  
found that 65 U.S .  Army com bat batta l ions had spent at least 18  months in  the I l l  
Corps a rea d u ring the period 1 967-1 968. The ESG abstracted da i ly  locations of 
companies with i n  these batta l ions from m i l itary records and  obtai ned personnel  
records of men who had served i n  those companies. Usi ng existi ng records of each 
appl ication of Agent Orange by fixed-wi ng a i rcraft, he l icopter, or  ground-based 
equ i pment a n d  ESG troop location data, CDC developed severa l d ifferent methods for 
com puti ng exposure scores fo r each man .  These methods were based on each man 's 
da i ly p roxi m ity ( i n  t ime and space) to recorded Agent Ora nge a ppl ications. 

Su bseq uent eva luation of m i l ita ry records by CDC and ESG revea led that da i ly  
tracki ng of  i nd iv idual  so ld iers was not a lways poss ib le .  The ESG eva luation a lso 
suggested that many he l icopter and g round-based sprays, wh ich were often near 
troops, were not reco rded. Conseq uently, CDC has conducted a val idation study 
using cu rrent TCDD levels i n  seru m as a biologica l  ma rker to determ ine  whether 
scores based on m i l ita ry records or on veterans' self-assessed exposu res to herbi­
cides cou ld identify those vetera ns who had received heavy exposu re in  Vietnam.  

Dur ing 1 986, CDC's Division of  E nvi ronmenta l Hea lth La boratory Sciences, Center 
for Envi ronmenta l Health , developed a method fo r measu ri ng TCDD in human seru m. 
The measu rement, which is  based on l i pid  weig ht, is  h igh ly correlated with pa i red 
measu rements of TCDD in  adi pose tissue ( r =  .98) (6, 7 ) .  The same laboratory 
su bsequently used pa i red sera (d rawn i n  1 982 and 1 987) to est imate the ha lf- l i fe of the 
TCDD body-bu rden in  man as approximately 6- 1 0  yea rs (CDC, u n pub l ished data ) .  The 
sera came from Ai r Force personnel  i nvolved in spraying Agent Ora nge in Vietnam 
d u ri ng 1 968. Some of these sera sti l l  show marked ly e levated TCDD levels i n  1 987. 
These new developments suggest that only about 2 to 2 .5  TCDD ha lf- l ives have 
e lapsed s i nce potentia l  exposu re in Vietnam and that seru m TCDD ca n serve as a 
biological  ma rker for previous Agent Orange exposu re.  These fi nd ings a re the basis 
for the study of U.S. Army veterans reported here . 

Vietnam vetera ns invited to pa rtici pate in th is  study had served i n  at least one of 
the 65 selected batta l ions between October 1 966 and March 1 969. They were chosen 
from the 9,727 men whose records were sufficiently complete for exposu re scori ng 
and who met the orig ina l  selection criter ia proposed in  1 983 (e .g . ,  on ly a s ing le  tour  
of  duty i n  Vietnam and pay g rade of  E 1  to  E5 at  d ischarge) .  The exposure score used 
to select Vietnam vetera n pa rticipants was the tota l n u m ber  of occasions on wh ich the 
veteran's u n it was with i n  2 km of a docu mented Agent Ora nge spray with in  6 days 
after that spray. Th is  sco re is based on the assu m ption that TCDD undergoes ra pid 
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degradation on vegetation (8-10 ) .  A l l  but 1 0� of the 3 1 4  men with a h i g h  exposu re (a 
sco re of 5 or  more) were invited to pa rt ici pate in  this study. A stratified random 
sample of 235 of the 1 ,351 men with a score from 1 to 4 were i nvited, and a sample 
of 440 of the remai n i n g  8,062, a l l  of whom had a score of 0, were invited.  These men 
averaged over 300 days of service i n  Vietnam. A stratified ra ndom sample of 200 
non-Vietnam vetera ns of the sa me era were i nvited as  a com parison g roup. Wh i le  
they d id  not have Vietnam-re lated exposu re to  Agent Ora nge,  the i r  demographic and  
other  persona l  cha racteristics were s i m i l a r  to  the Vietnam veterans.  

Of the 979 i nvited Vietnam vetera ns, 871 (89% ) com pleted telephone i nterviews, 
and 665 (68% ) a lso com pleted medica l exam i nations and  gave blood for TCDD 
measurement at CDC. Those repo rti ng health problems i n  the telephone i nterview 
were more l i kely to partici pate in the exam i nations and  b lood sa m p l i ng than were 
those report ing good hea lth. Of the 200 no n-Vietnam vete ra ns i nvited, 1 03 (52%) 
partici pated fu l ly. This lower pa rtici patio n  rate does not affect exposu re scores or  
TCDD levels i n  Vietnam vetera ns. Each partic ipa nt underwent a deta i led i nterview 
regard i ng m i l ita ry and civi l i an  exposu res to herbicides. Table 1 shows selected 
cha racteristics of the part ic ipa nts by exposu re g roups. Whi le  25% of Vietnam 
veterans reported d i rect exposu res (p resent d u ring sprayi ng or  hand led sprayi ng 
equ i pment) and 70% reported i nd i rect exposure (wa lked th rough defol iated a reas), 
6% of non-Vietnam veterans reported such exposu res. Those who were both 
interviewed and  exa m i ned were s imi la r  with respect to the characteristics shown i n  
Table 1 t o  those who were interviewed on ly. 

The p rel im inary TCDD d istri butions, which a re shown in Fig u re 1 and a re based on 
the fi rst 5 1 9 speci mens processed, represent a 68% ra ndom sample of the partici­
pa nts. Al l of these men except one had TCDD levels ( based on l i p id  weig ht) below 20 
parts per tri l l ion (ppt) ,  which is  considered the u pper l i mit for residents of the U n ited 
States without known TCDD exposure (6,7, 11,12 ). There was no s ign ifica nt d ifference 
among the three Vietnam veteran exposu re g roups selected on the assu mption of 
short environmenta l ava i lab i l ity of TCDD (p = .83 ) .  Likewise, no associat ion was fou nd 
between TCDD levels  and  two other methods of scori ng  exposu re that were chosen 
to reflect a longer environmenta l persistence of TCDD (one method accou nted for the 
d ista nce from the spray, without regard to the t ime s ince spraying ,  and the other 
accou nted for tota l days spent in  heavi ly sprayed a reas) .  Fi na l ly, no association was 
fou n d  between TCDD levels and self-perceived herbicide exposure in the m i l itary 
(either d i rect exposu re or delayed exposu re). The median TCDD levels fo r a l l  
exposure g roups were between 3.5 and 4 .3  ppt. Furthermo re, TCDD medians fo r 
Vietna m  veterans ( median = 3.8 ppt) and non-Vietnam vetera ns ( median = 3.9 ppt) 
were virtual ly the same. A fu l l  report wi l l  be pub l i shed after TCDD measurements 
have been com pleted for a l l  participants and  the fu l l  report has  been reviewed by the 
Agent Orange Worki ng G roup of the Domestic Pol icy Cou nci l  (Executive Bra nch ) and 
by the Congress iona l  Office of Technology Assessment.  

Reported by: Agent Orange Projects, Div of Chronic Disease Control, Div of Environmental 
Health Laboratory Sciences, Center for Environmental Health, CDC. 

Editorial Note : The purpose of th is  study was to determine whether est imates of 
exposu re based on m i l ita ry reco rds or on i nterviews of U .S.  Army veterans can 
�Ten men who were g iven scores of less than 5 at the t ime that invitations were issued were later 
assig ned scores of 5 or  more on the basis of corrected company location and m i l ita ry service 
data provided by ESG. 
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identify those with heavy exposure to TCDD. Seru m TCDD leve ls measu red in  1 987 
were not associated with any of the i nd i rect exposu re scori ng methods eva luated . 
Beca use of the pu rpose of the study, men with h ig her exposu re sco res were 
del i berately over-sa m pled.  The d istri bution of TCDD levels reported here can not be 
genera l ized with confidence to a l l  U . S .  Army Vietnam vetera ns s i nce the study d id  not 
use a random sa mple  of a l l  such vetera ns.  

Whi le CDC was processi ng sera from the U .S.  Army vetera ns reported here, it was 
concu rrently process ing sera from other  g roups with known occu pational  exposu re 
to dioxin pr ior to but not after 1 970. Some of those who were occupation a l ly exposed 
had TCDD levels more than 30-fo ld h igher  in 1 987 (CDC, u n publ ished data ) than the 
median levels of approxi mately 4 ppt reported here for Vietnam vetera ns. 

The d istri bution of TCDD leve ls  for the Vietnam vetera ns, with a l l  but one below 
the u pper l i m it for unexposed U .S.  residents, suggests that few of the partici pa nts i n  

TABLE 1 .  Selected characteristics o f  participants in the Agent Orange Validation 
Study, by levels of exposure to Agent Orange* 

Vietnam Veterans 

Agent Orange Exposure Scores Non-Vietnam 
High Medium Low All Veterans 

Characteristics (n = 194) (n = 164) (n = 307) (n = 665) (n = 103) 

Demographic cha racteristics 

Age ( m e a n )  40 41 40 40 39 

Race ( nonwh ite) 25 % 30 % 25 % 26 % 20 % 

M i l itary service cha racteristics 

Type of en l istment (d raftee) 73 % 80 % 84 % 80 % 74 % 

Tactica l Most 68 % 87 % 89 % 82 % 28 % 

Repo rted com bat exposu re 

( mea n sco re§ ) 36 41 38 38 

Days in Vietnam ( m ea n )  338 322 306 320 

Self-reported herbicide expos u re 

M i l itary :  

D irect 23 % 26 % 26 % 25 % 6 %  

I n d i rect 69 % 69 % 72 % 70 % 6 %  

Civi l i a n :  

Occupat ional  1 9 % 20 % 20 % 1 9 % 32 % 

Home use 35 % 29 % 35 % 34 % 44 % 

Cu rrent health cha racteristics 

Smoki ng (ciga rette) 47 % 49 % 51 % 49 % 48 % 

Alcohol  use ( mea n n u m be r  

o f  d ri n ks/month) 66 46 66 6 1  54 

Body mass i ndex (mean)  27 28 28 27 27 

*2,3,7,8-tetrach lorod ibenzo-p-d ioxin (TCDD) or "d ioxi n". 
tMOS = m i l ita ry occupat ional  specia lty. 
§ From q u estio n n a i re ;  possib le  ra nge of 0-72. A h ig her score ind icates more combat experi ence. 
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th is  study have had u n usua l ly heavy d ioxin  exposure.  No threshold level has been 
determi ned as yet for the hea lth effects of TCDD on hu mans.  

FIGURE 1. Serum TCDD* levels of Vietnam and non-Vietnam veterans participating 
in the Agent Orange Validation Study - United States, 1987 
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FIGURE I. Reported measles cases - United States, weeks 24-27, 1987 
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