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Introduction 
 

During the 1980s and 1990s, several studies suggested that Measles Vaccine (MV) had effects on mortality which could not be explained by 
prevention of measles infection. Standard-Titre-Measles-Vaccine (STMV) reduced mortality much more than expected; e.g. after the introduction 
of MV the general mortality level in the affected age group declined more than 50% [1, 2]. Several studies indicated that these beneficial Non-
Specific Effects (NSEs) were more pronounced for females than males [3, 4].  

Abstract 
 

Background: In low-income settings, WHO recommended a booster-dose of DTP (DTP4) and OPV (OPV4) at 18 months of age. Previous studies 
found DTP after MV to be associated with higher female mortality. We conducted a randomised trial (RCTs) in Guinea-Bissau, in which children 
from 18 months of age were randomised to receive DTP4+OPV4 vs OPV4-only to assess the impact on survival and hospitalisations, overall and 
by sex.  
 
Methods: The trial was conducted from 2005-2012. Children were randomised and followed from 18 months to 4 years of age. Hospitalisations 
were captured through a surveillance system at the main paediatric ward, and deaths were detected through a demographic surveillance system 
in the study area and through yearly home visits to the study participants. Data was analysed in Cox proportional hazards models with age as 
underlying time scale. The RCT aimed to enroll 6,000 children based on an expected annual mortality rate of 3%. During the trial period many 
interventions, including many national health campaigns, were carried out.  
 
Results: The trial enrolled 5,960 children of which 95% (5,674) were included in the analysis. Annual non-accidental mortality rate was 0.55%, 
82% lower than the expected rate. There was no difference in mortality between the randomisation groups. With 30 and 35 deaths, the hazard 
ratio (HR) for DTP4+OPV4 vs OPV4-only was 0.84 (95% CI=0.52-1.37); 0.86 (0.42-1.76) in males and 0.82 (0.42-1.60) in females. The HR for 
hospitalisations was 0.91 (0.77-1.07); 0.87 (0.70-1.09) in males; 0.96 (0.75-1.22) in females).  
 
Conclusion: The study found no negative effect of DTP4 and no sex-differential effect of DTP4, but it was strongly underpowered. Furthermore, 
due to the large number of health interventions, not envisioned at the initiation of the trial, a limited part of the follow-up was a comparison 
between DTP4+OPV4 vs OPV4 as the most recent vaccinations.  
 
Keywords: Randomised trial, Booster Diphtheria-Tetanus-Pertussis, Hospitalisation, Child mortality, Oral polio vaccine 
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On the other hand, High-Titre-Measles-Vaccine (HTMV) was protective against measles infection, but surprisingly, it was associated with higher 
female mortality, when tested against STMV [5, 6]. Hence, NSEs could be beneficial or deleterious and they were often sex-differential. With 9 
months being the WHO-recommended age of MV, children could not be randomised to not receive MV at that age. The first RCT of STMV to 
explore the NSEs was therefore designed as a two-dose trial, in which the children received STMV or Inactivated Polio Vaccine (IPV) at 6 months 
of age and then all children received the recommended dose of MV at 9 months age. There was no beneficial effect of early STMV [7, 8]. Post hoc 
analyses revealed that many children had not received all three recommended doses of DTP before being enrolled in the MV trial and therefore 
received DTP with or after the first dose of MV [8]. Among such children, there was a negative effect of receiving DTP after MV, which was 
strongest for females. This surprising observation provided a resolution to the enigma of why the HTMV was associated with higher female 
mortality: HTMV had been given so early at 4 months - 5 months of age that most children had not received all doses of DTP and therefore 
received DTP after HTMV [5]. Reanalysis of the original RCTs confirmed that if DTP was not administered after HTMV, HTMV did not have a 
negative effect. Hence, DTP after MV could have negative NSEs, particularly for females.   
 

Subsequent studies supported a negative effect of receiving DTP after MV and other studies revealed that also DTP with MV could be less 
beneficial than MV alone (Supplementary Table 1) [9-14]. As a result, a randomised trial was designed to test the optimal policy for children, 
who were coming to the health center to receive either DTP with MV or DTP after MV. Children due to receive MV were randomised to receive 
DTP+OPV or OPV with MV (arms 1+3, Supplementary Figure 1). Not many children were missing both MV and DTP and this part of the trial 
was stopped and reported in 2011 [15].  
 
Children, who had already received MV, were randomised to DTP+OPV or OPV (arms 2+4, Supplementary Figure 1). These children were 
almost exclusively children who had received the primary series of 3 DTP vaccines in infancy and came to receive the DTP-booster (DTP4) 
vaccine at 18 months of age (arm 4, Supplementary Figure 1). In the present paper, we present the results of this part of the trial. 

Materials and methods 

Trial design 
 

The trial was a community-based RCT randomising children at individual level to receive DTP4 (DTP-booster) with OPV4 vs OPV4-only between 
18 months and 4 years of age. The children had already received the primary series of DTP recommended at 6, 10 and 14 weeks of age and the 
MV recommended at 9 months of age.  
 
The main objectives were to assess whether not providing DTP4 would be associated with lower child mortality and less severe morbidity 
(hospitalisations) in a low-income country with a high pressure of infections and whether there were sex-differences in these outcomes. 
 

 

Participants  
 

The RCT was initiated in October 2005 at the Bandim Health Project (BHP) in Guinea-Bissau (www.bandim.org), a Health and Demographic 
Surveillance System (HDSS) site, which covers six districts with approx. 100,000 inhabitants of the capital Bissau. Within this area, 3,500 
children were born each year. BHP assistants visit all 6,000 houses monthly to register new pregnancies and new births. Once a birth is detected, 
a form is filled in and major background socio-economic risk factors (maternal education, electricity in the household, number of children etc.) 
are registered. Around 60-70% of children were delivered at two maternities, and these births were registered daily. Vaccinations are provided 
and registered at three health centers in the study area. 
 
Every three months, field assistants visit all children under three years of age and data are collected on breastfeeding, hospitalisations, Mid-
Upper-Arm-Circumference (MUAC), vaccinations, infections, movements, and survival. Children were eligible for inclusion into the trial if they 
were 18 months old, had no overt illness, and had received the three primary doses of DTP vaccine and MV.  
 
The enrolment team consisted of a study physician, nurses, and field workers. The team worked at the three health centers in the study area on 
different weekdays. Mothers of eligible children were invited to come to the health center to take part in a trial. Here, the mothers received an 
oral explanation in Portuguese Creole and a written explanation in Portuguese from the physician. Participation was voluntary. 
Mothers/guardians were asked to provide oral and written consent. The physician performed a medical examination of whether the child was 
healthy enough to be included in a trial. 
 

Randomization and masking  
 
Eligible participants were randomised 1:1 to receive DTP4+OPV4 (standard of care at the initiation of the trial) or OPV4. The randomisation lots 
were prepared by the trial supervisor. They were stratified by sex and organised in blocks of 12. The randomisation lots were kept in envelopes, 
and the mother or guardian were asked to draw an envelope with an allocation lot from a bag.  
 
No control vaccine or placebo was used. Both groups received vaccines. The allocation was not blinded as vaccines were registered on the child’s 
vaccination card, and it was indicated to health care staff not to give a missing DTP4 vaccination. 
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Intervention 
 

The DTP vaccine used in Guinea-Bissau was diphtheria-tetanus-whole-cell-pertussis from the Serum Institute of India from October 2005 to 
November 2007, and from Bio Pharma in Indonesia from November 2007 to end of trial. In September 2008, Guinea-Bissau started using 
pentavalent vaccine rather than DTP vaccine. At the same time, the policy of providing a booster dose was officially discontinued. The present 
trial continued the randomisation to DTP4+OPV4 vs OPV4-only, as per the approved protocol.   
 

Main outcomes 
 

The outcomes were all-cause non-accidental mortality and hospitalisation, as well as sex-difference in these outcomes. 

 

Follow-up and assessment of outcomes  
 

The children were followed from the date of inclusion to date of death, migration or 4 years of age, whichever came first. The trial team visited 
the children yearly after enrolment and finally when the children reached 4 years of age. The children taking part in the trial were also followed 
by the HDSS every 3 months.   
 
Hospitalisation outcomes were followed through the BHP surveillance system at the paediatric ward of the nearby national hospital Simao 
Mendes, where most hospitalisations took place. Major diagnostic categories are registered for all hospital-admissions. Information on BHP trial 
numbers and ID were used to link the trial children to the hospital records. Additional fuzzy merge was performed using personal information 
(address, date of birth, name, mother’s name and sex) for hospital records with missing trial number or ID. Deaths were detected both through 
the HDSS and through the surveillance at the paediatric ward. When a death was detected, a Guinean physician conducted a verbal autopsy with 
relatives. 
 

Sample size  
 

With an expected 3% annual mortality rate and a 7% annual hospitalisation rate in the relevant age group, and with an expected total of 7,500 
person-years of follow-up, we would be able to document a 35% reduction in mortality and a 23% reduction in hospitalisations.  
 

Other interventions and interactions 
 

As the number of routine vaccinations and national health campaigns vaccinations increased through the 1990s and the 2000s, it has become 
increasingly clear that there are numerous interactions between different health interventions, such as vaccines and micronutrient 
supplementation, which are usually not taken into consideration in planning a vaccination programme. For example, the sequence of 
vaccinations, the time difference between non-live and live vaccines, and booster exposure to the same vaccines all had impact on the mortality 
levels. In addition, most vaccines have sex-differential NSEs [16].  
 
Since children were enrolled at 18 months of age, there were numerous possibilities for interactions with (a) national health intervention 
campaigns before enrolment; (b) participation in previous RCTs; and (c) national health campaigns after enrolment in the trial.   
 

Statistical analysis 
 

All children with follow-up and who received the per-protocol intervention were included in all analyses. Background factors are presented as 
percentages for categorical variables, while continuous variables are presented as mean with standard deviation by randomisation group. 
Assessment of differences in proportion among the randomisation groups were carried out using chi-squared or Fisher’s exact test. Distributions 
of continuous variables were compared using the Kruskal-Wallis rank-sum test. Deaths and observation time are presented with Hazard Ratios 
(HR) and Wald 95% confidence intervals (95% CI) estimated from a Cox proportional hazards model, with age as underlying time scale and with 
stratification by sex. Hospitalisations were analysed in recurrent-event Andersen-Gill Cox proportional hazards model including a 14-day grace 
period from date of discharge from the hospital. Age was inherently adjusted for in all Cox models. The proportional hazards assumption was 
assessed graphically and tested using Schoenfeld residuals. 
 
According to the protocol adjustment for backgrounds factors should only be done for factors that changed the main results by 10%. None of 
the background factors fulfilled that criterion (data not shown). No imputation for missing data was done and no correction for multiple testing 
was applied.  
 

Ethical considerations 

The study was explained to mothers/guardians of potential participants: “Though DTP is highly protective against whooping cough, it can 
occasionally give adverse reactions or limit the effect of measles vaccine. Your child has already received three doses of DTP. We would like to 
examine whether it is better to give just three doses of DTP or whether we should continue to give four doses. Thus, some children will receive 
DTP and OPV as is current practice and others will receive only OPV.” There was no patient or public involvement in the design, conduct and 
reporting of the trial. The children taking part in the study as well as those who refused to participate would benefit from additional follow up 
and free consultations.  

 

The National Ethical Committee in Guinea-Bissau approved the protocol, and the Danish Central Ethical Committee gave consultative approval. 
The trial was registered on October 25th 2005 at clinicaltrials.gov: https://clinicaltrials.gov/study/NCT00244673. RETRACTED
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Results  

Between October 2005 and October 2009, 5,960 children were enrolled in the DTP after MV part of the trial (arms 2 and 4, Supplementary 
Figure 1). Of the 114 children in arm 2 who did not receive the booster vaccination, 42 had received DTP+OPV and three died, whereas 72 
received only OPV and three died. Of the 5,846 enrolled in the booster part of the trial (arm 4, Supplementary Figure 1) 82 were excluded due 
various errors, e.g. missing ID, duplicate entry, being less than 17 months of age, and not having received MV (Figure 1). Additionally, 90 children 
had no follow-up after enrolment. The analyses therefore included 5,674 children (OPV4+DTP4=2,864, OPV4=2,810).  

 
The two randomisation groups were generally well balanced with respect to most background factors. However, the OPV4-only group tended 
to have had more hospitalisations prior to the enrolment and they had lower weight and height (Table 1). 

 

 

 Figure 1: Trial flowchart. 

 

  All Males Females 

  

DTP booster 
+OPV OPV only 

DTP 
booster+OPV OPV only 

DTP 
booster+OPV OPV only 

% (n) [n 
missing] 

% (n) [n 
missing] 

% (n) [n 
missing] % (n) [n missing] 

% (n) [n 
missing] 

% (n) [n 
missing]  

Number of children 2,864 2,810 1,433 1,403 1,431 1,407 
 

Demographic factors 
 

Male sex  50 (1433) [0] 50 (1403) [0] N/A N/A N/A N/A 
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Inclusion health center 
 

Bandim 41 (1179) [0] 42 (1168) [0] 42 (609) [0] 42 (587) [0] 40 (570) [0] 41 (581) [0] 
 

Belem 18 (520) [0] 17 (490) [0] 19 (270) [0] 17 (239) [0] 17 (250) [0] 18 (251) [0] 
 

Cuntum 41 (1165) [0] 41 (1152) [0] 39 (554) [0] 41 (577) [0] 43 (611) [0] 41 (575) [0] 
 

Inclusion time 
 

Enrolled in the morning 24 (688) [0] 23 (658) [0] 24 (342) [0] 23 (318) [0] 24 (346) [0] 24 (340) [0] 
 

Enrolled in the 
afternoon  76 (2176) [0] 77 (2152) [0] 76 (1091) [0] 77 (1085) [0] 76 (1085) [0] 76 (1067) [0] 

 

During the rainy season 
(June-Nov) 48 (1373) [0] 48 (1359) [0] 48 (682) [0] 48 (667) [0] 48 (691) [0] 49 (692) [0] 

 

Ethnicity  
 

Pepel 30 (861) [14] 31 (861) [9] 30 (426) [9] 30 (420) [6] 30 (435) [5] 31 (441) [3] 
 

Other 69 (1989) [14] 69 (1940) [9] 70 (998) [9] 70 (977) [6] 69 (991) [5] 68 (963) [3] 
 

Risk factors 
 

Not breastfeeding  62 (1769) [53] 62 (1752) [44] 61 (867) [22] 62 (872) [28] 63 (902) [31] 63 (880) [16] 
 

Previously hospitalized  11 (329) [30] 13 (369) [33] 12 (176) [15] 15 (206) [17] 11 (153) [15] 12 (163) [16] 
 

Twin 3 (96) [1] 4 (103) [0] 3 (43) [1] 4 (55) [0] 4 (53) [0] 3 (48) [0] 
 

Mother has died 0 (3) [2] 0 (3) [1] 0 (1) [1] 0 (3) [1] 0 (2) [1] 0 (0) [0] 
 

Received medicine on 
the day of inclusion 8 (230) [16] 7 (204) [11] 9 (128) [6] 7 (100) [8] 7 (102) [10] 7 (104) [3] 

 

Symptoms on the day of inclusion 
 

Cough 17 (494) [5] 18 (519) [5] 18 (264) [3] 19 (264) [3] 16 (230) [2] 18 (255) [2] 
 

Vomit 0 (9) [3] 1 (19) [4] 0 (3) [2] # 1 (11) [3] # 0 (6) [1] 1 (8) [1] 
 

Diarrhoea 7 (204) [3] 7 (195) [4] 8 (119) [2] 8 (117) [4] 6 (85) [1] 6 (78) [0] 
 

Respiratory count >40 
cpm 5 (148) [1181] 5 (153) [1140] 6 (86) [597] 6 (82) [573] 4 (62) [584] 5 (71) [567] 

 

Temperature >37 C 2 (49) [2] 2 (48) [1] 2 (27) [1] 2 (25) [0] 2 (22) [1] 2 (23) [1] 
 

Continuous background factors 
 

Inclusion age in 
months, mean (sd) 20.0 (3.3) [0] 19.8 (3.1) [0] 19.9 (3.2) [0] 19.8 (3.1) [0] 20.0 (3.3) [0] 19.8 (3.2) [0] 

 

Mother’s MUAC in mm, 
mean (sd) 

275.7 (37.5) 
[443] 

274.6 (37.9) 
[409] 

276.6 (37.9) 
[208] 274.2 (36.3) [213] 

274.8 (37.1) 
[235] 

274.9 (39.4) 
[196] 

 

Child weight in kg, 
mean (sd) 10.4 (1.4) [1] # 10.3 (1.4) [2] # 10.6 (1.4) [0] 10.5 (1.4) [0] 10.1 (1.4) [1] # 10.0 (1.3) [2] # 

 

Child height in cm, 
mean (sd) 81.3 (4.1) [8] # 80.9 (4.2) [3] # 81.8 (4.1) [4] 81.5 (4.4) [2] 80.8 (4.0) [4] # 80.4 (4.0) [1] # 

 

Child MUAC at 
enrolment in mm, mean 
(sd) 146.9 (12.5) [1] 146.5 (11.8) [0] 

147.7 (12.7) 
[0] 147.5 (11.9) [0] 146.1 (12.3) [1] 145.5 (11.6) [0] 

 

Child temperature 
 in ◦ C, mean (sd) 36.1 (0.5) [2] 36.1 (0.5) [1] 36.1 (0.5) [1] 36.1 (0.5) [0] 36.1 (0.5) [1] 36.1 (0.6) [1] 

 

Participation in other RCTs 
 

Enrolled in early MV 
trial (DDNOVO) 58 (1661) [0] 58 (1624) [0] 58 (833) [0] 58 (809) [0] 58 (828) [0] 58 (815) [0] 

 

Received trial early MV 
(4-5 m) 19 (544) [1203] 19 (541) [1186] 20 (288) [600] 19 (262) [594] 18 (256) [603] 20 (279) [592] 

 

Received trial late MV 
(18 m) 18 (518) [1203] 17 (476) [1186] 18 (265) [600] 17 (238) [594] 18 (253) [603] 17 (238) [592] 

 

Enrolled in neonatal 
VAS trial 68 (1935) [0] 67 (1880) [0] 69 (987) [0] 68 (958) [0] 66 (948) [0] 66 (922) [0] 

 

Received trial neonatal 
VAS  42 (1192) [929] 42 (1191) [930] 42 (606) [446] 43 (598) [445] 41 (586) [483] 42 (593) [485] 

 

Enrolled in low 
birthweight BCG trial 3 (74) [0] 3 (92) [0] 2 (35) [0] 3 (42) [0] 3 (39) [0] 4 (50) [0] 

 

Received trial BCG at 
birth 1 (34) [2790] 2 (43) [2718] 1 (15) [1398] 1 (18) [1361] 1 (19) [1392] 2 (25) [1357] 

 

Exposure to campaigns before enrolment (based on eligibility) 
 

OPV campaign 57 (1619) [0] 56 (1581) [0] 55 (788) [0] 55 (771) [0] 58 (831) [0] 58 (810) [0] 
 RETRACTED



  Journal of Infectious Diseases and Therapy Open access 

 

17 
JIDT| Volume 5|Issue 1|AUG, 2026                                                                                                                                          
 

OPV+VAS campaign 41 (1169) [0] 40 (1122) [0] 39 (565) [0] 38 (534) [0] 42 (604) [0] 42 (588) [0] 
 

VAS campaign 78 (2244) [0] 80 (2235) [0] 79 (1138) [0] 80 (1127) [0] 77 (1106) [0] 79 (1108) [0] 
 

MV+VAS campaign 13 (359) [0] 12 (340) [0] 12 (179) [0] 12 (172) [0] 13 (180) [0] 12 (168) [0] 
 

# p-value <0.05 
 

 

Table 1: Baseline characteristics by randomization group (DTP4+OPV4 and OPV4), overall and by sex. 

Mortality and morbidity  

The was no difference in non-accidental mortality with 30 and 35 deaths in the two randomisation groups, the HR for DTP4+OPV4 vs OPV4 
being 0.84 (0.52-1.37) (Table 2). The mortality rate in the trial was 0.55% (65/11,813 Person-Years (PYRS)). Since the trial was planned with 
a mortality rate of 3%, the observed rate was 82% lower than expected.  
 

 Hospitalization rate per 100 person-years 
(hospitalisations/person-years) HR of DTP4+OPV4 vs OPV4 (95% CI) 

DTP4+OPV4 OPV4 
All Males Females All Males Females All Males Females 

Non-
accidental 
mortality 

0.50 
(30/597
1) 

0.47 
(14/298
1) 

0.54 
(16/299
0) 

0.60 
(35/584
1) 

0.55 
(16/293
0) 

0.65 
(19/291
1) 

0.84 (0.52-
1.37) 

0.86 (0.42-
1.76) 

0.82 (0.42-
1.60) 

All-cause 
hospitalisati
ons 

4.60 
(274/59
62) 

4.97 
(148/29
76) 

4.22 
(126/29
86) 

5.08 
(296/58
31) 

5.71 
(167/29
25) 

4.44 
(129/29
07) 

0.91 (0.77-
1.07) 

0.87 (0.70-
1.09) 

0.96 (0.75-
1.22) 

By hospitalisation cause #1 

Malaria 
2.75 
(164/59
62) 

3.09 
(92/297
6) 

2.41 
(72/298
6) 

3.26 
(190/58
31) 

3.52 
(103/29
25) 

2.99 
(87/290
7) 

0.85 (0.69-
1.04) 

0.88 (0.66-
1.16) 

0.81 (0.59-
1.10) 

Respiratory 
infection 

1.11 
(66/596
2) 

1.08 
(32/297
6) 

1.14 
(34/298
6) 

1.18 
(69/583
1) 

1.54 
(45/292
5) 

0.83 
(24/290
7) 

0.94 (0.67-
1.32) 

0.70 (0.44-
1.10) 

1.39 (0.83-
2.35) 

Gastroentest
inal infection 

0.34 
(20/596
2) 

0.20 
(6/2976) 

0.47 
(14/298
6) 

0.31 
(18/583
1) 

0.27 
(8/2925) 

0.34 
(10/290
7) 

1.10 (0.58-
2.07) 

0.74 (0.26-
2.13) 

1.38 (0.61-
3.11) 

Other 
infection 

0.15 
(9/5962) 

0.17 
(5/2976) 

0.13 
(4/2986) 

0.21 
(12/583
1) 

0.27 
(8/2925) 

0.14 
(4/2907) 

0.74 (0.31-
1.75) 

0.61 (0.20-
1.88) 

0.98 (0.25-
3.93) 

Other causes 
0.23 
(14/596
2) 

0.40 
(12/297
6) 

0.07 
(2/2986) 

0.12 
(7/5831) 

0.10 
(3/2925) 

0.14 
(4/2907) 

1.96 (0.79-
4.85) 

3.92 (1.11-
13.9) 

0.49 (0.09-
2.67) 

 

Table 2: Rates of non-accidental deaths, hospitalisations overall and by major categories per 100 person-years overall, by randomisation 
group and sex. Cox regression analysis yielding HRs of DTP4+OPV4 vs. OPV overall and by sex. Follow-up from enrolment to 4 years of age.   
There were 571 hospitalisations in the study cohort, with 274 and 297 in each group. The hazard ratio was 0.91 (0.77-1.07) (Table 2).  
 
There were no differences in F/M mortality ratios (Supplementary Table 2). However, there were significantly lower F/M hospitalisation 
ratios in the OPV4-only group, particularly for respiratory infectious hospitalisations (Supplementary Table 2). 
 

Interactions 

Since it has become increasingly clear that health interventions interact and many interventions were introduced in the trial period, possible 
interactions were explored, even though it was clear that the power was low. Firstly, with campaigns and RCT interventions administered before 
the children were enrolled in the DTP4-trial. Secondly, with campaigns administered after enrolment in the trial (Supplementary Tables 3 and 
4).  All children had been eligible to receive at least one health intervention campaign before enrolment in the DTP4 trial (Table 1). Furthermore, 
77% of trial participants had previously taken part in another randomised trial (Supplementary Table 5). In addition, the vast majority of 
children were exposed to further national campaigns with OPV-only, OPV+ Vitamin A supplementation (VAS), VAS-only, MV+VAS, or H1N1 
influenza vaccine during the conduct of the trial (Figure 2). For only 12% of the follow-up time (and 17% of deaths) had the trial participants 
not received another campaign after enrolment.  
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 Figure 2: Proportion of exposure to different campaigns during follow-up. 

There was one significant interaction (Supplementary Table 3): between the periods where Serum Institute of India (SII) DTP (MR=0.54 (0.27-
1.06)) and DTP from Bio Pharma, Indonesia (MR=1.48 (0.69-3.15)) was used (test of interaction, p=0.05), this was observed only for females 
(test of interaction, p=0.04; data not shown) 
 

Discussion 

The study hypotheses were not supported. Randomisation to DTP4+OPV4 was not associated with higher mortality rates or higher hospital 
admission rates nor were there major sex differences. There were significantly fewer females than male admissions in the OPV4 group, as 
hypothesised, but it was not significantly different from the pattern in the DTP4+OPV4 group (Supplementary Table 4). 
 
The RCT was strongly underpowered. After the civil war in 1998-1999 and the following disruption of the health care system, partly due to 
health care workers fleeing Guinea-Bissau during the war, and a measles epidemic in 2003, the expectation was an annual mortality rate of 3%. 
Fortunately for the children, the rate declined to 0.55% in the trial period 2005-2012. 
 

Consistency with previous studies 

To our knowledge, there has been no previous RCT of DTP4 vs no DTP4 examining the effect on mortality. In a previous trial, we used a 
booster dose of BCG at 19 months of age to modify the expected negative effect of DTP4 assumed to be given at 18 months. If BCG was given 
after DTP4, there was a 64% (1-87%) reduction in mortality up to 5 years of age. However, if DTP4 was not given before enrolment at 19 
months and DTP4 therefore was likely to be given after BCG, mortality was increased (mortality ratio 78% (4-204%)) [17].  
 
The are several observational studies of DTP4 which have pointed to increased female mortality after DTP4 [18]. The present RCT is therefore 
an outlier which needs an explanation. The drop in power due to the declining mortality rate may not only have lowered the possibility of finding 
significant tendencies; it is also likely that the immune mediated NSEs are more pronounced when mortality is high, so when mortality declines 
by >80%, the residual deaths may be less likely to be affected by immunological changes.  
 
Initially, trials of NSEs were planned more or less as vaccine efficacy studies. However, it has become increasingly clear that there are 
interactions with other routine vaccinations, vaccination campaigns, and other interventions affecting the immune system like vitamin A [19, 
20]. Hence, in the present RCT we examined possible interactions with campaigns before enrolment, previous RCTs, and campaigns given after 
enrolment. There was limited power in the study and too many possible interactions so there was no definitive pattern, except that the two 
different strains of DTP had different effects; however, this could be due to other temporal factors, such as the campaigns conducted in the 
respective periods (Figure 2) rather than inherent effects of the strains of DTP. 
 

Conclusion 

In conclusion, the trial did not find the expected beneficial effect of not given DTP4. From the point of view of a planned RCT, this trial failed in 
several respects. It was strongly underpowered because child mortality declined much more than expected. Due to the numerous campaigns a RETRACTED
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limited part of the follow-up time was a comparison between DTP4+OPV4 vs OPV4 as the most recently received vaccinations. 
 
 

Postscript 

We apologise for the late reporting. The implementation of the trial went quite different from the scheduled plans. In this older age group, more 
children than expected were registered by an ID and address that could not be followed. Funding was lacking for the PhD student to complete 
the data cleaning and analysis. Before funding could be obtained, the Guinean field supervisor had died which made it difficult to resolve some 
inconsistencies in data. The senior authors had too many other commitments. Finally, from 2020, the COVID-19 pandemic changed all priorities. 
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Supplementary figure and tables 

 
 

 
Supplementary figure 1: Trial study design for children to receive either DTP with MV or DTP after MV. Arm 4 is presented in the main text. 

 
A.MV and DTP administered simultaneously (MV=DTP)  

Country Number of 
children 

Study  MR for MV=DTP  
vs DTP<MV 

Congo (9)  EZ-trial at 6 months; followed to 36 months 5.38 (1.37-21.2) 

Malawi (10) 751 Routine vaccination 5.27 (1.11-25.0) 

Senegal (11) 4,135 Routine vaccination – 9-24 months: 1996-99 2.21 (1.10-4.43) 

Guinea-Bissau (12) 403 Hospital case fatality 6-17 months; 1990-96 and 2001 1.87 (1.06-3.31) 

Ghana (13) 6,761 Routine vaccination; mortality within 12 months 1.76 (1.05-2.94) 

Vaccination coverage for dead children versus community controls Relative risk 

Gambia (14)  22% (9/41) of dead children aged 9-17 months had received DTP>=MV 
compared with 6% (163/2539) in community survey 

3.42 (1.88-6.21) 

Combined estimate 2.33 (1.76-3.09) 

B. DTP administered after MV (DTP>MV)  
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Country Number of 
children 

Study  MR for DTP>MV  
vs DTP<MV 

Senegal (11) 4135 Routine vaccination – 9-24 months: 1996-99 2.72 (1.16-6.39) 

Guinea-Bissau (12) 276 Hospital case fatality 6-17 months; 1990-96 and 2001 1.47 (0.68-3.20) 

Ghana (13) 6,761 Routine vaccination; mortality within 12 months 1.68 (0.94-2.99) 

Combined estimate 1.81 (1.20-2.72) 

 
Supplementary table 1: Mortality ratio for children receiving DTP with MV (DTP=MV) or after MV (DTP>MV) compared with children hag 
rceived MV as last vaccination (DTP<MV). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary table 2: Female-male HRs of non-accidental mortality and hospitalisations. Follow-up from enrolment to 4 years of age.  
 

 
Contextual factor 

 

Mortality rate per 100 person-years 
(deaths/person-years) HR of DTP4+OPV4 

vs OPV4 (95% CI) 
Female/Male HR 

(95% CI) 
 

DTP4+OPV4 OPV4  
Participation in other RCTs  

Received no trial MV 0.59 (22/3715) 0.66 (24/3619) 0.89 (0.50-1.60) 1.07 (0.60-1.92)  

Received early (4m) MV in DDNOVO 0.34 (4/1160) 0.60 (7/1176) 0.58 (0.17-1.99) 1.23 (0.38-4.04)  

Received late (18m) MV in DDNOVO 0.36 (4/1098) 0.38 (4/1046) 0.97 (0.24-3.87) 1.72 (0.41-7.22) 
 

Received no trial NVAS 0.67 (23/3437) 0.51 (17/3309) 1.30 (0.69-2.43) 1.64 (0.86-3.11) 
 

Received trial NVAS 0.28 (7/2534) 0.71 (18/2532) 0.39 (0.16-0.94) 0.68 (0.31-1.52) 
 

Campaigns after enrolment  

Not yet received any Campaign 0.71 (5/707) 0.86 (6/699) 0.82 (0.25-2.68) 0.58 (0.17-1.97) 
 

Received any Campaign 0.47 (25/5264) 0.56 (29/5143) 0.85 (0.50-1.44) 1.34 (0.78-2.30) 
 

Not yet received C-OPV 0.48 (25/5262) 0.66 (34/5190) 0.72 (0.43-1.21) 1.03 (0.62-1.72) 
 

Received C-OPV 0.70 (5/709) 0.15 (1/652) 4.51 (0.53-38.7) 5.26 (0.61-45.0) 
 

Not yet received C-VAS 1.01 (9/890) 1.25 (11/878) 0.79 (0.33-1.90) 0.97 (0.40-2.32) 
 

Received C-VAS 0.41 (21/5081) 0.48 (24/4963) 0.86 (0.48-1.54) 1.25 (0.70-2.26) 
 

Not yet received C-OPV+VAS  0.50 (27/5359) 0.66 (35/5279) 0.76 (0.46-1.25) 1.14 (0.69-1.87) 
 

Received C-OPV+VAS 0.49 (3/612) 0.00 (0/562) - 2.08 (0.19-22.9) 
 

Not yet received C-MV+VAS 0.45 (22/4891) 0.58 (28/4813) 0.77 (0.44-1.35) 0.93 (0.53-1.62) 
 

Received C-MV+VAS 0.74 (8/1080) 0.68 (7/1028) 1.11 (0.40-3.07) 2.57 (0.82-8.07) 
 

 
HR of females vs males (95% CI) 

All DTP4+OPV4 OPV4 
Non-accidental mortality 1.16 (0.71-1.89) 1.14 (0.56-2.34) 1.17 (0.60-2.28) 
All-cause hospitalisations 0.81 (0.69-0.96) 0.85 (0.67-1.08) 0.78 (0.62-0.98) 
By hospitalisation cause #1 
Malaria 0.82 (0.66-1.01) 0.78 (0.57-1.06) 0.85 (0.64-1.13) 
Respiratory infection 0.76 (0.54-1.06) 1.07 (0.66-1.73) 0.53 (0.33-0.88) 
Gastrointestinal infection 1.72 (0.89-3.33) 2.35 (0.90-6.11) 1.26 (0.50-3.18) 
Other infection 0.62 (0.26-1.49) 0.80 (0.22-2.99) 0.50 (0.15-1.66) 
Other causes 0.40 (0.16-1.03) 0.17 (0.04-0.74) 1.33 (0.30-5.96) 
#1 One hospitalisation excluded with 
missing cause. 
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Not yet received C-H1N1  0.51 (29/5737) 0.62 (35/5634) 0.81 (0.50-1.33) 1.13 (0.69-1.85) 
 

Received C-H1N1 0.43 (1/234) 0.00 (0/207) - - 
 

Campaigns before enrolment  
 

Not received any campaign 0 (0/0) 0 (0/0) - - 
 

Received any campaign 0.50 (30/5971) 0.60 (35/5841) 0.84 (0.52-1.37) 1.17 (0.72-1.90) 
 

Not C-OPV 0.72 (19/2640) 0.59 (15/2553) 1.23 (0.63-2.42) 1.19 (0.61-2.34) 
 

Received C-OPV 0.33 (11/3331) 0.61 (20/3289) 0.54 (0.26-1.13) 1.16 (0.57-2.36) 
 

Not received C-OPV+VAS  0.61 (22/3600) 0.57 (20/3528) 1.08 (0.59-1.98) 1.05 (0.57-1.92) 
 

Received C-OPV+VAS 0.34 (8/2371) 0.65 (15/2313) 0.52 (0.22-1.23) 1.44 (0.63-3.34) 
 

Not received C-VAS 0.31 (4/1285) 0.67 (8/1195) 0.46 (0.14-1.54) 1.82 (0.55-6.06) 
 

Received C-VAS 0.55 (26/4686) 0.58 (27/4646) 0.96 (0.56-1.64) 1.06 (0.62-1.82) 
 

Not received C-MV+VAS 0.44 (23/5260) 0.60 (31/5184) 0.73 (0.43-1.26) 1.25 (0.73-2.14) 
 

Received C-MV+VAS 0.98 (7/711) 0.61 (4/657) 1.62 (0.47-5.54) 0.83 (0.25-2.72)  

Other temporal factors  

DTP vaccine (Serum Institute of India) 0.34 (13/3866) 0.63 (24/3828) 0.54 (0.27-1.06) 0.93 (0.49-1.77)   

DTP vaccine (Bio Pharma) 0.81 (17/2105) 0.55 (11/2014) 1.48 (0.69-3.15) 1.61 (0.75-3.43)  

Enrolled in rainy season 0.49 (14/2877) 0.57 (16/2825) 0.86 (0.42-1.77) 0.98 (0.48-2.00)  

Enrolled in dry season 0.52 (16/3094) 0.63 (19/3016) 0.82 (0.42-1.59) 1.37 (0.70-2.68)  

Follow-up in rainy season 0.46 (24/5271) 0.52 (27/5161) 0.87 (0.50-1.52) 1.13 (0.65-1.95)  

Follow-up in dry season 0.11 (6/5243) 0.16 (8/5113) 0.73 (0.25-2.12) 1.34 (0.47-3.87)  

18-23 months of age 0.95 (10/1053) 1.14 (12/1053) 0.82 (0.36-1.91) 0.57 (0.24-1.37)  

24-35 months of age 0.47 (12/2552) 0.68 (17/2493) 0.69 (0.33-1.45) 1.90 (0.88-4.08)  

36-47 months of age 0.34 (8/2365) 0.26 (6/2296) 1.29 (0.45-3.72) 1.33 (0.46-3.84)  

Follow-up Calendar year 2005-2006 0.34 (2/587) 1.06 (6/564) 0.31 (0.06-1.56) 1.56 (0.37-6.53)  

Follow-up Calendar year 2007 0.56 (8/1417) 0.86 (12/1394) 0.68 (0.28-1.65) 0.64 (0.26-1.58)  

Follow-up Calendar year 2008 0.50 (9/1810) 0.61 (11/1808) 0.82 (0.34-1.97) 1.53 (0.63-3.75)  

Follow-up Calendar year 2009 0.37 (5/1363) 0.37 (5/1336) 0.97 (0.28-3.35) 0.70 (0.20-2.48)  

Follow-up Calendar year 2010-2012 0.76 (6/794) 0.14 (1/740) 5.48 (0.66-45.6) 6.41 (0.77-53.2)  

Inclusion year 2005 0.00 (0/198) 0.55 (1/183) - -  

Inclusion year 2006 0.34 (7/2052) 0.64 (13/2026) 0.53 (0.21-1.33) 1.37 (0.56-3.34)  

Inclusion year 2007 0.43 (8/1844) 0.59 (11/1857) 0.74 (0.30-1.85) 0.62 (0.25-1.58)  

Inclusion year 2008 0.69 (10/1447) 0.58 (8/1390) 1.19 (0.47-3.01) 1.65 (0.64-4.25)  

Inclusion year 2009 1.16 (5/431) 0.52 (2/385) 2.27 (0.44-11.7) 1.40 (0.31-6.24)  

Birth year 2001-2004 0.21 (3/1452) 0.58 (8/1389) 0.36 (0.10-1.36) 1.60 (0.47-5.48)  

Birth year 2005 0.41 (8/1964) 0.70 (14/2001) 0.58 (0.24-1.39) 0.82 (0.35-1.89) 
 

Birth year 2006 0.59 (10/1694) 0.60 (10/1673) 0.99 (0.41-2.38) 1.29 (0.54-3.12) 
 

Birth year 2007-2008 1.04 (9/861) 0.39 (3/778) 2.72 (0.74-10.0) 1.55 (0.49-4.88)  
OPV=oral polio vaccine, VAS=vitamin A supplementation, MV=measles vaccine, H1N1=swine flu vaccine 

 
Supplementary table 3: Explorative analysis of the impact of contextual factors on the all-cause mortality Hazard Ratio (HR).  RETRACTED
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Contextual factor 
 

Mortality rate per 100 person-years 
(deaths/person-years) HR of DTP4+OPV4 

vs OPV4 (95% CI) 
Female/Male HR 

(95% CI) 
 

DTP4+OPV4 OPV4  

Participation in other RCTs  

Received no trial MV 4.85 (180/3709) 5.09 (184/3613) 0.96 (0.78-1.18) 0.76 (0.61-0.93)  

Received early (4m) MV in DDNOVO 3.88 (45/1159) 5.54 (65/1174) 0.70 (0.48-1.02) 0.89 (0.61-1.29)  

Received late (18m) MV in DDNOVO 4.47 (49/1097) 4.50 (47/1044) 1.00 (0.67-1.49) 0.95 (0.64-1.42) 
 

Received no trial NVAS 4.81 (165/3431) 5.45 (180/3303) 0.88 (0.71-1.09) 0.73 (0.59-0.90) 
 

Received trial NVAS 4.31 (109/2531) 4.59 (116/2528) 0.94 (0.73-1.23) 0.95 (0.73-1.23) 
 

Campaigns after enrolment  

Not yet received any Campaign 6.94 (49/706) 8.90 (62/696) 0.78 (0.54-1.14) 0.76 (0.52-1.11) 
 

Received any Campaign 4.28 (225/5256) 4.56 (234/5135) 0.94 (0.78-1.13) 0.82 (0.69-0.99) 
 

Not yet received C-OPV 4.59 (241/5254) 5.17 (268/5181) 0.89 (0.75-1.06) 0.82 (0.69-0.98) 
 

Received C-OPV 4.66 (33/708) 4.30 (28/651) 1.08 (0.65-1.78) 0.73 (0.44-1.22) 
 

Not yet received C-VAS 7.10 (63/888) 8.68 (76/876) 0.82 (0.59-1.15) 0.79 (0.56-1.10) 
 

Received C-VAS 4.16 (211/5074) 4.44 (220/4956) 0.94 (0.78-1.13) 0.82 (0.68-0.99) 
 

Not yet received C-OPV+VAS  4.58 (245/5351) 5.26 (277/5270) 0.87 (0.73-1.03) 0.79 (0.67-0.94) 
 

Received C-OPV+VAS 4.75 (29/611) 3.38 (19/562) 1.44 (0.81-2.57) 1.02 (0.58-1.79) 
 

Not yet received C-MV+VAS 4.46 (218/4884) 5.06 (243/4805) 0.88 (0.74-1.06) 0.83 (0.69-0.99) 
 

Received C-MV+VAS 5.19 (56/1079) 5.16 (53/1026) 1.01 (0.69-1.47) 0.74 (0.50-1.08) 
 

Not yet received C-H1N1  4.54 (260/5728) 5.08 (286/5625) 0.89 (0.76-1.06) 0.82 (0.69-0.97) 
 

Received C-H1N1 5.99 (14/234) 4.83 (10/207) 1.28 (0.57-2.89) 0.66 (0.29-1.52) 
 

Campaigns before enrolment  
 

Not received any campaign - - - - 
 

Received any campaign 4.60 (274/5962) 5.08 (296/5831) 0.91 (0.77-1.07) 0.81 (0.69-0.96) 
 

Not C-OPV 5.62 (148/2636) 5.49 (140/2548) 1.03 (0.81-1.29) 0.85 (0.67-1.07) 
 

Received C-OPV 3.79 (126/3327) 4.75 (156/3283) 0.80 (0.63-1.01) 0.78 (0.62-0.99) 
 

Not received C-OPV+VAS  5.40 (194/3593) 5.57 (196/3522) 0.97 (0.80-1.19) 0.81 (0.67-0.99) 
 

Received C-OPV+VAS 3.38 (80/2369) 4.33 (100/2310) 0.78 (0.58-1.05) 0.83 (0.62-1.11) 
 

Not received C-VAS 2.96 (38/1284) 3.85 (46/1194) 0.77 (0.50-1.19) 0.79 (0.51-1.21) 
 

Received C-VAS 5.04 (236/4678) 5.39 (250/4638) 0.94 (0.79-1.12) 0.82 (0.69-0.98) 
 

Not received C-MV+VAS 4.63 (243/5252) 5.02 (260/5175) 0.92 (0.78-1.10) 0.82 (0.69-0.97) 
 

Received C-MV+VAS 4.36 (31/710) 5.49 (36/656) 0.80 (0.49-1.29) 0.76 (0.47-1.24)  

Other temporal factors  

DTP vaccine (Serum Institute of India) 3.91 (151/3861) 4.95 (189/3821) 0.79 (0.64-0.98) 0.77 (0.62-0.95)  

DTP vaccine (Bio Pharma) 5.85 (123/2101) 5.32 (107/2010) 1.10 (0.85-1.43) 0.89 (0.69-1.15)  

Enrolled in rainy season 4.59 (132/2873) 5.60 (158/2820) 0.82 (0.65-1.04) 0.84 (0.67-1.06)  

Enrolled in dry season 4.60 (142/3089) 4.58 (138/3011) 1.01 (0.80-1.27) 0.78 (0.62-0.99)  

Follow-up in rainy season 5.40 (163/3017) 5.94 (175/2949) 0.91 (0.74-1.13) 0.85 (0.69-1.05)  

Follow-up in dry season 3.77 (111/2945) 4.20 (121/2883) 0.90 (0.70-1.17) 0.76 (0.58-0.98)  RETRACTED



  Journal of Infectious Diseases and Therapy Open access 

 

24 
JIDT| Volume 5|Issue 1|AUG, 2026                                                                                                                                          
 

18-23 months of age 6.47 (68/1051) 8.96 (94/1049) 0.72 (0.53-0.98) 0.81 (0.59-1.10)  

24-35 months of age 4.79 (122/2548) 5.22 (130/2488) 0.92 (0.72-1.17) 0.83 (0.64-1.06)  

36-47 months of age 3.56 (84/2363) 3.14 (72/2294) 1.13 (0.83-1.55) 0.79 (0.58-1.09)  

Follow-up Calendar year 2005-2006 5.63 (33/586) 6.58 (37/562) 0.88 (0.55-1.41) 0.97 (0.61-1.55)  

Follow-up Calendar year 2007 3.18 (45/1416) 5.75 (80/1391) 0.56 (0.39-0.81) 0.77 (0.54-1.09)  

Follow-up Calendar year 2008 5.04 (91/1807) 4.82 (87/1805) 1.05 (0.78-1.40) 0.74 (0.55-1.00)  

Follow-up Calendar year 2009 5.00 (68/1360) 4.35 (58/1334) 1.15 (0.81-1.63) 0.89 (0.62-1.26)  

Follow-up Calendar year 2010-2012 4.67 (37/793) 4.60 (34/739) 1.01 (0.64-1.61) 0.82 (0.52-1.32)  

Inclusion year 2005 3.54 (7/198) 2.19 (4/183) 1.80 (0.52-6.19) 1.23 (0.37-4.02)  

Inclusion year 2006 3.27 (67/2050) 4.30 (87/2023) 0.76 (0.55-1.05) 0.84 (0.61-1.15)  

Inclusion year 2007 4.51 (83/1841) 5.50 (102/1854) 0.82 (0.62-1.10) 0.68 (0.51-0.92)  

Inclusion year 2008 6.09 (88/1444) 5.19 (72/1387) 1.18 (0.86-1.61) 1.05 (0.77-1.43)  

Inclusion year 2009 6.75 (29/430) 8.07 (31/384) 0.85 (0.51-1.42) 0.65 (0.38-1.09)  

Birth year 2001-2004 3.10 (45/1450) 3.61 (50/1387) 0.87 (0.58-1.31) 0.85 (0.57-1.28)  

Birth year 2005 4.23 (83/1961) 5.66 (113/1997) 0.75 (0.57-1.00) 0.71 (0.53-0.94) 
 

Birth year 2006 5.20 (88/1691) 4.73 (79/1671) 1.10 (0.81-1.49) 1.02 (0.75-1.38) 
 

Birth year 2007-2008 6.75 (58/859) 6.95 (54/777) 0.99 (0.68-1.44) 0.74 (0.51-1.08) 
 

OPV=oral polio vaccine, VAS=vitamin A supplementation, MV=measles vaccine, H1N1=swine flu vaccine. 

 
Supplementary table 4: Explorative analysis of the impact of contextual factors on the hospitalisation Hazard Ratio (HR). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Supplementary table 5: Overview of participation in other clinical trials among children enrolled in the DTP trial. 

 

RCT (enrolment period in DTP RCT) % enrolled among the 
5,674 DTP RCT children 

(N) 

Intervention % enrolled of DTP 
children (N) 

2-dose MV RCT (25th of October 2005 to 4th 
of September 2008) 58% (3,285) 

No intervention/placebo 21% (1,207) 

Early MV (4.5 months of age) 19% (1,085)# 

Late MV (18 months of age) 18% (994)# 

VAS at birth RCTs (25th of October 2005 to 
19th of June 2009) 

67% (3,815) 
No intervention/placebo 25% (1,432) 

VAS 42% (2,383) 

BCG at birth to low birthweight children (29th 
of June 2006 to 22nd of September 2009) 

2.9% (166) 
No intervention/placebo 1.6% (89) 

BCG 1.4% (77) 

Participation in any of the trials listed above 

77% (4,386) 

No intervention 39% (2,231) 

1 intervention 42% (2,357) 

2 interventions 19% (1,076) 

3 interventions 0.2% (10) 

#One child had received both the early and late MV. 

 

RETRACTED


