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Reaction to comments reviewers 

 

 

Editorial committee 

We know little about non-specific effects of vaccines in high-income countries. As you can see from 

the long and intensive discussion the committee was interested in the topic of your research. The 

following concerns were mentioned: 

 

Please specify what your paper adds to Higgins JP et al. Association of BCG, DTP, and measles 

containing vaccines with childhood mortality: systematic review. BMJ 2016;355:i5170.  

In our paper we assessed the association between MMR as most recent vaccination (compared with 

DTP) and hospitalization for infection as well as the association between the fourth DTP as most 

recent vaccination (compared with the third DTP vaccination) and hospitalization for infection. As we 

found more or less the same hazard ratio for both associations, we show that the lower risk of 

hospitalization for infection in our study was merely due to receiving the next vaccination on time, 

irrespective of whether this was a next DTP vaccination or an MMR vaccination. This shows that at 

least in our study the lower risk of infectious disease related hospitalization for MMR is likely due to 

healthy vaccinee bias. The same problem could also play a role in other observational studies on non-

specific effects of MMR vaccination, which was also acknowledged by Higgins et al. Our study gives 

further proof for this likely bias in observational studies on non-specific effects of vaccines.  

 

The committee shared the reviewers concerns. 

We addressed the comments of the reviewers below and revised the manuscript accordingly.  

 

The Cox regression seems not to adjust for age, which can be seen to be important in Figure 2.  

It is definitely very important to adjust for age and we do that in our analysis by using age as the 

timescale in the Cox regression model and by using age at MMR vaccination as a time-varying 

exposure in our analysis. This effectively means that at each age (in days) we compare children who 

already received the MMR vaccine with children who did not yet receive the MMR vaccine, thereby 

completely adjusting for age. Additionally, we stratified for date of birth and therefore also adjust for 

year and season. We explained this more elaborately in the methods section (line 215). Furthermore, 

we added a comment below the tables indicating that we used age as the underlying time scale and 

that we stratified for date of birth. 

 

Why were MMR vaccinations before 12 months excluded?  

We excluded these children because they received the MMR vaccine at an earlier age than 

recommended in the Netherlands. The main reason for early MMR vaccination is travel to high risk 

countries. In addition, during the 2013/2014 measles outbreak in the Netherlands (Knol et al, 

Eurosurveillance 2013; Woudenberg et al, Eurosurveillance 2017), children living in low vaccination 

coverage areas were recommended to get an early MMR vaccination.  Children who receive an MMR 

vaccine before 12 months are recommended to receive another MMR vaccine at 14 months. In our 

study population, 44,965 children received the MMR vaccine before age 12 months. Of these 44,965 

children, only 2745 received the MMR vaccine after the fourth DTP vaccine. When including these 

2745 children in the analysis, the hazard ratios did not change. We prefer to exclude children who 

received an early MMR vaccination because they followed a different vaccination schedule than the 

rest of the study population. We added this explanation to the methods section (line 199). 

 

Why don’t you report results 12 to 14 months? 

We assume that the committee means that we don’t report the incidence of hospitalizations for MMR 

vaccinated individuals between 12 to 14 months in Figure 2. The reason for this is that there are very 

few children receiving the MMR between 12 and 14 months in our study population (see Figure 1), of 

whom only few children (<10) have been admitted to the hospital for infection.  Therefore, the 
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incidence estimates are very unstable in this period (age 12 months: no estimate available, age 13 

months: 8.7 (95% CI: 0.2 ; 17.3). Moreover, due to privacy reasons, we are not allowed to report data 

which applies to <10 individuals which was the case here. We added this information to a footnote in 

Figure 2.  

 

Worth imputing missing parental education variable?  

The complete case analysis shows that adjustment for parental education level hardly changes the 

estimate, so we think it is not worth imputing missing parental education variable. In general, we see 

that adjustment for potential confounders hardly changes the estimate. Only age is a very important 

confounder in this analysis.   

 

Table 2 should give age in months not days.  

We changed age in months in Table 2, and also give the median age instead of the average age in the 

text in the results section (line 265). 

 

One of the reviewers argues that the tightly scheduled Dutch system allows less leeway in the timing 

of vaccinations. Perhaps infants excluded for being too early or too late are potentially the most 

informative. 

Most information comes from the age period where there are both children already vaccinated with 

MMR and children not yet vaccinated with MMR. Figure 1 shows that this period lies between 13 and 

18 months of age. The small number of children that we excluded for being too early or too late won’t 

contribute much. It is merely the very well organized Dutch system with pre-planned appointments 

that causes the small variation in age at MMR vaccination. Including children who received the MMR 

earlier than recommended did not change the results (see reply to comment above). Moreover, we 

performed an additional analysis with 1188 children included who received the fourth 

DTaP-IPV-Hib+PCV later than 20 months. Including these children did not influence the results. 

 

It is important that the conclusion of this paper is clear that vaccination works to prevent the 

intended diseases. The only issue that is under debate is whether there are (beneficial or deleterious) 

non-specific effects IN ADDITION to the intended effects of vaccination.  

We added this to the conclusion of the paper (line 471). 

 

 In fact, children who did not receive the first 4 standard vaccines or who did not follow the 

recommended vaccines and times were excluded. So it is not possible to say anything about the 

relative risks or benefits between those who get and do not get vaccines. This is obvious to most 

readers but given the current antivax and anti-science climate in the US, this should be clarified.  

We clearly state in the objective, methods and results of the study that we are studying non-specific 

effects of MMR vaccination and that we compare children who received DTaP-IPV-Hib+PCV as recent 

vaccine with children who received MMR as recent vaccine.  

 

How long would we expect the non-specific effects of vaccines to last? Days? Months? That may 

have implications for the interpretation of data.  

We do not really know this, also because the underlying immunological mechanisms are not known. 

We assume it would last at least a few months.   

 

If a child has an infection 3 months after DTP, the MMR administration may be delayed. For how long 

after a febrile illness?  

With regard to illness, the Dutch guidance 

(http://www.rivm.nl/Documenten_en_publicaties/Professioneel_Praktisch/Richtlijnen/Infectieziekten

/Rijksvaccinatieprogramma/richtlijn_uitvoering_rvp_2017/Inhoud/5_Contra_indicaties) states under 

relative contraindications that the risk of vaccination should be weighed against the risk of disease. If 

the child is too ill, it is better to postpone vaccination. No period is mentioned but fever is used as 
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reference, i.e. vaccination is delayed when the fever is above 38.5 degrees Celcius. Furthermore, the 

delay also depends on whether there is room for a new appointment in the near future. We assume 

that MMR administration will be delayed by approximately 2-4 weeks. 

 

Did you consider time of year?  

As we stratified by date of birth, we indirectly adjusted for season.  

 

It seems that susceptibility to infections change with age. To what extent does this explain the 

findings?  

Age is a very important confounder. As described above we adjust for age by using age as the 

timescale in the Cox regression model and by using age at MMR vaccination as a time-varying 

exposure in our analysis. This effectively means that at each age (in days) we compare children who 

already received the MMR vaccine with children who did not yet receive the MMR vaccine, thereby 

completely adjusting for age.  

 

How sure are you about the robustness of the conclusions?  

We used a large and well-organized dataset. We made well-defined and reproducible definitions. 

Therefore, we think our conclusions are robust.  

 

One of the reviewers makes a very interesting point about the conclusions that may be drawn from 

observational studies on healthy vaccine effects: the baseline vaccination rate is important to 

consider when interpreting the results! This is an important contribution to the debate. Could you 

comment on this issue in the manuscript?  

We do not see why the baseline vaccination rate is important when interpreting our results. Actually, 

in our study population all children were vaccinated with DTaP-IPV-Hib and almost all also received 

MMR vaccination. We actually made use of the timing of vaccination, rather than yes/no vaccination.  

 

Another reviewer also makes a valuable point about the role of infectious disease as the explanation 

for delayed vaccination for MMR as well as for DTP. This means that those who have delayed MMR 

may not have the beneficial non-specific effects of a live attenuated vaccine while those with delayed 

DTP do not have the deleterious non-specific effects of vaccination with an inactive vaccine. This 

raises an important question: Which method could be suitable to determine whether or not MMR 

vaccination indeed reduces risk of infectious diseases?  

We think it is difficult to study non-specific effects in observational studies. There could be a situation 

of a natural experiment in the sense that a country changes the vaccination schedule, and a before-

after analysis could be applied. But even then the results could be biased because of changes over 

time. Especially because non-specific effects probably won’t be that large, it is difficult to discern real 

effects and bias. So preferably, randomized controlled trials should be performed. For BCG an RCT has 

been performed in Denmark, which showed no evidence of non-specific effects. As far as we know, an 

RCT studying non-specific effects of MMR in high income countries has not been performed yet. 

However, such RCT could possibly give a definitive answer.  

 

In Table 2 the heading "vaccination 2" is confusing. Do you mean that they administer 2 vaccines at 

the same time? 

Yes, that is indeed the case. We changed the Table to make it more clear.  

 

Could you give some information on the international context with different vaccination schemes?  

Many European countries give a DTP containing vaccine around 12 months of age and thereafter a 

MMR vaccine at 15-18 months of age (source: ECDC: http://vaccine-schedule.ecdc.europa.eu/). 

However, there are also some countries that first give the MMR vaccine and then the DTP vaccine, for 

example Belgium (DTP at 15 months, MMR at 12 months), Hungary (DTP at 18 months, MMR at 15 

months), Poland (DTP at 16-18 months, MMR at 13 months), and Portugal (DTP at 18 months, MMR 
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at 12 months). It would be interesting to see the results of a similar analysis from these countries. We 

added information on different vaccination schedules in Europe in the discussion section (line 446).  

 

The way you classify the exposure groups is a little confusing.  The group defined as "DTP4 as most 

recent vaccination" will contain children up to date with their vaccinations and in addition will 

include some older children who have missed their MMR for a variety of reasons (eg parental 

reluctance, holidays, lost appointment, intercurrent illness).  The group defined as "MMR as most 

recent vaccination" will always be children who are completely up to date (and didn't have 

intercurrent illness etc etc).  It seems almost self-fulfilling that the latter group will be healthier.  

If it would be the case that the variation in timing of vaccination is random, i.e. not related to the 

outcome (in this case infectious disease hospitalization), this method of analysis would give unbiased 

results. So if reasons for the variation are holidays or a lost appointment, one should be able to get an 

unbiased estimate. However, we show that at least in our data the variation in timing of vaccination 

apparently is not random and does depend on the risk of infectious disease hospitalization. In the 

Dutch system where parents receive a scheduled appointment, the reasons for variation are probably 

more related to health status, and therefore the risk of infectious disease hospitalization, than in 

other countries where parents have to make an appointment themselves. Still also in these latter 

countries a part of the variation is probably related to delay as result of acute illness but it is more 

difficult to unravel this healthy vaccinee bias. 

 

It's almost as if the study is designed to demonstrate a bias rather than to explore non-specific 

effects of vaccination.  

A previous population-based study in Denmark, published in the JAMA, used the same methods to 

explore non-specific effects of vaccination. We aimed to reproduce these findings in another high-

income country but found large bias.  

 

Why didn’t you compare children vaccinated on time with DTP4 and those vaccinated on time with 

MMR.  (This analysis will still be confounded by age since the vaccines are scheduled at different ages 

but at least the reasons for vaccine delay or refusal will be ironed out a little more).  

Confounding by age is exactly the reason why this analysis will not be valid. As presented in Figure 2, 

the incidence of infectious disease hospitalizations decreases with age. From the data presented in 

Figure 2, it is possible to more or less deduce the estimate you would get when comparing children 

vaccinated on time with DTP4 and those vaccinated on time with MMR (IRR would be approximately 

~10/~15 = 0.67). However, it is not possible to discern age effects from non-specific effects in this 

analysis.  

 

A flow chart of who was included and excluded would be useful. 

We included a flow chart and refer to it in the methods section (line 189). 
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Reviewer: 1 

 

Comments: 

This is a competently conducted study with a clear write up. It provides data supporting the well 

known healthy vaccinee effect that can influence the risk of developing other non-vaccine related 

infectious diseases in the post-vaccination period. This topic has gained interest because of the work 

of a group of Danish researchers who  have claimed that the differences in admission rates for 

infectious diseases  between young Danish children who received their inactivated 

diphtheria/tetanus/pertussis containing vaccines on time followed by the live MMR vaccine 

compared with those who  have delayed receipt of their dip/tet/pertusss containing vaccine such 

that it is given after their MMR vaccine is evidence of non-specific immunological effects of live 

versus inactivated vaccines. The main focus of this debate however related to increased mortality 

arising from NSEs in developing country settings. I have only minor comments: 

 

Abstract: This gives no context as to the non-specific effects literature and the relevance of this study 

outside the Netherlands. Readers who are unfamiliar with the non-specific effects literature may be 

puzzled as to why this study was conducted when there is already recognition of, and a literature 

about, the healthy vaccine effect introducing bias in observational studies with vaccines. As written 

the abstract is rather parochial only referring to what happens in the Netherlands in relation to 

timing of the MMR vaccine. 

We rewrote the objective and conclusion of the abstract to better give the context as to the non-

specific effect literature and the relevance of this study.  

 

Methods: 

Line 125 Vaccination data.  It is stated that Praeventis “includes a record for each child in the 

Netherlands”.  How is this achieved – do no children slip through the net? How is it ensured that all 

children eligible for the NIP are registered in Praeventis?  

The register is linked to the population register. This means that children who are officially registered 

in the Netherlands are included in Praeventis. For that reason, Praeventis does not include children 

who are illegal in the Netherlands, but is otherwise complete. We added this information to the 

Methods section (line 144). 

 

Line 144. It is stated that only admissions that included an overnight stay are included in the analysis 

yet there are analyses in the results (para starting 273) that include day admissions. 

In the main analysis, we only included admissions with an overnight stay. We included all admissions, 

including the day admissions, in a sensitivity analysis. We clarified this in the methods section (line 

165).  

 

Results: 

Line 244. I did not understand what the words in the brackets (26% of all hospital admissions for 

infection) meant. Does this mean that 74% of all admissions for infection were  for < one day?  

Yes, this is indeed the case. We clarified this in the results section (line 279). 

 

Para beginning line 254. It is interesting that adjustment for likely confounders did not greatly affect 

the HR. This would have been interesting to discuss- what other unmeasured confounders might 

there be that could have such an effect on the HR? is it just the child’s general health? Did the 

authors consider looking at propensity to consult scores? Also some discussion as to why the non 

infectious outcomes, although affected in the same direction, had HRs that were about half those of 

the infectious outcomes.  

We do not have a good explanation why adjustment for the other confounders did not greatly affect 

the HR, although we saw the characteristics of the study population did not differ greatly between 

children vaccinated on time and too late with respect to previous hospital admission, chronic disease 
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and parental educational level. Also in the Danish paper, adjustment for confounders did not have a 

large effect on the estimates. We think that the child’s acute health status is an important reason to 

postpone vaccination and is also related to the risk of infectious disease hospitalization. In our data, 

we did not have the opportunity to look at the number of consultations, for example to the GP, 

although we plan to do this in the future by additional linkage of GP data (although this is not 

nationwide data).  

Acute health status may not have a direct association with hospitalizations for injuries or poisoning, 

in contrast to hospitalizations for infectious diseases, but it may be associated through, e.g. socio-

economic status. Therefore, the healthy vaccinee bias may be lower for non-infectious disease 

hospitalizations. We added this to the discussion (line 436).   

 

Discussion: 

Line 315. A potential limitation of this study is that MMR (live vaccine) was given with MenC  

(inactivated vaccine)  yet in most places in the abstract and elsewhere MMR only is referred to rather 

than MMR plus MenC. The Danish group’s hypothesis has now evolved into one that postulates that 

any beneficial effect of a live vaccine is negated by co-administration with an inactivated vaccine. The 

authors could mention this in the discussion and how this evolved hypothesis relates to their 

findings.  

It is true that we cannot exclude that potential beneficial non-specific effects of MMR were masked by 

the simultaneous co-administration of the MenC vaccine, as acknowledged in the discussion. We 

cannot repeat the analysis in children who did not receive the MMR and MenC vaccine 

simultaneously, because for these birth cohorts the available vaccination data are not detailed 

enough. 

 

Line 331: the authors hypothesize that deferral of vaccination is more likely in children that are prone 

to hospitalisation and that acute illness might be an unmeasured confounder. How would this affect 

injuries and poisonings? 

As mentioned before, acute health status may not have a direct association with hospitalizations for 

injuries or poisoning, in contrast to hospitalizations for infectious diseases, but it may be associated 

through, e.g. socio-economic status. 

 

Line 336: It would be relevant to mention here the BCG RCT in Denmark that failed to show any 

differences in admissions for infections in those who received BCG in the first week of life compared 

with those who received no intervention.  

We included results of the BCG RCT in Denmark (line 409).  

 

What this study adds: This is just a restatement of the main study findings and does not put them 

into context of the wider issue of non specific effects of vaccines.  

We rewrote the ‘what this study adds’ section (line 497). 
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Reviewer: 2 

 

MAJOR COMMENTS 

1: Delayed DTaP-IPV-Hib+PCV-4 vs. MMR+MenC: From the line 178 it appears that you excluded 

18,110 children who received the fourth dose of DTaP-IPV-Hib+PCV after MMR+MenC. In the Danish 

study, we performed an analysis comparing delayed DTaP-IPV-Hib (after MMR) with MMR. This 

analysis showed a higher rate of admissions for infection for those having received DTaP-IPV-Hib 

after MMR compared with those who did not get DTaP-IPV-Hib after MMR. We found that very 

interesting, since that is not compatible with healthy vaccinee bias being present for any additional 

vaccine. It would be very important to conduct the similar analysis in the Dutch data. Furthermore, in 

the discussion lines 340-354 where you discuss the Danish study it would be important to discuss 

that DTaP-IPV-Hib as an additional vaccine after MMR was associated with an increased rate of 

admissions for infection in Danish data and how that is compatible with healthy vaccinee bias. 

We performed this analysis as well. We included 44,653 children who received the MMR vaccine after 

the DTaP-IPV-Hib-3 vaccine. Of these children, 19,900 received the DTaP-IPV-Hib-4+PCV vaccine. Out 

of 44,653 children, 677 were admitted to the hospital for infection. We observed an adjusted hazard 

ratio of 0.85 (95% CI: 0.70 – 1.03) for DTaP-IPV-Hib-4+PCV as most recent vaccination, compared with 

MMR as most recent vaccination. This confirms the observation that receiving an additional vaccine is 

associated with a reduced risk of hospital admission for infection, although not significantly. As we 

think it is a very specific and relatively small group of children receiving this ‘reversed schedule’, we 

decided not to include it in the manuscript.  

We added in the discussion section that DTaP-IPV-Hib as an additional vaccine after MMR was 

associated with an increased rate of admissions for infection in Danish data (line 387). 

 

2: Analyses of different types of infections: In the Danish study, we found that the association 

between MMR and admissions for infection was significantly stronger for lower respiratory infections 

than for other types of infections. You also make an analysis on different types of infection in the 

comparison of MMR+MenC and DTaP-IPV-Hib+PCV4. It appears that the association is significantly 

different for different types of infections, being strongest for upper and lower respiratory tract 

infections (supplementary Table 4). This is very similar to what is seen in the Danish study, and is not 

likely explained by healthy vaccinee effect. Please make the formal tests and comment.  

It is very important to see a similar analysis for the comparison DTaP-IPV-Hib+PCV4 vs DTaP-IPV-

Hib+PCV3. If there are similar differences by type of infection, it would point towards bias; if the 

DTaP-IPV-Hib+PCV 4 vs DTaP-IPV-Hib+PCV 3 effect is similar for all types of infection it would suggest 

that the differences observed for MMR+MenC vs DTaP-IPV-Hib+PCV 4 are due to non-specific effects, 

which are strongest for respiratory infections, as seen in several other studies.  

We performed the analyses by type of infection for DTaP-IPV-Hib-4+PCV vs DTaP-IPV-Hib-3+PCV (see 

results below). In this analysis, the hazard ratios were clearly not lower for respiratory infections 

compared with gastrointestinal and other infections, possibly pointing towards non-specific effects as 

suggested by the reviewer. We added these results to the supplementary table 5 and the results 

section (line 346) and discuss these in the discussion supporting the presence of non-specific effects 

(line 419).  

 
Table. HR (95% CI) for hospital admissions (>1 day) due to infectious disease according to the most recent 

vaccination (fourth vs. third DTaP-IPV-Hib+PCV) by type of infection 

 

Type of infection 

 

Most recent 

vaccination 

 

Events / person-years 

Hazard ratio (95% CI)
1 

Crude Fully-adjusted
2
 

Upper respiratory DTaP-IPV-Hib-3+PCV 3,965 / 641,526  1.00 1.00 

 DTaP-IPV-Hib-4+PCV 1,259 / 232,558 0.65 (0.56 to 0.74) 0.72 (0.62 to 0.82) 

Lower respiratory DTaP-IPV-Hib-3+PCV 3,149 / 641,709 1.00 1.00 

 DTaP-IPV-Hib-4+PCV 934 / 232,751 0.69 (0.59 to 0.81) 0.79 (0.67 to 0.92) 

Gastrointestinal DTaP-IPV-Hib-3+PCV 4,834 / 641,230 1.00 1.00 
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 DTaP-IPV-Hib-4+PCV 1,483 / 232,337 0.68 (0.60 to 0.78) 0.70 (0.61 to 0.79) 

Other DTaP-IPV-Hib-3+PCV   1,725 / 642,120 1.00 1.00 

 DTaP-IPV-Hib-4+PCV 475 / 233,086 0.57 (0.45 to 0.71) 0.59 (0.47 to 0.74) 
1 

Hazard ratios from Cox regression with age as underlying time scale and stratified for date of birth  
2
 Adjusted for sex, chronic disease, hospitalization for any reason between age 8 and 9 months, birth weight, 

gestational age, maternal age and parity, parental country of birth, and postal code. 

Abbreviations: CI, confidence interval; DTaP, diphtheria-tetanus-pertussis (acellular); Hib, Haemophilus influenzae 

serotype b; IPV, inactivated polio vaccine; MenC, meningococcal disease serogroup C; MMR, measles-mumps-

rubella; PCV, pneumococcal conjugate vaccine. 

 

3: Innovative observational studies from different settings: In the discussion, the authors argue that 

observational studies are prone to healthy vaccinee bias (several places in the discussion) and they 

raise concern for past and future observational studies (lines 336-339). In the last lines of the 

manuscript, they conclude that observational studies of non-specific effects of vaccines should be 

interpreted with great caution (lines 402-404). I agree that any observational study should be 

interpreted cautiously and that no one study can stand alone. Therefore, the current study cannot be 

used as an argument to say that all observational studies of non-specific effects of vaccines are of 

very low value. Each setting is unique and might hold different forms of biases.  

 

In the Dutch setting healthy vaccinee bias is evidently very important because all children have pre-

sceduled vaccination appointments so that 99.6% of all children received MMR+MenC vaccine, and 

judged by Figure 2 it was clearly the sick children who were not vaccinated on time. This would 

create a strong healthy vaccinee bias, or one could rather say a very strong “unhealthy unvaccinee 

bias”, as also witnessed by the very strong effect estimates observed.  

 

In a setting like the Danish, parents have to schedule the vaccination appointments themselves and 

therefore the group of children not vaccinated on time are much more diverse (as recognized in the 

current study lines 343-354) and in the Danish study, it was not even 90 % who were MMR 

vaccinated before 24 months of age.. Hence, unvaccinated children are not a selected group of ill 

children, as also witnessed by the fact that in the Danish study, admissions for infections did not 

increase in the “unvaccinated” children.  

 

Thus, the healthy vaccinee bias observed in the Dutch study should not be used to conclude that all 

observational studies of vaccines suffer from the same degree of healthy vaccinee bias and should be 

discouraged.  

 

In addition, it is important to recognize that there are different observational study designs with 

different strengths and limitations. For instance, termination or introduction of vaccines, changes in 

age of vaccination or vaccination shortages could be used as natural experiments to examine non-

specific effects of vaccines.  

 

Therefore, instead of disregarding any type of observational study in any setting, I would recommend 

innovative observational studies in many different settings along with randomized trials. Regarding 

randomized trials, it is important to recognize that randomized trials is not always feasible or ethical 

(withholding a recommended vaccine in a randomized trial will be regarded as unethical). 

We do not say that all observational studies on non-specific effects are of very low value. We do state 

that results of observational studies on non-specific effects of vaccination should be interpreted with 

caution. We agree that in the Dutch situation, healthy vaccinee bias could be demonstrated clearly 

because of our system. In other settings, the degree of healthy vaccinee bias is uncertain. However, 

our results show that healthy vaccinee bias can have considerable impact on the estimated hazard 

ratio. This implies that although in other settings the impact might be less, it can still have a (not 

measurable) impact which makes interpretation of the results of such studies challenging.  
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4: DTP may be associated with increased mortality in the SAGE review: In the introduction lines 97-

102 the authors write that the SAGE review showed that “DTP vaccination may be associated with an 

increase in all-cause mortality”. If healthy vaccinee bias lead to beneficial effects of any additional 

vaccine it can not explain why DTP should be associated with increased mortality. It would be 

interesting if the authors elaborated on that issue in the discussion. 

In our study population, we did not see a harmful effect of DTP vaccination when comparing children 

who received DTP vaccination after MMR vaccination.  

 

MINOR COMMENTS 

 

Throughout the paper the authors referrer to “risks of hospital admissions for infections”. However, 

they use a Cox proportional hazard model estimating hazard ratios. The hazard ratio is the ratio of 

hazards, which is the instantaneous rate of events. Thus, I would encourage the use of phrases like 

“rate of hospital admissions for infections” instead of “risks of hospital admissions for infections” etc. 

Or alternatively state why you interpret it as risks (rare outcome?) 

We changed “risks” into ”rates” throughout the paper.  

 

Throughout the paper: Abbreviations for vaccines: It would be valuable if the same abbreviations is 

used in the text, tables and figures all the way through. For clarity and comprehensiveness, I would 

recommend that you use the entire information on the vaccines you compare. That is DTaP-IPV-

Hib+PCV and MMR+MenC.  

We now use the same abbreviation throughout the manuscript and use the entire information on the 

vaccines we compare. Note that about 99% of all children received PCV simultaneously with the 

DTaP-IPV-Hib vaccines and the MenC vaccine simultaneously with the MMR vaccine. We included this 

information in the results section (line 268).  

 

Lines 48-49: I suggest a rephrasing of the main outcome measure to: “Hazard ratio (HR) of 

hospitalization for infection comparing MMR with DTaP-IPV-Hib-4 as most recent vaccination” or 

something similar. 

We rephrased the main outcome measure (line 52). 

 

Line 51: What is “hospitalized at 8-9 mo”, 1 month or 2 months?  

It is hospitalized at 8 months of age. We clarified this in the methods section (line 224).  

 

Line 59: Should “DTaP-IPV-Hib” be “DTaP-IPV-Hib-4”? 

We changed this the abstract (line 64). 

 

Line 90: Should DTP be “DTaP-IPV-Hib”, which is the comparison vaccine in the referenced papers. 

We changed this (line 98).  

 

Line 115-116: I suggest rephrasing the sentence slightly: “Table 1 shows the recommended vaccines 

included in the NIP in the first 24 months of life and Supplementary Table 1 shows the years of 

introduction into the NIP”. 

We changed this (line 128).  

 

Line 121: The abbreviation for measles, mumps, and rubella vaccine have already been introduced 

and might be used here. 

We changed this (line 136).  

 

Lines 115-122 and table 1 and supplementary table 1: As outlined in the introduction of this paper it 

is often hypothesized/observed that live vaccines are associated with beneficial non-specific effects, 

while inactivated/non-live vaccines are associated with deleterious non-specific effects. Therefore, it 
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would be a help to the reader if the authors clearly state which vaccines are live and which are 

inactivated. 

We added this information to the methods section (line 137). 

 

Lines 129-131: It would be informative with more information on these invitation letters. E.g., do the 

letters include invitation for a specific time-slot or do the parents have to call and schedule the 

vaccination appointment themselves? 

The parents get an invitation for a specific time-slot to the healthy children clinic. During the visits to 

the healthy children clinic also growth and development of the child are checked. We added more 

detail on the invitations letters in the methods section (line 149).   

 

Line 138: Why did the coverage of all hospital admissions decrease from 3% missing to 25% missing? 

The hospitals voluntarily supply hospitalization data to the register and an increasing number of 

hospitals decided not to supply these data anymore. 

 

Lines 157-159: Not clear why linkage to the Municipal Personal Records Database was done. Was it 

to get information on date of birth to be able to link with the other registers? I suppose date of birth 

was also necessary for the analyses? 

The population register (Municipal Personal Records Database) is the main database to which all 

databases are linked to get a unique pseudonymized number on which the different databases can be 

linked. Date of birth is obviously necessary for the analyses but was already available in the 

vaccination register. We clarified this in the methods section (line 176). 

 

Lines 168-180: I suggest making a flow diagram of the exclusion/inclusion process and leaving out 

some of the text. A flow diagram will make the hierarchy of the different inclusion/exclusion criteria 

more clear for the reader. 

We included a flow chart and refer to it in the methods section (line 189). 

 

Lines 193-195: You write chronic diseases are defined at baseline, without stating or previously 

having stated what you regard as baseline. Intuitively, I imagined baseline was the age of inclusion 

(decided by the age of receiving DTP-4). However, for the variable “hospitalization for any reason in 

the month before baseline” baseline appears to be defined as 9 months. Is this also the case for 

chronic diseases? 

The variable chronic diseases is based on hospital admissions for specific ICD codes (see 

supplementary Table 3) from birth to 9 months of age. We clarified this in the methods section (line 

221). 

 

Lines 194-196: What information/potential confounder do you propose to capture with the variable 

“hospitalization for any reason in the month before baseline” (Here defined as hospitalizations 

occurring between 8-9 months of age)? Did you consider to include a variable for hospitalizations for 

infections before inclusion (inclusion is age of vaccination and depend on the vaccines compared in 

the different analyses) as a measure of previous infectious disease morbidity and maybe a time-

varying variable for recent hospitalizations? 

We thought we would capture a ‘vulnerable’ group of children with this confounder and therefore we 

did not include only infections but also other causes of hospital admissions. We think including a time-

varying variable for recent hospitalizations would not affect the results that much because of the low 

numbers. 

 

Line 198: It is unclear how postal codes are related to population density? 

We agree that this is not very clear so we removed the link to population density. We still include 

postal code as a covariable to adjust for possible regional differences.  
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Lines 199-200: It is unclear how you have performed the analyses for different types of infections 

and perhaps stratified analyses would not be the right description? Judging from the results, I get the 

impression that you have done separate analyses for each type of infection and censored children 

who were admitted for other types of infection than the one in focus (competing events analysis)? Is 

this correct? 

We only investigated the infection of interest at each analysis, thus children were not censored when 

admitted for other types of infection than the one in focus. Children were censored at the age of 

death, age 24 months, age of emigration, or age on 31 December 2012, whichever came first (similar 

to our main analysis). Person-time was calculated specifically for each type of infection. 

 

Table 3, page 24: The outcome “all infections” is it admission for infections > 1 day? Is the analyses 

from the model with age as underlying time-scale and stratified by day of birth? If so, please include 

it in the footnote for clarity and full understanding of the model used. If it is also the case for the 

crude HR, please also include a footnote for that estimate. (This applies to all Tables having footnotes 

on the model). 

The outcome all infections indeed refers to admission for infections >1 day. We clarified this in Table 3 

and changed ‘all infections’ into ‘infections’. We added a footnote to Table 3 and to the tables in the 

supplementary file describing that hazard ratios were obtained from Cox regression with age as 

underlying time scale and stratified for date of birth. 

 

Lines 259-260: It would be important to see the estimates from the analyses of effect modification; 

please include them, potentially as a supplementary table. 

We included these estimates in a table in the supplementary file (supplementary table 4).  

 

Line 263: is it an adjusted HR? 

Yes, this is an adjusted HR. We clarified this (line 301). 

 

Line 267-269: The percentages add to more than 100. Probably some children are coded with several 

types of infection during hospitalization?  

Yes, that is indeed the case. 

 

Line 324-325: The sentence starting with “Our findings…” seems a bit misplaced. Maybe it would fit 

better together with the arguments at the end of the paragraph? 

We agree and put the sentence at the end of the paragraph (line 383). 

 

Lines 340-354: With regard to differences, it is also worth mentioning here that the Danish study 

used MMR only, not MMR+Men C, and in addition that you have used a quite strict definition of 

hospital admissions, focusing on the only 26% of the hospitalizations which lasted at least 1 day. This 

gives you a rate of 14/1000 pyrs in the control group. In comparison the Danish study had a rate of 

124/1000 pyrs in the control group – almost 10 times higher. 

We added to the discussion section that the Danish study used MMR only and not the combination of 

MMR and MenC vaccination and that that could explain the different findings between the two 

studies (line 441). With regard to the hospitalization rate, we cannot think of a reason why the 

baseline hospitalization rate would influence the presence or absence of non-specific effects. 

Moreover, we also performed a sensitivity analysis in which also day admissions were included 

(supplementary table 5). We found an adjusted HR for infections of 0.40 for MMR vs DTP-4 and 0.48 

for DTP-4 vs DTP-3. So with this outcome we found even stronger healthy vaccinee bias.  

 

Lines 355-357: There is a number of randomized trials (mainly from low-income countries) that have 

shown substantial non-specific effects. It might be appropriate to mention here. 

We included this in the discussion section (line 404). 
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Lines 357-359: You use the overlapping CI of the estimate for MMR+MenC vs DTaP-IPV-Hib4 and 

DTaP-IPV-Hib 4 vs DTaP-IPV-Hib3 as an argument that healthy vaccinee bias can explain most of the 

effect. However, it is perhaps worth noting that the interaction test was 0.09 – and if one uses all 

admissions, it is <0.001. 

We think this is quite indirect evidence and we are hesitant to statistically compare the HRs of these 

different groups of children. We think we cannot exclude any non-specific effects with the results from 

our study but it is hard to disentangle possible non-specific effects from bias. We added this to the 

conclusion (line 485). 

 

Figure 2: From the two parts of the Figure, it appears that the rate of hospitalizations for infections is 

not quite the same for DTP-4 in the same age group. For instance at 12 months it appears to be 

above 15 per 1000 person years in the first part of the Figure, but below 15 per 1000 person years in 

the bottom part. 

This is because the groups of children used to calculate these rates slightly differ. The follow-up starts 

at a different moment for these two groups of children and therefore children can be censored in the 

lower figure and still present in the upper figure.  

 

Supplementary table 5: In the last two rows (all infections) the rate is much higher in the DTP-4 than 

in the DTP-3 group. Is this correct? It does not appear to match with HRs, which says relatively lower 

rate of hospitalizations for infections in the DTP-4 group. The Table should also include results for the 

different types of infections for the comparison of DTP-4 vs DTP-3, so it is directly comparable with 

the MMR effects. 

It is indeed true that the unadjusted rates are much higher in the DTP-4 than in the DTP-3 group. 

However, the HR is adjusted for age and for this analysis, adjustment for age has a large influence on 

the estimate.  

We included results for the different types of infections for the comparison of DTP-4 vs DTP-3 in 

supplementary table 5. 
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Reviewer: 3 

 

Comments: 

Michael Kundi, Medical University Vienna 

Doubtless the research question addressed in the manuscript is of great importance. It was clear 

after the WHO commissioned reviews about non-specific effects of mass vaccinations were published 

that the many open questions they delineated need attention by the scientific community and that 

further studies are warranted. This large population based study may contribute essentially to 

answer some of these questions although I’m not fully convinced that the methods chosen will give 

results that can be useful for the interpretation of those obtained for MMR vaccination in general. 

 

The study selected all children born between 2005 and 2011 in the Netherlands that received all 4 

penta- or hexavalent DTP containing vaccinations according to the national immunization plan that 

could be linked to databases for the inclusion of covariates. The main endpoint was a hospital 

admission for an infectious disease after receiving either the reference vaccination (DTP-4) or the 

MMR vaccination. The time variable for the Cox proportional hazard model was age, with children 

entering the model at the age of receiving DTP-4. Adjustment were made for sex, chronic diseases, 

hospitalization for any reason between age 8-9 months, birth weight, gestational age, maternal age 

and parity, parental country of birth, and postal code. MMR vaccination was included as time-

dependent variable. The model is ambiguously described (see below) but it is clear that the 

parameter estimate for MMR will strongly depend on the declining trend of hospitalizations with 

increasing age. This is the most serious problem inherent in the study design and rooted in the 

sequential nature of the vaccination plan. This plan assigns MMR vaccination after DTP-4 at age 14 

months. Therefore, the chosen method will give the hazard ratio of hospitalization for infection in 

those children that had a delay in administration of the MMR vaccine. Now there are some trivial 

reasons for delaying MMR vaccination such as moving of the family and therefore not receiving the 

invitation, vacation etc. but in many cases it will be a serious febrile disease, which constitutes a 

relative contraindication for the MMR vaccination. Hence the hazard ratio estimated is nothing else 

than an estimate of the inverse of the hazard ratio that children whose MMR vaccination was 

delayed get hospitalized. Since delay occurs due to febrile diseases in many cases it is to be expected 

that there is an increased likelihood for hospitalization. Hence the increased incidence for those 

having not yet received MMR vaccination at the scheduled age of 14 months reflects the distribution 

of reasons for delaying MMR vaccination. In principle the same holds for the analysis of the control 

condition DTP-4 against DTP-3. Also a delay of DTP-4 is often due to febrile diseases. Therefore it is 

not unexpected that the analysis revealed an increased hazard for delayed DTP-4 vaccination (and 

consequently a reduced hazard for a timely application). Hence, in my opinion, the authors are quite 

right in attributing the observed reduction of risk for MMR as the most recent vaccine to a healthy 

vaccinee bias. Which method could be suitable to determine whether or not MMR vaccination 

indeed reduces risk of infectious diseases? Maybe a case-crossover design would be more suitable. 

However, no restriction concerning timing of MMR vaccination should be applied, including 

vaccinations also before the recommended age and especially including those receiving MMR before 

DTP-4. 

 

I assume that in the Netherlands two MMR vaccinations are provided in the NIP. At which age is this 

2nd MMR scheduled? Was the time of the 2nd MMR considered as well?  

In the Netherlands, the 2
nd

 MMR is schedules at 9 years of age. As the hospitalization rate for 

infections in this age group is really low, we did not consider the 2
nd

 MMR.  

 

Specific comments 

1. Fig 1 has not been referenced 

We now refer to Figure 1 in the results section. 
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2. Line 176: Why were children excluded that received the MMR vaccine before age 12 months. 

We excluded these children because they received the MMR vaccine earlier than recommended in 

the Netherlands. The main reason for early MMR vaccination is travel to high risk countries. In 

addition, during the 2013/2014 measles outbreak in the Netherlands (Knol et al, Eurosurveillance 

2013; Woudenberg et al, Eurosurveillance 2017), children living in low vaccination coverage areas 

were recommended to get an early MMR vaccination.  Children who receive an MMR vaccine 

before 12 months are recommended to receive another MMR vaccine at 14 months. In our study 

population, 44,965 children received the MMR vaccine before age 12 months. Of these 44,965 

children, only 2745 received the MMR vaccine after the fourth DTP vaccine. When including these 

2745 children in the analysis, the hazard ratios did not change. We prefer to exclude children who 

received an early MMR vaccination because they followed a different vaccination schedule than 

the rest of the study population. We added this explanation to the methods section (line 198). 

 

3. Line 180: Children with immune deficiencies that are contraindications for life attenuated 

vaccinations such as MMR should be excluded. 

We only have ICD codes for hospital admission and no information on treatment so we do not 

have enough information to exclude all children with immune deficiencies that are 

contraindications for MMR. In general, we think this is a very small group of children and won’t 

affect our results. Moreover, when excluding children who did not receive MMR vaccination at 

the end of the study periods, the results remained unchanged. 

 

4. Line 192: It is stated that analyses were stratified by date of birth but in line 200 it is mentioned 

that stratification was by birth year. What does this mean? If stratification was by date of birth 

this would include year of birth and a further stratification makes no sense. I suggest to provide 

the model equation in the supplementary material. 

Within the Cox regression model we included a statement stratifying for date of birth to adjust for 

confounding by calendar year or season. We now provide the SAS code for the model in the 

supplementary material. In addition, we stratified the analyses by year of birth to assess whether 

the hazard ratio differed by year of birth, i.e. to explore effect modification. So the stratification 

by date of birth within in the Cox regression model had the aim to adjust for confounding and 

stratification by year of birth had the aim to look for effect modification. 

 

5. Line 315: The reduction of 14% is not in line with Table 3, check! 

This should indeed be 16%. We changed this (line 356). 

 

6. Table 2: Add ‘of the child’ in the entry for ‘Chronic disease’ 

We added this to Table 2.  

 

7. Figure 2: Make clear what the incidences for MMR, DTP-4 etc. actually represent. E.g. DTP-4 

incidence in those children having not yet received MMR vaccination at the respective month. 

Furthermore, explain the abbreviations (e.g. MMR…MMR+MenC) 

We added an explanation of what the incidences represent to Figure 2. We added an explanation 

of the abbreviations to all tables and figures.  

 

8. Supplementary Table 1: Change ‘Introduction of diseases…’ to ‘Introduction of vaccinations 

against specified diseases…’ 

We changed this in supplementary table 1.  

 


