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BCG 0.55 (0.36-0.85)

DTP 1.84 (1.10-3.10)
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1st visit 2nd visit

Vaccine status 
assessed by 

vaccination cards 

6 months

Mortality during 
the 6 months 

assessed

Analysis: Vaccine status at 1st visit and subsequent mortality
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Brief DTP non-specific effect history

WHO audit
Denmark & Guinea-Bissau

2005

TMIH hypotheses

20012000

BMJ 2000
DTP negative

SAGE review

Advisory Group
Danish National Research 

Foundation
“survival bias”

2013-14

GACVS/WHO
Commissioned 

studies
DTP positive

TMIH 
2007

2015
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Survival bias
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Vaccine status 
assessed by 

vaccination cards 

1st visit

Mortality and 
vaccines during 
the 6 months 

assessed

2nd visit

Died

Vaccinated

Vaccinated

card seen

card NOT seen
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1st visit

card seen

2nd visit

Died

Vaccinated

Vaccinated card NOT seen

card seen

Died

Vaccinated

card NOT seen

Reality - but hidden from us

Observed

RISK FREE TIME as vaccinated
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Retrospective updating approach (RUA)

Died

Landmark approach

UN-VACCINATED

UN-VACCINATED

card seen

Died card NOT seen

UN-VACCINATED

UN-VACCINATED VACCINATED

Landmark ignores vaccines during follow-up

RUA:
a) Moves “risk free” time to the vaccinated
b) Leaves the death in the un-vaccinated



Landmark vs. retrospective updating
BMJ 2000 data

Landmark
BMJ 2000

Rate (deaths/pyrs)

Retrospective
Updating

Rate (deaths/pyrs)

Total 92 (222/2409) 92 (222/2409)

Totally unvaccinated 109   (95/875) 183   (92/503)

Any vaccine 83 (127/1534) 68 (130/1906)

Mortality Rate Ratio 1.35 (0.97-1.89) 2.96 (2.15-4.08)

Rate per 1000 person years of observation (pyrs)
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RUA:
a) Moves “risk free” time to the vaccinated
b) Leaves the death in the un-vaccinated



Landmark
BMJ 2000

Retrospective
updating

DTP1 vs no DTP 1.84 (1.10-3.10) 0.68 (0.44-1.04)

DTP2 vs no DTP
1.39 (0.73-2.61)

0.26 (0.15-0.47)

DTP3 vs no DTP 0.16 (0.08-0.32)

Two and three doses of DTP were combined in BMJ2000
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Landmark vs retrospective updating
BMJ 2000 data

Direction of biases
• RUA bias towards “zero”
• Landmark bias towards “null”



Brief DTP non-specific effect history

WHO audit
Denmark & Guinea-Bissau
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20012000

BMJ 2000
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Hypotheses formulated in 2005
(TMIH-hypotheses)

Hypothesis 1

DTP-vaccinated girls have higher 
mortality than DTP-unvaccinated girls

Hypothesis 2

DTP-vaccinated girls have higher 
mortality than DTP-vaccinated boys
(F/M-ratio > 1) The hypotheses 1+2 were formulated to hold as long as 

a) DTP not given with other vaccines (than OPV)
b) DTP (+OPV) is the latest vaccine givenHypothesis 3

Children having MCV given with DTP 
have higher mortality than MCV alone

The hypothesis 3 was formulated to hold as long as 
a) MCV is the latest vaccine given
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SAGE review 2014

16 estimates
6 “very high risk of bias” – not used for testing hypothesis 1
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SAGE Review – DTP overall 

1.38 (0.92-
2.08)

NOTE: Weights are from random effects analysis

Overall

Guinea-Bissau E

Guinea-Bissau D

India A

Malawi

Country

Papua New Guinea

Senegal D

Bangladesh A

Burkina Faso

Guinea-Bissau A

Benin

1.38 (0.92-2.08)

1.92 (1.04-3.52)

1.74 (1.10-2.75)

1.64 (0.87-3.07)

3.19 (0.80-12.79)

MRR (95% CI)

0.48 (0.22-1.09)

1.37 (0.54-3.47)

0.52 (0.31-0.87)

1.00 (0.60-1.67)

4.33 (1.54-12.19)

2.20 (0.93-5.22)

1.38 (0.92-2.08)

1.92 (1.04-3.52)

1.74 (1.10-2.75)

1.64 (0.87-3.07)

3.19 (0.80-12.79)

MRR (95% CI)

0.48 (0.22-1.09)

1.37 (0.54-3.47)

0.52 (0.31-0.87)

1.00 (0.60-1.67)

4.33 (1.54-12.19)

2.20 (0.93-5.22)

Vaccine beneficial  Vaccine harmful 
1.2 .5 1 2 5 10
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Survival Bias indicator
Totally unvaccinated

Any vaccine
> 2
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PNG
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Bias indicator (MRR of totally unvaccinated vs any vaccine)



DTP and all-cause mortality

From SAGE review Bias indicator <2 

NOTE: Weights are from random effects analysis

Overall

Guinea-Bissau E

Guinea-Bissau D

India A

Malawi

Country

Papua New Guinea

Senegal D

Bangladesh A

Burkina Faso

Guinea-Bissau A

Benin

1.38 (0.92-2.08)

1.92 (1.04-3.52)

1.74 (1.10-2.75)

1.64 (0.87-3.07)

3.19 (0.80-12.79)

MRR (95% CI)

0.48 (0.22-1.09)

1.37 (0.54-3.47)

0.52 (0.31-0.87)

1.00 (0.60-1.67)

4.33 (1.54-12.19)

2.20 (0.93-5.22)

1.38 (0.92-2.08)

1.92 (1.04-3.52)

1.74 (1.10-2.75)

1.64 (0.87-3.07)

3.19 (0.80-12.79)

MRR (95% CI)

0.48 (0.22-1.09)

1.37 (0.54-3.47)

0.52 (0.31-0.87)

1.00 (0.60-1.67)

4.33 (1.54-12.19)

2.20 (0.93-5.22)

Vaccine beneficial  Vaccine harmful 
1.2 .5 1 2 5 10

NOTE: Weights are from random effects analysis

Overall

Guinea-Bissau A

Malawi

Guinea-Bissau E

Guinea-Bissau D

Senegal D

Benin

India A

Country

1.91 (1.46-2.50)

4.33 (1.54-12.19)

3.19 (0.80-12.79)

1.92 (1.04-3.52)

1.74 (1.10-2.75)

1.37 (0.54-3.47)

2.20 (0.93-5.22)

1.64 (0.87-3.07)

MRR (95% CI)

1.91 (1.46-2.50)

4.33 (1.54-12.19)

3.19 (0.80-12.79)

1.92 (1.04-3.52)

1.74 (1.10-2.75)

1.37 (0.54-3.47)

2.20 (0.93-5.22)

1.64 (0.87-3.07)

MRR (95% CI)

Vaccine beneficial  Vaccine harmful 
1.2 .5 1 2 5 10
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Hypothesis 1:
DTP-unvaccinated girls vs DTP-vaccinated girls

From SAGE review Bias indicator <2 

Boys 1.20 (0.89-1.61) Boys 1.38 (0.95-2.02)
NOTE: Weights are from random effects analysis

Overall

Malawi

India A

Guinea-Bissau E

Bangladesh A

Guinea-Bissau A

Senegal D

Guinea-Bissau D

Country

Papua New Guinea

Burkina Faso

1.66 (0.86-3.21)

5.44 (0.88-33.70)

2.52 (1.04-6.09)

2.34 (1.04-5.27)

0.36 (0.18-0.72)

7.18 (1.53-33.70)

3.55 (0.92-17.57)

2.31 (1.16-4.59)

MRR (95% CI)

0.50 (0.13-2.01)

0.81 (0.39-1.66)

1.66 (0.86-3.21)

5.44 (0.88-33.70)

2.52 (1.04-6.09)

2.34 (1.04-5.27)

0.36 (0.18-0.72)

7.18 (1.53-33.70)

3.55 (0.92-17.57)

2.31 (1.16-4.59)

MRR (95% CI)

0.50 (0.13-2.01)

0.81 (0.39-1.66)

Vaccine beneficial                             Vaccine harmful 
1.5 1 2 5 10

NOTE: Weights are from random effects analysis

Overall

Country

Malawi

India A

Senegal D

Guinea-Bissau E

Guinea-Bissau A

Guinea-Bissau D

2.75 (1.83-4.12)

MRR (95% CI)

5.44 (0.88-33.70)

2.52 (1.04-6.09)

3.55 (0.92-17.57)

2.34 (1.04-5.27)

7.18 (1.53-33.70)

2.31 (1.16-4.59)

2.75 (1.83-4.12)

MRR (95% CI)

5.44 (0.88-33.70)

2.52 (1.04-6.09)

3.55 (0.92-17.57)

2.34 (1.04-5.27)

7.18 (1.53-33.70)

2.31 (1.16-4.59)

Vaccine beneficial                             Vaccine harmful 
1.5 1 2 5 10
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Hypothesis 1 – before and after 2005 hypotheses

Overall

After Hypotheses

Guinea-Bissau D

India A

Subtotal

Guinea-Bissau E

Country

Subtotal

Malawi

Guinea-Bissau A

Before Hypotheses

Senegal D

2.75 (1.83-4.12)

2.31 (1.16-4.59)

2.52 (1.04-6.09)

2.32 (1.37-3.92)

2.34 (1.04-5.27)

MRR (95% CI)

3.53 (1.86-6.67)

5.44 (0.88-33.70)

7.18 (1.53-33.70)

3.55 (0.92-17.57)

2.75 (1.83-4.12)

2.31 (1.16-4.59)

2.52 (1.04-6.09)

2.32 (1.37-3.92)

2.34 (1.04-5.27)

MRR (95% CI)

3.53 (1.86-6.67)

5.44 (0.88-33.70)

7.18 (1.53-33.70)

3.55 (0.92-17.57)

Vaccine beneficial                             Vaccine harmful 
1.5 1 2 5 10
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SAGE: Contrasting meta estimates

BCG

DTP

MCV

Vaccine

Live

Inactivated

Live

Type

0.53 (0.40-0.72)

1.38 (0.92-2.08)

0.54 (0.45-0.65)

MRR (95% CI)

0.53 (0.40-0.72)

1.38 (0.92-2.08)

0.54 (0.45-0.65)

MRR (95% CI)

Vaccine beneficial                  Vaccine harmful 
1.4 .5 1 2 3
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Contrasting vaccine effects within same study

0.55 (0.34-0.89)
4.33 (1.54-12.2)

NA

0.45 (0.16-1.23)
3.19 (0.80-12.8)
0.42 (0.16-1.14)

NA
2.39 (0.82-6.99)
0.51 (0.29-0.97)

0.68 (0.38-1.23)
2.20 (0.93-5.22)
0.36 (0.16-0.81)

0.63 (0.30-1.33)
1.92 (1.04-3.52)

NA

0.56 (0.37-0.84)
1.74 (1.10-2.75)
0.48 (0.27-0.87)

0.44 (0.29-0.66)
1.64 (0.87-3.07)

NA

0.11 (0.02-0.69)
1.58 (0.36-7.02)
0.44 (0.20-1.00)

0.98 (0.50-1.90)
1.37 (0.54-3.47)
0.55 (0.31-0.98)

0.60 (0.18-1.97)
1.11 (0.30-4.12)
0.31 (0.12-0.80)

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

MV
DTP
BCG

Guinea-Bissau A 

Malawi 

Ghana A 

Benin 

Guinea-Bissau E 

Guinea-Bissau D 

India A 

Guinea-Bissau P 

Senegal D 

India E 

.1 .2 .3 .5 1 2 3 5 10
Vaccine beneficial                          Vaccine harmful

BCG DTP MV
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Hypothesis 2: DTP-girls vs DTP-boys (F/M-ratio)

Overall

Guinea-Bissau A

Malawi

Guinea-Bissau P

Guinea-Bissau 2007-10

Guinea-Bissau-Senegal

Guinea-Bissau 1999-96

India G

Guinea-Bissau D

Senegal D

India A

Senegal 1989-97

India E

Guinea-Bissau 2002-4

Guinea-Bissau E

Ghana A

Bangladesh

Country

1.50 (1.21-1.85)

1.44 (0.57-3.61)

1.36 (0.52-3.58)

3.08 (1.11-8.56)

2.57 (0.81-8.19)

7.33 (2.20-38.30)

1.63 (1.03-2.59)

1.65 (1.17-2.32)

0.86 (0.53-1.41)

7.65 (1.66-35.30)

1.39 (0.74-2.63)

1.42 (0.92-2.18)

1.82 (0.70-4.68)

0.73 (0.35-1.52)

1.29 (0.72-2.31)

1.09 (0.51-2.31)

2.08 (0.76-5.73)

F/M MRR (95% CI)

1.50 (1.21-1.85)

1.44 (0.57-3.61)

1.36 (0.52-3.58)

3.08 (1.11-8.56)

2.57 (0.81-8.19)

7.33 (2.20-38.30)

1.63 (1.03-2.59)

1.65 (1.17-2.32)

0.86 (0.53-1.41)

7.65 (1.66-35.30)

1.39 (0.74-2.63)

1.42 (0.92-2.18)

1.82 (0.70-4.68)

0.73 (0.35-1.52)

1.29 (0.72-2.31)

1.09 (0.51-2.31)

2.08 (0.76-5.73)

F/M MRR (95% CI)

Females lower  Females higher 

1.3 .5 1 2 5 10Before 1.66 (0.98-2.79)
After    1.49 (1.20-1.84)

All are DTP-vaccinated
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Hypothesis 3: DTP+MCV vs DTP<MCV (SAGE)

DTP+MCV vs DTP<MCV

Guinea-Bissau Q

Guinea-Bissau G

India E

Malawi

Senegal D

Subtotal

DTP>MCV vs DTP<MCV

Guinea-Bissau Q

India E

Senegal D

Subtotal

Country

1.95 (1.12-3.42)

3.35 (1.25-9.01)

4.77 (0.33-70.18)

5.27 (1.11-25.00)

1.96 (0.95-4.04)

2.30 (1.56-3.38)

1.52 (0.71-3.21)

15.89 (2.12-118.99)

2.40 (1.00-5.75)

2.17 (1.25-3.76)

MRR (95% CI)

1.95 (1.12-3.42)

3.35 (1.25-9.01)

4.77 (0.33-70.18)

5.27 (1.11-25.00)

1.96 (0.95-4.04)

2.30 (1.56-3.38)

1.52 (0.71-3.21)

15.89 (2.12-118.99)

2.40 (1.00-5.75)

2.17 (1.25-3.76)

MRR (95% CI)

  
1.5 1 2 5 20
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Sequence of DTP and MCV seems important



IRR=0.86

(0.84-0.88)
Penta2 before 11 

months of age
Penta3

(124/1000)

MMR
(90/1000)

MMR
(98/1000)

Penta3
(126/1000)

IRR=1.62 

(1.28-2.05)

IRR=0.87 

(0.80-0.95)

23

Sequence of live and inactivated seems important

Penta: DTaP-IPV-Hib2



Summary

• RCTs for BCG, OPV, and MV – but not for DTP

• Contrasting results for live and inactivated

• Sequence of live and inactivated seems important

• Sex is important

• Bias? Need directionality (like for survival bias)

• Which studies are necessary to provide sufficient 
evidence that DTP is beneficial or harmful?
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Bandim Health Project and 
Research Center for Vitamins and 
Vaccines (CVIVA)
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Age (months)

S
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a
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ty

6 12 18 24 30 36 42 48 54 60

EZ M

EZ F

Con M

Con F

0

0.80

0.85

0.90

0.95

1.00

HTMV protected measles infection but 2-fold higher female mortality 
All African studies 33% excess mortality from 4 mo to 5 years

HTMV proved NSEs are very important
[Solution to this enigma: ?]

Same effect in 
Haiti and Sudan
WHO withdrew
HTMV 1992

High-titre Measles Vaccine (HTMV) at 4-5 mo, 1986-92

Age (months)

S
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4 6 12 18 24 30 36 42 48 54

EZ M

EZ F

Control M

Control F

0

0.6

0.7

0.8

0.9

1.0

J Pediatr 1993 and Bull WHO 1994

Bissau Senegal

Intervention: EZ MV + IPV at 9 mo
Control: IPV + standard MV at 9-10 mo



Resolution of contradiction-I: DTP/IPV after HTMV?
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No DTP after HTMV DTP/IPV after HTMV

F/M ratio: 0.96 (0.7-1.3) F/M ratio: 1.93 (1.3-2.8)

HTMV withdrawn for the wrong reason
The real problem was sequence of vaccinations 
MV after DTP3 as most recent vaccine – has low mortality 
DTP after MV as most recent vaccine – has high mortality

Lancet 2003



Introduction of DTP 
Rural areas of Guinea-Bissau 1984-87

Follow-up (months)

Su
rv

iv
al

 p
ro

b
ab

ili
ty

0 1 2 3 4 5 6

0.90

0.92

0.94

0.96

0.98

1.00

DTP –

DTP +

DTP+ / DTP- 1.98 (1.03-3.8)
Females 2.34 (1.04-5.27)

(N=868)

(N=967)

Children 
aged 2-8 mo

Unvaccinated: 
travelling; sick; 
days without 
vaccines

The only study of the introduction of DTP in the global literature

Aaby et al, Int J Epidemiol 2004



DTP and all-cause mortality: 
differences between effects in boys 
and girls
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From SAGE review Bias indicator <2 

NOTE: Weights are from random effects analysis

Overall

Papua New Guinea

Guinea-Bissau E

Guinea-Bissau P

Guinea-Bissau A

India A

Malawi

Country

Phillipines

Guinea-Bissau D

India G

Burkina Faso

Senegal D

Bangladesh A

0.71 (0.45-1.13)

1.52 (0.30-7.81)

0.67 (0.21-2.09)

0.31 (0.02-5.93)

0.35 (0.04-2.78)

0.41 (0.11-1.51)

0.38 (0.03-4.17)

MMRs (95% CI)

0.89 (0.13-6.09)

0.63 (0.26-1.55)

0.59 (0.30-1.19)

1.59 (0.56-4.50)

0.06 (0.01-0.50)

2.33 (0.81-6.69)

Ratio of

0.71 (0.45-1.13)

1.52 (0.30-7.81)

0.67 (0.21-2.09)

0.31 (0.02-5.93)

0.35 (0.04-2.78)

0.41 (0.11-1.51)

0.38 (0.03-4.17)

MMRs (95% CI)

0.89 (0.13-6.09)

0.63 (0.26-1.55)

0.59 (0.30-1.19)

1.59 (0.56-4.50)

0.06 (0.01-0.50)

2.33 (0.81-6.69)

Ratio of

Boys benefit more                                 Girls benefit more 
1.2 .5 1 2 5 10

NOTE: Weights are from random effects analysis

Overall

Guinea-Bissau D

Country

Malawi

India A

Guinea-Bissau A

Guinea-Bissau E

Senegal D

0.45 (0.26-0.80)

0.63 (0.26-1.55)

MMRs (95% CI)

0.38 (0.03-4.17)

0.41 (0.11-1.51)

0.35 (0.04-2.78)

Ratio of

0.67 (0.21-2.09)

0.06 (0.01-0.50)

0.45 (0.26-0.80)

0.63 (0.26-1.55)

MMRs (95% CI)

0.38 (0.03-4.17)

0.41 (0.11-1.51)

0.35 (0.04-2.78)

Ratio of

0.67 (0.21-2.09)

0.06 (0.01-0.50)

Boys benefit more                                 Girls benefit more 
1.2 .5 1 2 5 10
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RUA bias
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Landmark bias
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