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Introduction 

Neoria tat tetanus is a major cause of i n fant death throughout 

much of' the developing world 11]. Neonata I tetanus most. commonly 

results 'rom iii f'e, L ion of the newi riil thlrough unhygienic dressing 

of the 1u1mb1)i I i caICord :t L.tlhe t. ire of de-livry Once 'on tLrac ted 

dlriig irrl'aricy , i . :i faLal iln a very Ii gh lterc(ritLage of cases.
 

S y miLo m s 
 Lyp i. cal I y become mai fest, iii the taLtLer parL cf the 

f i.i-si, week of' ] i fe, wiLli Lhe majori Ly of" Lo Lanus deaths occurring
 

ie~t Aeerl thre [mt'r arid ldolrrteellt i days of' i f'e
 

Preventionl of, Ieolta a IP'LanIus is imrosL ccinmonily achieved
 

throu gl i muu ii zati on o V wornie ie 
 o f clh.i I dbea i ng age, The efficacy 

of' (tLariiis l,,',oid illiinrI i[ tl. joni in re(llcinig mneoniatal niortality has 

been demonstirated in a wide 'a.tijeiy of se ttings [2-5]. While 

thei-e is -i I.]tie debate abouLt hIre ieril. s of' Letands iinunization 

progr'arllis, ipoiJr'tanit, luestions e'mnla in concerni ng the effectiveness 

of' di Cf'erien. dose 'e iiewns arid iiUn iz at ion strat.egies. Imnportant 

unr'esolved questions rrc lUd.: Whaint reducLions iii neonal,a] arid 

in farn t mo rLtat i L y ni gh L real. isLically be achieved through an 

effective te LalIUS iilinuni zation progra 11r? What a'e the relative 

merits of strate g ies which Larget oiiiIy pregnant wonen as opposed 

to atl reproduc Live-aged women? What number of doses is 

su f f i.c en L to prov i.de i mmu ni t y aga. is L Lhe coni. rac ti on of 

tetanus? WhaL is the maximum duration of effective immunity 

against teLanis conferred by inllnlizati, on? These questions are of 

paramount pol icy relevance given the frequent limitations of 

set'lce de.livery systems in settings where tetanus remains a 

major public health problem. 



Da La from the Demog rph i c Sul vei I lance Sys tem in Matlab, 

Bang ladesh ptrmi more deLailed invest.igat ion of t.he imp.',c, o f a 

te tanu.s immuni zaLtion rograi upon leozi tat mortaliLy. In the 

present stiLn --- the 'i1'st ill i Ser1i s oil t.)e t"tearlts imlmurizationi 

'ogram--- w, I Iexam th, i mlI ,upon su bsequent neonatal 

morta I i y of the prov is iol ofC on( and two (loses of telvonus toxoid 

to mothle rs, deli vered as a 1)Aacebo i n a chIol era vaccine trial. 

Data and Methods 

Data 'ro i exper imental pi lot. pro.ject. in r'uir'ai Bangladesh 

lprovi do a Iun i que oppolt ini L to address manty of' these issues. 

S.i rice 19(63, lie lnIiu,,ri-at iorial C('en Ire for 1)iar iuhoeal Disease 

Research, langlae s I I('.1)1),I) has mai ita inied a field site in 

Mt L.ab , 1 1 I.ale -ine a'c,a *i t 1a ted approximat e ly .15 

li I oliotLe suit I"Ieas,, of" I)haka, the (,it iLI of Bang Iadesh. At the 

t i1e of the 1982 census , tLii S ;1rea cons i s Led of 1.19 villages
 

col ta in 
 r el y 


feat,1re of tl.h is - tudy a re:1 


in a t ,o" L o)0u. i Li on of ' l,) ,ima 190,000. A key 

is the ex is tence of' the l)emograpii.i c 

Surve i. 1 anice Sys Lem (DSS), a sV 1,('1t1 whit chi maiItai ns con Li nuous 
survc, i l anlce o vi. a e si (, ir tIsarr a th is,n.s ts, grati on, I age 

and di vorce ) oi a 'or tn i gli Liy basis iTroughou L the en Lire study 

area. This sys ten has res u I led iii Le %e I of accuracy arid 

comp.eteness ill the registration of' vi tal events such as births 

arid deaths -- the subject of interest in the present study-­

which is likely unique for a rural , traditional population [6], 

In October of 
1977, the ICDDR,B launched an experimental MCH
 

and family planning program in roughly ha2.f of the atlab 
area.
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The remaining villages served as a comparison area, wilh services 

limit.ed la'gely to those provideld hy the regular' 
govet'nmenl. 

)r'ogr'a 1 Whi Ie sei' ces were ini Lial I y I i mi ted to family 

S1anllning, o i' I. i Ie the range of sev i ces of' 'ered was expanded to 

include imwunizat, iori, Oral iehydiaLion therapy, and safe delivery 

pr'act,i ct-'. .\[ tlouigh tihe L(,LtaLnus i IIIIllliI Ii on progrfamII WaS formally 

added as a CoiI)onentlL of" the serv'\ice pr'ograml in June of 1978, a
 

signif'icantL num 
 "her women in fac. aof h-id lready receivedl tetanus
 

immunijzaLionns prior to 
t.he in troduct ion of the formal prog'am. 

III ,11ily and :\Or.Lust. of' 197.1, Ihe IC DI) ,13 fiele ded a cholera 

vaccination trial of children aged 1-1l years and non-pregnant 

women aged 15 and over in I he entire stl(dy area. As the pJacebo, 

these individualIs received either one twoor doses of 0.5 ml 

a [-1liinuml phos pha f-adso .hot int. t ii.d.O As resull of" Lhisiis a 

trial, 
in addiLion to t Ih,At;,4.42 individuals receiving either one 

or' two inject ions of chiolera vaccine, 33,175 individual,s ree .vedi 


two teLanus Loxoid injecLions, and an additional 
 13,220
 

individuals received one dose of 
tetanus Loxoid [7]. Thus, 
 a 

significant proporLion of the MatLab general population, and
 

reproductive-ageO 
women speci ficall.y, may have received at least
 

some protectioni against tetanus prior to the 
immunization program
 

introduced in as
1978 part of Matlab service program in the
 

treatment. area. 

In thiis 
paper, we explore the reduction in neonatal Inortality 

atLributable to the tetanus toxoid immunization placebo 

administered to treatment area women as 
part of the 1974 cholera
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VlACC i MII- I 'i a I . I n or'dor' to ol i, i n i 1!rocu1,t' i on on i m1port'nlt. 

Cova i ates, our analysis is .ted upon I~irtths to the 15,63G 

molLhor who were pesent during t he initi jal. base[ i Ie survey ill 

t1e t ret.illiL nr'(,, ca ie']i , o t ii1 1)c eui1) e 1, oV 1977. Anavlysis is 

Further r'esitri cteI W0 "My births I o these women01 wh ichi occurred 

prior r.t to ,Hiei ' e i 'i, Ii a dit. i orl:i I t'tan"lus .oxoi d doses Lhrouqli 

the sublse u.l(elt. ,'mr i lzat. 'ograrm ich iniml uni ion (wh began 1978), 

inl or(der to :void t h" confounding rIocLs of subsequent tetanus 

Loxoid \aun inaltrlon. These critori a resui lt in a tt Ia or 11,51; 

b irthus in t.Lhe lrsen analysis; HO pucerunt. orf whom were born to 

iIIoth.ieI'Is \wht1o t ' i (1 lt) t tlan S 'Jos -;,e 14 perceIt. lnoLhers whoto 

received to doses, and the rema ining 6 percent t.o moLhiers who 

received only one dose as part. or the 197A1 cholera vaccine trial. 

Results 

The results presented in Table I demonsttrate a significantly 

lower, neonatal morLal i ty rate among a] I births to mohhrs who 

rece'ived two tetanusLoxoid inLjecrions compared Lo births whose 

mothers e're unimmnuuniz ed during the 197.1 trial - 46 vs. 70 per 

thousand live )irt hs . This di 'Fereice represents 34 percent. 

reducLion in neona.n l mortality, and is statistically significant 

(p <.01) . Neonatal mortal ity rates for births whose mothers 

received only< one dose o' tetanus to.oid were coumparable Lo risks 

for tie two dose group[l (15 vs. -1(; per' 1000). The difference 

between r isks for' the one dose and the unvaccinated group is also 

s a tisLically significanit. (p <.05). 

7
 



To examine tihe possibil it.y of dee Iiriing prot.ective immunity 

over time, tihis reaI t ionship wa.y also cons.idered by birth year 

c.oho rt. Larger" Ipr'op)O1,tl Oll, [ l iort.oni ,y red(ct'i il ar'e observed fut' 

birth.s wlhich occurred I tr l 974 trial (1971­shio rt n f 'et I vaccine 

76) I han froim 1977 ,nwaurl (50 an AI 7 p 'rceriL, V. 25 anI 28 

percent.). lh r'eduu Liun in mIoI'La Ii it, rel-aLive Lo the ur,.immunized 

gr'oup is sLa. isl i't ally sigii i t' foriIbo tth ' Lwo dose (p <.0U ) 

and tIlE, oi(e ,l-e, ( p <.05) groups:.-; in lie earlier bir.h cohort 

(1971-761). I,1'"o''1 , illioig the lt, r'thirtli cohort ( 1977 onward), 

these (ti'fererr e. - h' e decI lined in sin iritcan'e for both the two 

dose (p <.05) an th e'ne dos ( not. si gni'icanLt.) g'oups. The 

impact of vacc inal. ion ozn ml y is "lmosL theriwonaal l ottalit same 

tfor t.hie two dose :andt one dose groups in bohl birth c'hort.s. 

'lab e 2 present s tUiP effect of vaccination status upon 

nnortri I i yV during 4-1-1 d:ys of Iit', Ihe period when Letanus 

iPe pr'ievnl eL t.deal nr most I T]'le resul I s show even more 

pr'oniournc ,! e leerr Its orI vac ci nat ion upun mor al iLy, with 41-14 dtay 

mortal itv reduiced by almost Lwo- Ilirds compared to the 

rimmunized roup. \s in lhe case of neonatla miortalii tly, the 

ef'tfects or one and two doses are Compar'able and are highly 

statist ical ly sigii'icanL (p <.)1 ). More detai led breakdowns by 

bi rthI cohiort , howevetr, reveal n somewhat less consis Lent 

picture. Two doses of tetanus toxoid res"LL in a i'eduction in ,1­

14 day morLali ty which is statistically significant (p .01) in 

both the 1971-76 and 1977+ birtIh cohorts. This effeL- is 

parti cul ar y pronounued for the cohori't born closest to the 

vaccinat i on date ( 1971-76 births) , with 1-14 day mortality 
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red tic ed ty 821 pe I.'ee t. re .atL ive t.o the urn vac c i na Led g r ou p 

F indings 'ot' t:, gI'ottp t'e'e:it, ItL ontly oile (loSe, however., are more 

atli i LtlOlls. Witl i 1c t (ellior't.a I ty -'odlt1' i on itss e ioc. i with oil Ly one 

t.e ,11s (Iose is itoII-s i IIi f i c It I ot' the, ell,I ie' )i rLh cohort., 

1hi i 1 od I I i on i s Ilj III s i gtni Ii ('ticltl. nnong t.he gr'otlp borit r'roII 

,1977 onwarl ( . 011 

Whi e vac," i nImt, oit ,loses were r'aitldoill. y assjgned duriig the
 

1974 vacc i ne tr i al, te lvacCi 11,ted group a 0so con Lai ned a 

sign i r'i c'm . mttt rr o1' L ,ils Iwhos, Iot.let. eneIL ed Lhe I.reatLinent 

ai'et stt(I y plt,Ia, iaof] l.1 rokit h ma' i at-(-, orI- it-nii graL,ion after the 

19 7.1 t,' .i a I I L i 1)1e t lat. I ites. wottei di f'fered 

S ul-t.amtI al l'i.tamy Miot hers pr'esent.tat I ho 197.1 trial in- terms of 

the irt I,le ogt'altph ic or so oeu ctconiomi
'ann Let' isLics. We therefore 

preseit ill 'labie 3 the 'esutl ts of' ttm.lLi ple logistic regression 

Io(e Is of te e ['feCe I of t,. Ltus vtc' i n,.. iott upon both neonaLa.[ 

and day m.1or.a i I , t'o . 1-1.1i ntg for the effecLs of other 

pot.enlt. i a lIy (:oIIf'otldrl I .Moe tio-demogrplk i c cova'i at., s . The control 

vaI'i ables i litI kde Itaterita age arid pari Lv ( aL t, ille o f
 

ch i1db ir th 1, rta
tiate I[ ed LIcat.Lot , ar'ea or househo.d, posL-1974
 

vaccine Lrial brLth 
 order (i.e, whe ther the reference birth was
 

the ' i 'S t , secorid, or higher order birlt to 
 the moLther following 

the 197,1 vaccine trial , and year' of bi r Lh. MaLernal age, 

materna.[ education, aild area of' household were 
riot statistically 

signi ficantt in the iriLt ia] models, and were there for e not 

ret ained i.n Lhe fi nal ItodeI. s. 

As shown in Tab 1e 3 , the e t'e L of two doses of tetanus 

toxoid remains highiy significant for both the neonatal and 4-14 
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~T", 

sgi i'Lx i sL alssociassjoi tdnir '1ode s ' 

~ Parhty s nota eien ofaginfcnt r oromiay, for te nea 'La 

catise of death durin1g thI.i,period 'and 1)revio0'u s, findings whh,>,,J 
fIled" to det'e' aire-atii'ons'hij$,be ween parity and& tetanus *~ 

de Laths,,j 9j Post-'~17vaccine Lra:brt re is significiYV \ 

in b oi mo'dels , indicating- thatLLJJ fi~~rst chl on loi 

vacintio ' V t e moher, is likely/ to/beniefit most in terms of 
protectcive&j iMMUnity fromD tetanius,. S'everal different- In'ercVo 

II eec isid' vcinatio Status bDy birth year adby 

b - li odr-'b~ut'.nn rvd igru)ifi can 1 o ete the ,neonratal ' 

~'Y~'or 4-14- day* models , -and, were' thereore not included i'n the finwil f 
'~ ~. ' ' m od e l s : s hio w i ±1.n rab b'l ~, 33 .- ',' 

-

A-<Table 4 Preents th eLimal~ed ocd ratios and 95%4'confidence'­

- ,L4'intervals)o6f nieonatal -- and- 1,14 da motlt and tetnu 

- 6'!nation >s'tatus, basedI on L~the final m~ Luie logi-tic 

regress on mjodels shown in Tale1'&3After contromn-'ifor other, 

~covaria'te the' risk'" of n a "oa ''r4a" it to births whos e 

mnothers 'received two doses of' tetanus -acnto a 4-ecn 
lower ,tan Utle',unvacci nated, gr~oLI p-(.100 6 ~'0] Ter
 

re ucAton in neona' l moIrtalliLy- fo r the he~ "dosei group_ 1is': 

'/ 'i6 '' 
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comparable, aIthoughi it is eviden that con fidence intervals are 

much wider .harn those of the two d so5e g roupl,, indicaLin.ng that the 

estimate for the one dose group is 1ess reliable. Table 4 also 

shows that. the impact of I.terluis Loxoi d upon 4-14 day mortality,
 

is partjLti 1al y pronouiiced 
, with two doses and one dose 

associated w I h tia I ity reduct ions of| 68 percent and 60 

perceli t , respect vel. , 

Conclusions
 

The " i rid i ngs reported here, which inudicate that 

significanL redu c.Li s ini neontal.1 mortLality can be achieved
 

thirotugh teLanus iloilll izi Lioni progra li, 
 at'e largely consis teit
 

wiLi prev iols sLudi.s of tiii s isse in 
 rural Bangladesh and other 

silni ar deve lopiing seULL inrgs. A cleat :lssociation between tetanus
 

imulIu iizatiLion 
 aid lower lor La.I.i Ly was detiors Liated. While effects
 

wer'e evident, 
 for' lennaL al. o ImOtL i!ty as a whole, Lhe association 

was especially pololiun(d for' -1-l day mortal i ly, a period 

general Iy recogni zed as hav.ing the highest risk of tetanus death.
 

BotLh one dos
-e arid two doses of tetanus toxoid appear to
 

colrtri l Lu to reduce 
 IIIortal i ty risks, although the effect of tyn 

doses was IImo re highiy sLatisLically signi ficait.
 

Our firidings iridicat e thia 
 tLet anus immunization in Matlab has 

the potential to reduce neonatal mortality by about one-third. 

Whether the data presenLted here represent realistic estimates of 

gains in mnortality Iroli a tetart. itmuiization program in rural 
Bangladesh reImJiniis ar unresolved quesLion, particularly in light 
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of tHie kIitiow lI dge thlli . some wolIler in Outr St udy m1111y have a.so 

re i ve(d 1.('1.111111s Io)xoi(I as 11 pil /c'P1[)o ill 1111 even earl ie r vacc.ine 

t. IrItl I .110 . In Illy I v('Jn' L," " liriI IimlIgiIIII:h, IhnL.t' Ii. wh ileI) el-Aux,' 

immun~xiz.'nl~,, M um I'rp -rp Lsl, anl imp",U n'l. f-linLvr."Vp"LiOnl L.o ilmprlOvo' 

chl i I (I !-;III.%i,. ," I 'l t :- rop ;t "lily ""o " )1r e caslx ' o.11.n"ln""-N'~ om ' 

II( nl LO.:t I imri)rIa i I y, iuii1 tL11is a hhIJ",dpr inI-('I\('I t, I Ovl sti' t.egy wi I I 

be rrOiovl I s hlLs ,:1.11l1rOV-o ' iI oirs in noio na I aLn.d}!i"faziL 

mortal iy are Lo he achieved in setings such as rural. 
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---- ----------------------------------------------------------

---------------------------------------------------

-----------------------------------------------------------------

----- ----------------------------------------------------------

----------------------------------------------------------

Table 1. Birth year and Tetanus VaccillaLion Status of 
Births in the Analysis 

'leLaIIIus VnccinaLion SLatus 

Year of' Birth No Doses I Dose 2 Doses TotaL 

t974 881 .1 2 887 

1975 1307 126 201 1634 

197 6 1.930 188 459 2577 

1977 2221 173 398 2792 

t978 1,106 1100 261 1767 

1979 1055 81 215 1351 

1980 295 24 4 9 368 

1981 35 5 10 50 

1982 69 6 13 88 

1983+ 27 2 3 32 

Total: 
 9226 709 1611 11546
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---------------------------------------------------------------------

--------------------------------------------------------------------

Table 2. Neonatal MorLality by NoLher's 1974 Vaccination 
Status nd Birth Year of Infant 

Percent 
MortalityVacciliaLiou No. of No. of' Deaths/ Reduction:
 

SLaus births den IHis Vacc i n
1OO tLed vs. 
live birth Not Vaccinat.ed 

Group

All births 11546 
 758 66
 

2 doses 16.11 75 **46 34 

1 dose 709 32 4t5 * 36 

Not- vaccinat ed 9226 651 70 

1974-1976 births:
 

2 (loses 62 Z2 33 ** 50 

1 dose 318 11 35 * 47 

Not vaccinated 1.18 270 66 

1977+ births:
 

2 doses 949 53 56 : 25 

1 dose 
 391. 21. 
 54 NS 28
 

Not. vacc.i ted 5108 381 75 

::: P < 001 

* P<. 05 
N = Not, significant. 
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--------------------------------------------------------------------------

-- - - - ---------- -- - - - - - - - - - - - -- - - - - - - - - - - - -

-----------------------------------------------------------------------

Table 3. 4-14 Day Mortal ity by Mother's 1974 Va,.cinatiori 
S t - Lus i. L I oIand Lr etr I n fan t 

Pe rcen t 
Mortali ty 

Vaccination No. of No. of Deaths/ - Reduction: 
Status births deaths 1000 Vaccinated vs. 

live birth Not Vaccinated 
GrOup 

-

All births 11.546 312 

2 doses 161.1 17 10 ** 68 

dose 709 8 11 ** 65 

Not. vaccinat.ed 9226 287 31 

1974-1976 births: 

2 doses 662 3 5 ** 82 

1 dose 318 19 NS6 32
 

Not vaccinated .1.118 114 28
 

1977+ births:
 

2 doses 949 1-4 15 ** 56
 

1 dose 391 2 5 ** 85
 

Not vaccinated 5108 173 34
 

:1. P<. 01
 

* P< .05 
NS : Not significant. 
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Table 4.Estimates of the Final Multiple Lngistic Regressicoi
 

Models of Neonata.l 

Neon,(ai adortality 

Ef fects Regressiji a 
Coefficient S.E. 

Vaccination 
Status i~qj:
 

Not vaccinated RC 


2 doses -0,420" 0,126 


dose -0,42 00,186 


birth Year iBRil: 

1974-76 RC ­

i97+ -0.0002 0,089 

0 RC ­

1-4 -0,790** 0,103 

5+ 1),473,, 0,116 

Post-1971 Vaccine Trial 

Birth Order:-


SRC ­

0.408" 0,101 


a 
SE Standard Error,
 

b 
RC Pefi rence category
 

*$ p (,01 
* p <,05 

and 4-4 Day Mortality
 

4-1H day mortality
 

Regression a
 
Coefficient SE.
 

R ­

-1.146'* 0 269 

-0,913* 0.363 

RC ­

0.050 0.160
 

R­

-0,344 0,203
 

0,063 0.216
 

RC ­

0,455" 0.170
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--------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------

Table 5. Estimated Odds Ratio and Confidence Intervals for
 
Multiple Logistic Regression Models of the
 
Effects of Tetanus Vaccination Status on Neonatal
 
and 4 : Day Mortality
 

Nlecnatal Mortality 4-14 Day Mortality
 

Effects Odds Ratio 95% CI of 
 Odds Ratio 95% Cl of
 
Odds Ratio odds Ratio
 

Vaccination 

Status: 

a 
Not vaccinated RC RC 

2 doses 0.56 0.51-0.84 0.32 0,19-0,51 

I dose 0,5 0.45-0,94 0.40 0.20-0.82
 

a 
RC : Reference category
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