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Brief summary: The relative female-male mortality rate ratio (F/M MRR) increased 50% 

(95% CI: 10-106%) with the number of doses of diphtheria-tetanus-pertussis (DTP) vaccines 

but declined 3-fold after measles vaccine (MV). It increased significantly again when DTP 

was given after MV.  

 

Corresponding author: Peter Aaby, Research Centre for Vitamins and Vaccines (CVIVA), 

Statens Serum Institut, Artillerivej 5, 2300 Copenhagen S, Denmark; E-mail: 

p.aaby@bandim.org, Tel: +4532683950  

Alternate contact: Christine Benn: cbenn@health.sdu.dk 
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ABSTRACT 

Background: The third dose of diphtheria-tetanus-pertussis (DTP3) is used to monitor 

immunization programs. DTP has been associated with higher female mortality.  

Methods: We updated previous literature searches for DTP-studies of mortality by sex. We 

examined the female/male (F/M) mortality rate ratio (MRR) with increasing number of 

doses of DTP and for subsequent doses of measles vaccine (MV) after DTP and of DTP after 

MV.   

Results: Eight studies had information on both DTP1 and DTP3. The F/M MRR was 1.17 

(0.88-1.57) after DTP1 and increased to 1.66 (1.32-2.09) after DTP3. Following receipt of MV 

the F/M MRR declined to 0.63 (0.42-0.96). In 11 studies the F/M MRR increased to 1.73 

(1.33-2.27) when DTP-containing vaccine was administered after MV. 

Conclusions: The F/M MRR increased with increasing doses of DTP. After MV, females had 

lower mortality than males. If DTP was provided after MV, mortality increased again for 

females relative to males. No bias can explain these changes in the F/M MRR. DTP does not 

improve male survival substantially in situations with herd immunity to pertussis and the 

higher F/M MRR after DTP may therefore reflects an absolute increase in female mortality.  
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INTRODUCTION 

In 1992, WHO rescinded the recommendation of high-titre measles vaccine (HTMV) because 

it was associated with increased female mortality (1). In 1989, WHO had recommended 

HTMV from 6 months of age. HTMV was protective against measles infection for both girls 

and boys when given this early (2,3). However, when children in Guinea-Bissau and Senegal 

were followed to 5 years of age, HTMV compared with standard-titre MV at 9 months of age 

was associated with two-fold higher female mortality (4). HTMV made no difference to 

males. When a similar trend was found in Haiti, WHO withdrew the recommendation of 

HTMV (1). Hence, an effective vaccine was withdrawn due to sex-differential effects on 

survival. There was no explanation of how an effective vaccine could be associated with 

higher female mortality. 

It took a decade to find an explanation which fitted all available data. Studies had suggested 

that non-live diphtheria-tetanus-whole-cell-pertussis (DTP) vaccine was associated with 

higher female mortality (5,6). HTMV was given at 4-5 months of age and most children 

received doses of DTP or inactivated polio vaccine (IPV) after HTMV. We tested whether 

female mortality was due to the non-live DTP and IPV vaccines being administered after 

HTMV(4). In Sudan, Senegal and Guinea-Bissau, female mortality was higher if DTP/IPV was 

administered after HTMV but not among control children who received MV at 9-10 months 

and were less likely to receive a non-live vaccine after MV (7). When children did not receive 

DTP/IPV after HTMV, there was no increase in female mortality (4). Hence, the sequence 

with non-live vaccine after early MV – and not HTMV per se – explained the increased 

female mortality.  
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In a meta-analysis of all RCTs of medium-titre (MTMV) or HTMV in Sudan, Senegal, Gambia 

and Guinea-Bissau, females receiving DTP/IPV after HTMV/MTMV had a mortality rate ratio 

(MRR) of 1.89 (1.27-2.80) compared with females receiving standard MV after non-live 

vaccine; the corresponding MRR for males was 0.98 (0.66-1.46) (7). Female HTMV-recipients 

had higher mortality than female controls and higher mortality than male HTMV-recipients 

(4). Higher female-than-male child mortality is “unnatural”; there was no difference in West 

Africa in the pre-vaccination era (8).  

After the HTMV incident, many studies confirmed that DTP and other non-live vaccines 

might be associated with higher female-than-male mortality (4,6-9); in a meta-analysis of 15 

studies, the F/M MRR was 1.53 (1.21-1.93) among children who had DTP as most recent 

vaccination (9).  

The third dose of DTP (DTP3) is used to monitor the national Expanded Programme of 

Immunization (EPI). To strengthen EPI, it has been common to define targets for DTP3 

coverage (10), to measure success by increases in DTP3 coverage, and to examine whether 

other programmes impact on the DTP3 coverage (11). Until recently, the EPIs received 

additional funding from GAVI according to increases in DTP3 coverage (12). MV coverage is 

now included in the performance-based financing, but the Global Vaccine Action plan still 

assesses coverage by DTP3 only (13). With the emphasis on DTP3, the DTP3 coverage has 

increased more than the MV coverage even though DTP3 requires three vaccinations 

whereas the MV coverage is only one vaccination. If doses of DTP are delayed they are 

provided simultaneously with MV or after MV.  

Studies of gender inequality commonly focus on unequal access to health services. 

However, assessing access may be insufficient. If DTP is associated with an increased F/M 
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MRR (4,7-9) the emphasis on DTP3 might increase female mortality. We reviewed whether 

DTP3 is associated with a higher F/M MRR, whether there is a dose-response relationship 

between the number of DTP-doses and female-male mortality, and what happens when MV 

is given after DTP and DTP is administered after MV.  

 

METHODS 

Mortality studies of DTP vs. no DTP and female-male mortality among DTP-vaccinated 

children, overall and by number of doses.  

Our previous review of DTP covered studies up to 2010 (8). The review had 14 studies of 

mortality after DTP vs no DTP prior to MV; three studies did not have information on sex. 

In 2013-2014 WHO’s Strategic Advisory Group of Experts on immunization (SAGE) organised 

a comprehensive review of the potential non-specific effects (NSEs) of DTP vs. no DTP on 

mortality of children less than 5 years of age. The SAGE review identified 17 studies: 10 

were used to compare DTP vs no DTP while 7 studies were excluded because of perceived 

very-high-risk-of-bias (14). However, the SAGE-reviewers used very-high-risk-of-bias studies 

to assess sex-differential effects of DTP vs. no DTP on mortality, assuming that the bias 

would affect boys and girls to the same extent. Five of the 17 studies had no information on 

sex (Supplementary Table 1). The SAGE-reviewers excluded some studies from our previous 

review because there was no DTP-unvaccinated group, they were hospital case fatality 

studies or there was fear of overlap with other cohort studies (Supplementary Table 1).  

Combined, our previous review and the SAGE review identified 24 studies with information 

on DTP-containing vaccine and mortality. We had tagged 6 studies for exclusion in our 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa684/5944053 by U

niversity of Southern D
enm

ark user on 13 N
ovem

ber 2020



Acc
ep

ted
 M

an
us

cri
pt

 

 7 

previous analysis due to survival bias (N=4); no information on sex (N=1); and because the 

effect of BCG co-administered with DTP1 and subsequent DTP vaccinations could not be 

separated in the presentation of data (N=1) (9). Furthermore, 12 studies had no information 

on sex by number of doses of DTP and two had only information on DTP1 or DTP3; this left 4 

studies for the analysis of F/M MRR by dose of DTP vaccination.  

In 2018-2019, we performed new Pubmed searches for studies of DTP, DPT, diphtheria-

tetanus pertussis, pentavalent or DTP-containing vaccines and mortality/death since 2010. 

Eight new DTP studies were added by this search (16-18,22,25,34,35, Supplementary Table 

1); 4 of these studies had information on sex by doses of DTP (16-18,22).  

Since BCG co-administered with DTP may affect DTP’s effect on survival (36,37) we have 

divided the analysis of the F/M MRR by whether the children had received DTP1 after BCG 

as recommended in the EPI schedule (15-17,20,21) or most children had received BCG+DTP1 

simultaneously (18,19,22). 

The female-male MRR after MV. Among studies with information on DTP, mortality and 

sex, we searched for information on subsequent MV to be able to compare the F/M MRR 

after DTP and after MV within the same study population. We included only studies in which 

the F/M MRR had been or could be calculated for children with known vaccination status.  

The female-male MRR for DTP administered after MV. We searched for studies with 

information on sex and mortality/deaths following DTP-containing vaccinations after MV.  
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Statistical analyses. We used the meta command in Stata 16 to calculate random effect 

estimates for all relevant studies (38). Thus we estimated the mean effect size based on a 

weighted average of the reported effect sizes from the individual studies where weights were 

based on reported variability within studies as well as variability between studies 

(heterogeneity). When possible we used the authors’ adjusted estimates. These estimates 

could be mortality rate ratios or mortality risk ratios, for convenience both being abbreviated 

as MRR. As described in Supplementary Table 1, in a few cases we calculated unadjusted 

F/M MRR based on the number of deaths and person-years/persons reported in the paper, 

assuming similar ages for females and males. We compared the F/M MRRs for DTP1 and 

DTP3 recipients and for DTP versus MV recipients and calculated the 95% CI for the 

estimate based on the 97.5 percentile from the normal distribution. 

In one study (22), the male DTP3 group had no death and the F/M MRR for DTP3 could 

therefore not be calculated. Instead we calculated the F/M MRR for DTP2+DTP3 and the 

transition in this study was therefore from DPT1 to DTP2+DTP3. In a sensitivity analysis we 

added 3 deaths to the male group which reflected the upper bound of the 95% CI for the 

specific study; the effect of this would be conservative for the estimates presented. 

RESULTS 

Female-male mortality after DTP by doses 

Eight studies had information for both DTP1 and DTP3 (15-22). The primary data on 

mortality rates by sex and dose of DTP is presented in Supplementary Table 1 and the F/M 

MRRs are presented in Figure 1.  

The F/M MRR was 1.17 (0.88-1.57) after DTP1, 1.21 (0.91-1.60) after DTP2. After DTP3, it 

was 1.66 (1.32-2.09). The trend was the same for children who had received DTP1 after BCG 
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and those who had received DTP1+BCG (Figure 1). Hence, the F/M MRR was 1.50 (1.10-2.05) 

times higher after DTP3 than after DTP1. Trends were similar in the two studies using DTP-

containing pentavalent vaccine (17,22) (RR=1.56 (0.43-5.60)) and the six studies using DTP 

(RR=1.50 (1.00-2.25)). In a sensitivity analysis, adding three deaths to the male DTP3 group 

in which no boy had died (22), the estimate for the transition from DTP1 to DTP3 remained 

1.49 (1.10-2.02). 

Bangladesh is known for sex-differential treatment and higher female mortality, which may 

bias the F/M MRRs upwards (22); if we excluded the two studies from Bangladesh the 

increase in the F/M MRR going from DTP1 to DTP3 was still 1.51 (1.04-2.21). Three countries 

had more than one study; the increase in the F/M MRR was 1.37 (0.24-7.98) in Bangladesh; 

1.45 (0.40-5.36) in Senegal; and 1.55 (1.06-2.26) in Guinea-Bissau.  

Female-male mortality after MV 

Supplementary Table 1 listed 32 DTP studies; 20 had no information on female-male 

mortality rates after MV (Supplementary Table 1), two studies had only information on 

DTP3 (Supplementary Table 1), and in one study most children received MV with DTP or DTP 

after MV (28). In the remaining nine studies, the F/M MRR declined to 0.63 (0.42-0.96) 

when MV was administered after DTP. Hence, the F/M ratio was 0.32 (0.18-0.56) fold lower 

after MV than after DTP1-3 vaccinations (Figure 2). If we only used the five studies with 

information on  DTP3 and subsequent MV (i.e. among children receiving the vaccines in the 

scheduled order), the relative decline in the F/M MRR was 0.21 (0.11-0.42) (Supplementary 

Figure 3).  
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Female-male mortality after DTP after MV 

Eleven studies had information on the F/M MRR for DTP after MV, of which two were 

related to DTP-IPV being administered after HTMV (Figure 3). In most cases DTP after MV 

would be DTP3 but this was usually not reported; in India DTP after MV was the booster 

dose of DTP (26). In the meta-analysis of the eleven studies, the F/M MRR was 1.73 (1.33-

2.27). The trend was similar in two studies from Senegal administering DTP-IPV after HTMV 

(RR=1.72 (1.14-2.56)) and the nine studies using DTP/Penta after standard MV (RR=1.73 

(1.18-2.55)).  

DISCUSSION 

Major observations  

Female mortality was 66% (32-109%) higher than male mortality among children who had 

DTP3 as their most recent vaccine. The female-male MRR increased 50% (10-105%) going 

from DTP1 to DTP3. After routine MV compared with DTP, the female-male MRR declined 3-

fold; the decline in the F/M MRR from DTP to MV was consistently lower for females than 

for males. If DTP was given again after MV, the F/M MRR increased manifold. There is little 

indication from African studies that vaccination coverage differ by sex (8,39). Since the F/M 

MRRs within the same population changes completely when going from DTP3 to MV-after-

DTP, to DTP-after-MV as most recent vaccination, it is difficult to imagine that sex-

preferential treatment, selection biases or residual confounding play any major role for the 

contrasting F/M mortality patterns. 

Rather, the observed pattern is compatible with DTP increases the F/M MRR  with 

increasing number of doses of DTP, but the trend can be reversed by MV.  
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Strength and weaknesses 

We updated previous literature searches on DTP-studies conducted by WHO and ourselves; 

hence, it is unlikely that important studies were missed. Some studies were excluded due to 

survival bias or because they missed information on sex or number of doses of DTP (9,40) 

(Supplementary table 1).  

Several previous studies, including the SAGE review, have reported opposite sex-differential 

effects for DTP and MV (8,14). Studies comparing female and male mortality rates by 

monthly age groups have depicted a pattern where female mortality is lower than male 

mortality in the first two months of life when BCG predominates; after 3-4 months of age 

when DTP is likely to be the predominant vaccine, female mortality rise over male mortality. 

After 9 months, when MV becomes predominant, female mortality declines below male 

mortality (18,19,22,36,41,42). Importantly, this pattern is not found if the vaccination 

coverage is low or the timing of vaccines is different; for example, in Niakhar in Senegal, the 

DTP coverage was low and MV nearly absent in the late 1990s and female-than-male 

mortality was not higher in infancy (19). 

Negative effects on female mortality have been observed for other non-live vaccines, 

including hepatitis B vaccine, inactivated polio vaccine, influenza H1N1 vaccine and RTS,S 

malaria vaccine (6,43,44,45). Beneficial effects on female mortality have likewise been seen 

for other live vaccines including BCG and smallpox vaccine (14,46).  

Potential amplification of negative NSEs by additional doses of DTP has not been studied. 

Two previous studies suggested that the deleterious effect of DTP-vaccinated versus DTP-

unvaccinated children was enhanced with additional doses of DTP (47). More studies are 
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clearly needed. We found the same pattern in DTP studies (9) and in studies of pentavalent-

DTP-containing vaccine (17,22). Negative boosting has not been examined for other non-live 

vaccines using several doses, e.g. HBV (43) and RTS,S malaria vaccine (44). If non-live 

vaccines produce deleterious boosting, this is important because the vaccine community 

intends to introduce more non-live vaccines in the 2nd year of life, e.g. booster DTP and 

booster RTS,S malaria vaccine.  

Noteworthy, OPV campaigns are associated with major declines in mortality rate (45) and 

we have previously observed that they modified the effect of other interventions, including 

DTP: Interestingly, the two older studies (15,18) from before OPV-campaigns were 

introduced in the mid-1990s do suggest stronger sex-differential effects in the transition 

from DTP1 to DTP3 (Figure 1). Hence, with all the campaigns, the sex-differential effects 

may have been reduced in recent studies (16,17,19-22). When OPV campaigns and routine 

use of OPV are stopped in 2024, the sex-differential effects of non-live vaccines may 

become more pronounced. 

Could DTP have beneficial NSEs in males?  

It has been suggested that higher female-than-male mortality after DTP could be due to 

beneficial NSEs of DTP for males but not for females. The mortality rate usually declines in 

the age group where DTP is used. Hence, it could be speculated that the rate is just declining 

faster for males than for females, producing an increase in the F/M MRR. However, in 

several studies (15, 17, 18, 22) the mortality rate or case fatality did not decline with age for 

females (Supplementary table 1). There are several other reasons that a beneficial effect of 

DTP for males is unlikely to be  the general explanation for the increase in the F/M MRR. 

First, when DTP was introduced in Guinea-Bissau, three natural experiment studies showed 
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the combined MRR for DTP-vaccinated males compared with DTP-unvaccinated males was 

1.71 (0.99-2.93) (34). Second, in seven studies with mortality data, the MRR was 0.96 (0.55-

1.68) for DTP-vaccinated males compared with DTP-unvaccinated-but-BCG-vaccinated males 

(9). Third, in RCTs, females receiving non-live vaccine after MV had higher mortality than 

females receiving MV after non-live vaccine but this sequence did not benefit males 

(MRR=0.98 (0.66-1.36)) (7). Fourth, in six trials of MV, missing DTP versus not missing DTP at 

enrolment was associated with a MRR of 2.36 (1.43-3.89) for females but 1.11 (0.69-1.77) 

for males; hence, boys had no benefit from being likely to receive DTP after MV (8). In other 

words, no study suggests that DTP has a beneficial effect for males. Since the females have 

higher mortality than the males, it seems likely that DTP is actually increasing female 

mortality.  

Interpretation of boosting 

We previously reported that revaccination with live vaccines enhances the beneficial NSEs 

(48). That the F/M MRR increased significantly after DTP3 compared with DTP1 suggest that 

additional non-live DTP vaccinations do the opposite and enhance the deleterious NSEs for 

girls. Thus, DTP seem to have negative NSEs which are boosted with subsequent doses.  

Immunological mechanisms  

Immunological studies of innate immune training are now starting to provide possible 

explanations for the NSEs of vaccines (42,49). Live vaccines, like BCG and vaccinia, induce 

epigenetic changes leading to innate immune training and enhance capacity to handle 

unrelated infections. In contrast, non-live vaccines may induce tolerance enhancing 

susceptibility to unrelated infections (50). There is yet no explanation of why deleterious 
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effects of non-live vaccines are worse for females but there is emerging evidence that 

immunological effects differ by sex. Furthermore, there is no explanation why effects should 

become worse with each additional dose.  

Implications 

It should be important to monitor whether different vaccines or other health interventions 

are associated with sex-differential effects on mortality. This would be easy to do, e.g. 

through demographic surveillance sites or by examining the hospital case fatality in relation 

to the latest vaccine received before admission (15,16,27). We have essentially found 

similar sex-differential mortality patterns in community and hospital studies. If there is sex-

differential mortality, the challenge is to find out why one sex is doing better or worse than 

the other sex.  

In spite of the non-contradicted sex-differential mortality patterns in both Africa and Asia 

and the fact that HTMV was removed due to increased F/M MRR, the NSEs effects are still 

controversial and not taken into consideration in planning of EPI. Available data indicate 

that an optimized vaccination schedule, taking NSEs into consideration, could lower 

mortality considerably. For example, live vaccines co-administered with DTP may reduce the 

deleterious effect of DTP(34,37). OPV has routinely been administered with DTP but since 

OPV is being phased out and replaced with IPV, the deleterious effects of DTP may actually 

increase (31,34). Hence, we should examine whether revaccination with BCG together with 

DTP3 reduces the overall mortality level (37), in particular for females. Alternatively, a live 

vaccine, e.g. MV or BCG, could be administered shortly after the last non-live vaccine; the 

present analysis shows that this would reverse the negative NSEs of DTP (8). 
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An immediate action point is that DTP3 is associated with increased female-male MRR. The 

international community uses DTP3 to monitor national EPIs. Using a specific vaccine as 

monitoring instrument will inevitably promote the coverage for that vaccine. Hence, using 

DTP3 coverage as the monitoring index is likely to increase female mortality. Why not use an 

index which is positively associated with better child survival? This could be the coverage of 

BCG or MV, or both. Emphasizing a certain age of vaccination as key targets would 

contribute to promoting earlier vaccinations with the beneficial vaccines.   

Conclusions 

Non-live vaccines produce negative NSEs for females, which are amplified with additional 

doses (4,7-9). We should explore ways to remove deleterious effects for one sex and 

enhance beneficial effects for the other sex. Nobody questions that boys and girls should 

have equal opportunities to survive. Hence, it is a blind spot that we have not reacted to the 

non-contradicted evidence that girls’ chances of surviving childhood are reduced relative to 

boys’ chances when they receive DTP.  
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Legends for figures 

Figure 1 - Female-male mortality rate ratios (MRR) by number of doses of DTP 

Figure 2 - Female-male mortality rate ratios (MRR) after DTP and measles vaccination 

(MV) 

Figure 3 - Female-male mortality rate ratios (MRR) for recipients of DTP vaccination after 

measles vaccination (MV) 
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Key Points 

 Vaccines may have non-specific effects (NSEs), which are often sex-differential  

 Diphtheria-tetanus-pertussis (DTP) vaccine is associated with a higher female-than-

male (F/M) mortality rate ratio (MRR) 

 The 3
rd

 dose of DTP (DTP3) is used to monitor the performance of the national 

immunization programmes (EPI) 

 We reviewed available studies on DTP and child survival and found that the F/M 

MRR increased with 50% (95% CI: 10-105%) going from DTP1 to DTP3 

 Going from DTP as the most recent vaccine to measles vaccine (MV) the F/M MRR 

was reduced 3-fold 

 When DTP was given after MV, the F/M MRR was again significantly increased 

 Increasing number of doses may enhance the deleterious NSEs of DTP 

 There are reasons to consider whether promoting DTP3 as the monitoring indicator 

for EPI is a sound public health strategy 
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Figure 2 
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Figure 3 
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