
estimates from the natural experiment may therefore still be
conservative.

The estimated effects of DTP andOPV are unlikely to have been influ-
enced by other vaccinations since very few had received other vaccines;
if the children whomay have received BCGwere censored in the analy-
sis the result was essentially the same (Supplementary Table 2).

The 3-monthly community examinations assured that we had fol-
low-up information for all children and relatively accurate information
on the time of death. Some children were excluded because a BHP
card could not be found and we did not know whether they had been
vaccinated or were travelling. Most likely, BHP cards may never have
been made because the child was not coming for examination, or the
card may have disappeared at community examinations, at the later
handling of BHP cards by field workers or data entry clerks, or due to
mice. However, the few missing cards are unlikely to have affected the
main analysis as the mortality rate in this group was similar to the gen-
eral mortality rate (Fig. 2).

To assure comparability of vaccinated and unvaccinated groups, also
with respect to travelling, we included only children who had been
weighed in Bandim in connection with the 3-monthly community ex-
aminations. This meant that children who mostly stayed outside the
area were not included in the analysis; these children had no access to
community vaccinations and they lived elsewhere where the mortality
risk might have been quite different, e.g. due to a higher risk of malaria
infection.

The present study was not a planned trial. The study would have
been a cleaner natural experiment if vaccinations had only been admin-
istered at the weighing sessions. However, the expatriate nurse did or-
ganize additional vaccinations and some ‘unvaccinated’ children had
therefore already received a vaccination before coming for a weighing
session. These ‘misclassifications’ do not explain the increasedmortality
in the DTP group. The estimate for DTP-vaccinated (±OPV) compared
with DTP-unvaccinated children was 4-fold higher mortality when we
included these additional landmarks in the analysis.

4.3. Comparison with Previous Studies of DTP and OPV

There is only one other study of the introduction of DTP. In rural
Guinea-Bissau, DTP (±OPV) was associated with 2-fold higher mortal-
ity (Aaby et al., 2004a). All studies that documented vaccination status
and followed children prospectively indicate that DTP has negative ef-
fects; a meta-analysis of the eight studies found 2-fold higher mortality
for DTP-vaccinated compared with DTP-unvaccinated, mostly BCG-vac-
cinated controls (Aaby et al., 2016) (Appendix A).

The negative effect of DTP was much worse in this natural experi-
ment than has been reported in previous studies of DTP. This is presum-
ably due to the “unvaccinated” control children in previous studies
having been a frail subgroup too frail to get vaccinated. Previous studies
have not been able to compare DTP-vaccinated children with “normal”
controls. Hence, most previous studies have probably underestimated
the negative effect of DTP.

The potentially differential effects of DTP and OPV have only been
examined in few studies. However, we have recently been able to doc-
ument marked beneficial NSEs of OPV. In an RCT, OPV at birth (OPV0)
reduced infant mortality by 32% (0–57%) before the children received
campaign-OPV (Lund et al., 2015). In Bissau campaign-OPV reduced

themortality rate by 19% (5–32%) (submitted). When DTP wasmissing
for several months in Bissau, we showed that the all-cause case-fatality
at the pediatric ward was 3-fold lower if the children had OPV-only as
their most recent vaccination rather than the recommended combina-
tion of DTP and OPV (Aaby et al., 2004b). Thus, OPVmay have modified
the negative effect of DTP.

This pattern was also seen when DTP was first introduced in the
rural areas of Guinea-Bissau in 1984 (Aaby et al., 2004a). OPV was not
used the first year and the HR for DTP versus unvaccinated was 5.00
(0.63–39.7). In the period from 1985 to 1987, when DTP and OPV
were nearly always administered together, the MRR was 1.90 (0.91–
3.97). In the present study, the hazard ratio was 10.0 (2.61–38.6) for
DTP-only but 3.52 (0.96–12.9) for children who received DTP and OPV
simultaneously (Table 3). Based on these two studies of the introduc-
tion of DTP, the HR compared with DTP-unvaccinated children was sig-
nificantly different for children who had received DTP-only (HR= 8.14
(2.63–15.2)) and for children who received both DTP and OPV (HR =
2.21 (1.16–4.19)) (test of interaction, p = 0.049). Hence, simultaneous
administration of DTP and OPV may have alleviated the negative non-
specific effect of DTP.

5. Conclusions

DTPwas associatedwith 5-fold highermortality than being unvacci-
nated. No prospective study has shown beneficial survival effects of
DTP. Unfortunately, DTP is the most widely used vaccine, and the pro-
portionwho receives DTP3 is used globally as an indicator of the perfor-
mance of national vaccination programs.

It should be of concern that the effect of routine vaccinations on all-
cause mortality was not tested in randomized trials. All currently avail-
able evidence suggests that DTP vaccine may kill more children from
other causes than it saves from diphtheria, tetanus or pertussis. Though
a vaccine protects children against the target disease it may simulta-
neously increase susceptibility to unrelated infections.

The recently published SAGE review called for randomized trials of
DTP (Higgins et al., 2014). However, at the same time the IVIR-AC com-
mittee to which SAGE delegated the follow-up studies of the NSEs of
vaccines has indicated that it will not be possible to examine the effect
of DTP in an unbiased way. If that decision by IVIR-AC remains unchal-
lenged, the present study may remain the closest we will ever come
to a RCT of the NSEs of DTP.
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Table 4
Mortality rates (deaths/100 person-years) between 3 and 11 months of age by study year.

Mortality rate 1980 1981 1982 1983
HR (95% CI) for 1982–1983 versus
1980

Children aged
3–11 months

4.7 (10/211.8)
(N = 547)

7.2 (18/250.8)
(N = 678)

8.0 (19/237.1)
(N = 632)

12.1 (30/247.5)
(N = 638)

2.12 (1.07–4.19)

Notes: Event recorded as accidents were not removed from this analysis.
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