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Major:  Logistics appear to be insurmountable. Insufficient details on methods to be employed (eg., flow cytometry used to 
calculate sample size but no flow cytometry mentioned in the methods so whole study appears to be unfounded).  
Thank you for your comment. We have added details on the laboratory methods that we plan to use in Appendix 
G, so that the feasibility of the protocol can be better understood.  
 
Restriction of participants and no studies on index case could severely undermine the study. Genotyping of isolates needed to 
assist transmission studies. Too much blood requested which then limits ability to study populations most at risk.  This reduces 
the ability to make significant discovery. General:  Appears to be a fishing expedition and too imprecise to be practical.  A pilot 
study appears to be needed first to pinpoint exactly what should be studied. Correlates of protection have been studied for HIV-
1 for over 30 years to no avail. Also perhaps should conduct study on hospitalized index cases to reduce logistical issues. Please 
see attached synopsis for more details on concerns and issues and recommendations.  
We agree that the logistics for this study are very challenging, which is the main reason that a study like this has 
not yet been performed. This makes the results potentially more important and impactful. We believe that we 
have mitigated logistics concerns as much as possible by pre-planning the study methods, so when an outbreak 
strikes we are ready to commence the work.  
We chose not to study the index case because studies performed by others have already elucidated the immune 
response during pertussis infection (please see Higgs et al., 2012 and Mills et al., 2001), so we felt this would not 
be a justifiable study or a prudent use of resources. What is lacking is a study that elucidates elements of the 
immune response that are protective. Since household exposure is the most common route of pertussis 
transmission, we do not feel that genotyping to assist in transmission studies is necessary.  
We agree that restricting participants to those nine years and older and the quantity of blood requested is a 
limitation of our study. We have therefore amended the manuscript and lifted the absolute age-restriction of ≥9 
years. However, it was the view of several experienced researchers in the team that including young children in 
their institutions would be unlikely to be approved. We have also elaborated on the ethical and logistical issues of 
obtaining invasive biological samples from children (lines 143 - 151). 
We agree that a pilot study would be helpful for determining which aspects of cell-mediated immunity are the 
most relevant for protection from pertussis. However, conducting a pilot study has been challenging because no 
jurisdictions in Canada use serology for diagnostics, so blood/sera is not routinely collected on pertussis cases. 
Furthermore, obtaining funding for a pilot study would be very challenging considering we do not know where in 
Canada the larger study would be carried out, as the final location may determine some of the logistics. Although 
we continue to try to pilot the study, an alternative would be to nest a pilot study within the larger study. (Since 
PBMCs must be frozen down before shipping anyway, giving us time to complete the pilot work). We have added 
text in the manuscript (lines 204 – 205) to reflect this. With the above said, although a pilot would certainly be 
helpful, we do not feel that this should not affect a decision about publication of a protocol for a larger study. 
 
1. Ethics approval appears to severely limit the possibility of success. The CIRN needs to petition PHAC for a pan-Canadian ethical 
approval for protocols developed by CIRN and/or PHAC for investigation of infectious disease outbreaks (one national and not 
several dozen at the local level) before study is initiated and to address the issue of setting up the network. 
We thank Dr. Laderoute for the feedback and attached synopsis. We disagree that issues related to ethics 
approvals limit the possibility of success for our study. Even if we were to obtain national-level ethics approval 
(for example, by the Health Canada/Public Health Agency of Canada Research Ethics Board), we would still be 
required to obtain approval at the local level. We believe that we have already mitigated this issue by submitting 
our study for a full board review at Public Health Ontario’s Ethics Review Board to identify any issues ahead of 
time. In addition, several jurisdictions have expedited processes for ethics approval during outbreaks, and such 
approval would be facilitated by the existing PHO approval.      
 
2. Large metropolitan centres need to have dedicated resources at designated centres (hubs) to carry out sample collection, 
preparation and/or testing IN ADVANCE of starting the protocol. This could be carried out in collaboration with PHAC. Relying 
on graduate students for weekend and evening work is not appropriate [line 44]. Has funding been identified for such? If not, 
insufficient funding will surely limit success at the get-go. 
Laboratories exist in most, if not all, large metropolitan centres that are able to conduct pertussis PCR testing and 
CBC/WBC count testing. Other specialized testing, including cytokine expression, measurement of cell- mediated 
immune responses and IgG subclass analyses would be conducted at specialized immunology laboratories, likely in 
a university setting (for example, the laboratory of Dr. Jun Wang, who is a co-investigator for this study, at 
Dalhousie University in Halifax). As explained in point #4 of Appendix A, samples would be processed to isolate 
PBMCs, frozen and shipped from the central laboratory to the specialized laboratory. The sentence about having 
staff ready (including possibly graduate students) stemmed not from an inability to pay for this work, but rather 
because timelines are tight for preparing the samples. To clarify, we have removed the example in brackets in 
point #4 of Appendix A. 
In terms of identifying funding for study activities, funding related to outbreak response work is usually released 
by provincial or federal jurisdictions only when an outbreak occurs. We believe that our work on this protocol 
maximizes the chances of obtaining funding when an outbreak occurs.  
 
3. Consideration should be given to supporting the testing at PHAC or a central lab with local sample preparation. This way the 
standardization of methods, storage, access and procedures can be developed and monitored. 
It is very likely that a central laboratory will perform either all testing or PCR and CBC/WBC testing as well as PBMC 
isolation and freezing, with a specialized immunology lab performing the cellular immunity work. However, in an 
effort to remain flexible (as we don’t know where in Canada the next sizable outbreak will occur) we have 
refrained from making plans that are too specific. 
 



4. NB: methodology is not given in sufficient detail in current protocol and unable to evaluate if sample volumes/types are 
sufficient or not. Current protocol is for about 52 mls of blood in possibly 9 tubes plus nasopharyngeal swabs {Table 2, page 
17/18}. This appears to be excessive. 
We have added more information on the laboratory testing methodologies in Appendix G. PCR testing of 
nasopharyngeal swabs is the standard method for B. pertussis diagnosis across Canada. Most of the blood 
collected as part of this study is for PBMC isolation. We have asked for this amount of blood because there is 
variability in the quantity of PBMCs that can be recovered for different individuals. In addition, there may be 
variability in PBMC recovery depending on the blood tube manufacturer, the nurse performing the phlebotomy, or 
if there are unforeseen delays between sample collection and freezing. We have therefore erred on the side of 
caution to enable us to complete the study without unforeseen obstacles.   
 
5. The study appears to be a fishing study with no idea of what could be relevant. 
This is too much blood for a fishing study.  
We respectfully disagree. A thorough investigation is required to meet the research aims of this study. If this were 
not the case, we would already know what is required for a future pertussis vaccine and would not need to 
perform this work.  
 
6. Should try to do a pilot on 10 cases (eg., 5 severe versus 5 less sever) to work this out using for example NPS or BAL. 
As written above, we agree that a pilot study would be helpful for determining which aspects of cell-mediated 
immunity are the most relevant for protection from pertussis.  
 
7. Wonder if only hospitalized index cases should be studied and household contacts come to hospital for blood collection and 
sample preparation during regular working hours to ensure less samples are spoiled. 
We respectfully disagree; a study of hospitalized index cases would not answer the research question. We believe 
that a household study is the preferable methodology for this protocol. The ability to send study nurses into the 
household was an important consideration for this study. Requiring all household members to travel to hospital to 
provide samples would lower our recruitment rate significantly. Furthermore, severe pertussis that requires 
hospitalization is usually limited to infants, limiting the age range of household members we would recruit which 
is a real issue when waning immunity becomes most evident in older school aged children. Limiting to index cases 
also would lose the ability to prospectively determine who gets sick.  We have given much consideration to the 
logistical aspects of our study, and we are not concerned that samples will be spoiled. We aim to freeze down 
PBMCs within six hours of collection. As such, we have indicated in our feasibility criteria that the boundary of 
participating households must be up to three hours’ travel time from the laboratory that would be freezing down 
PBMCs (three hours maximum for travel and three hours maximum for processing time) (see Appendix A and 
“Study initiation and feasibility criteria” section). 
 
8. It remains unknown if cell mediated immunity will be shown to be a correlate of risk/protection for pertussis. While there is 
emerging evidence for a Th1/Th17 response over a Th2/Th17 for protection against pertussis, other lines of evidence also support 
innate immunity components. As well, in general, antibody responses are associated with prevention of infection whereas 
cellular immunity may be more relevant to duration and symptomology of disease. However the WHO reports there has not 
been a correlation of antibody or type with protection against pertussis [2]. It is not clear as to whether differences in Th17 cells 
as a % of PBMC or CD3 or CD4 positive cells will or will not correlate with reduced transmission. 
We agree with Dr. Laderoute that at this point the correlate of protection for pertussis remains elusive. We believe 
that speaks to the importance of a comprehensive study like the one described in our protocol.  
 
9. Transmission studies will need genomic sequencing of isolates including the index case. However the index case is not under 
study. 
Due to the infectious nature of pertussis and the close contact between household members, we would expect 
that isolates of cases within one household would have an identical genetic sequence. However, even if 
transmission occurs from outside the household, this would still indicate that the individual was susceptible to 
pertussis, which would not allow us to determine the immunological indicators that are associated with 
immunological protection and a reduced risk of disease.  
 
10. The premise for doing the study is not necessarily sound. It is not necessarily a given that a better vaccine needs to be 
developed or that a pertussis vaccine should be used at all. There is some suggestion that natural immunization may be best. 
Potentially the risk to infants under 1 year of age, might be reduced by immunization of the mother during pregnancy. On the 
other hand, in Canada and also the US, the very low death rate ascribed to pertussis, (up to 4 per year in Canada), could pertain 
to lack of access to antibiotics or other confounding factors. 
We strongly disagree with Dr. Laderoute on this point. The primary purpose of the pertussis vaccine is to prevent 
morbidity and mortality in infants (see WHO pertussis position paper, 2015). The suggestion that perhaps pertussis 
vaccine should not be used at all and that “natural” immunization (which we take to mean infection) would be 
preferable is very troubling. The low pertussis mortality rate ascribed to Canada and the US is certainly not a 
justifiable reason for discontinuing an immunization program. It is true that maternal immunization has been 
shown to be an effective means of protecting infants who are too young to be immunized. However, due to 
several factors outside the scope of this discussion maternal immunization is not a perfect solution, and at this 
time is not a recommended strategy in Canada unless there is an outbreak.  
 
11. Are there reliable vaccine registries across Canada? CIRN may need to petition for national registries so that proper data can 
be accessed and correlated as part of setting up the network. 
Unfortunately there is no national vaccine registry, nor is there a registry in every province. We are continuing our 
efforts to advocate for vaccine registries as we agree that Canada is lacking important data relating to who is 
being vaccinated. However, given the constitution of Canada it is extremely unlikely that a national registry will 
ever exist. 
 
12. Protocol admits potential problems with feasibility issues {line 294} and significant logistical problems {line 275} which could 
be insurmountable and it is not clear in the protocol if these issues have been or will be addressed in advance. 
We disagree that the feasibility issues outlined in the protocol are insurmountable. Every research study has 
limitations, and CMAJ Open requires that we discuss these in our Interpretation section (see manuscript 
preparation guidelines here). A well-thought out protocol underscores any potential issues that cannot be 
completely mitigated ahead of time to maximize the chances of success, and our group has discussed feasibility 



and logistical considerations at length. We have also developed feasibility criteria to ensure that these logistical 
issues are not insurmountable and maximize the chance of success. Line 275 of the original submission (currently 
line 251) discusses these considerations, as does Appendix A. We have deleted the text previously in line 294 in 
order to reduce the word count of the manuscript. 
 
13. Vaccine efficacy has been studied in children under the age of 6. However, none of the participants in this protocol are 
under the age of 9 and moreover the index case is excluded from the study. There are various reports suggesting transmission in 
households is from the parents or from older siblings. Many older siblings may be under the age of 9. Therefore, many 
informative participants might be excluded and this may serve to further undermine the study. 
We agree that excluding those under the age of nine years from our study is not optimal, as noted by both Dr. 
Laderoute and Dr. Steiner. As such, we have amended the manuscript to state that rather than restricting 
participation of younger children in the study, we will adhere to the requirements of the local Research Ethics 
Board of the jurisdiction in which the study takes place (lines 143 - 151). The index case is excluded because they 
are already sick and therefore cannot contribute to determining which factors protect against the development of 
infection.  
 
14. It is unclear to me as to whether 9 to 18 year olds can provide written informed consent, and thus, using this as a criteria to 
exclude people under the age of 9 appears to be ill-founded. Instead the volume of blood and number of tubes could be 
intimidating more generally and could discourage participants. One should try to focus the investigation to very precise tests 
requiring little sample. 
We checked with the Public Health Ontario Ethics Review Board on this point, and there is no standardized 
minimum age for providing consent and/or assent.  
 
15. As an alterntive to point 6, I wonder if one shouldn’t just start with NPS/BAL and ELISA in a pilot study for examining various 
cytokines initially (with no exclusion criteria) on 10 index cases, 10 asymptomatic and 10 symptomatic pertussis (doesn’t even 
have to be same household). [See Hammoud et al, 2017 for details]. Could also test for evidence of HERV-K102 particles by real-
time PCR ratios on DNA extracted (where each sample is calibrated as a ratio to genomic DNA present which controls for 
variable sample volumes and therefore allows quantitation). From the pilot study might obtain variables worthy or further study 
to achieve the goal of this protocol and to better estimate sample size. 
As stated above, we agree that a pilot study would be helpful for determining which aspects of cell-mediated 
immunity are the most relevant for protection from pertussis. We will continue to look for means to pilot the 
study, or alternatively we will nest a pilot at the beginning of the study. 
 
Sample Size Calculations: {line 228}. 72 cases within 72 unique households. Comments: I found it curious that the data is not 
provided nor the calculations for how the number 72 was reached. It requires estimates of variance and number of samples 
tested which is not given. Moreover the data for the calculation appears to involve flow cytometry analysis which is NOT listed as 
part of the methodology in the protocol. Also, was the analysis ex vivo or after restimulation in vitro? If the protocol does not 
involve flow cytometry presumably used for the sample size calculation, how can the protocol be carried out? (i.e., there appears 
to be no scientific basis for conducting protocol). As well, the protocol assumes a difference in Th17 T cells will distinguish 
symptomatic from non-symptomatic infections which is not established. Other possibilities might include, the IL-10/IL-12 ratio 
which reflects the need for IL-12 production for the generation of Th1 memory responses, which apparently does not develop 
until an age > 5 years [Upham JW et al., 2012]. However, using participants only over the age of 9 does not address this 
important variable. Another possibility is the Th1/Treg ratio [Wu et al., 2016 ] may be indicative of neutrophil recruitment. Will 
the investigation examine iatrogenic versus natural immunosuppression in carriers? They will have to also collect information on 
medications, age, other diagnosis, vaccination records etc. 
The sample size calculations were quite simple, based on a null hypothesis that there was no difference in the Th17 
responses. We calculated what size of study would have sufficient power to exclude a plausible difference.  Based 
on studies performed by others, we have concluded that those who are not infected with pertussis (not those who 
are not symptomatic, as asymptomatic pertussis infection does occur) would be likely to have lower levels of IL-17, 
while those who are infected would have higher levels of IL-17. We also wanted to take into account natural 
variability in levels of PBMCs isolated from different individuals. We therefore used data from a study that used 
PBMCs, conducted by one of our co-investigators, where the proportion of Th17 cells ranged from 0.5% to 12% 
PBMCs in samples. If the observed difference in Th17 levels proves to be greater than this then a smaller sample 
size will be required.   
 
3. OTHER POTENTIAL PROBLEMS IDENTIFIED 
If it is true that immunization of pregnant women confers protective immunity to the infant under 1 year of age (the most 
susceptible population), then cellular immunity does not appear to be relevant to the pertussis vaccine. As well, there some 
evidence for protective innate immunity involving dendritic cells/macrophages. Therefore the premise that there is a meaningful 
difference in Th17 percentages (presumably of CD4 positive cells) between versus non-symptomatic and non-infected or that 
Th17 is central to protection does not appear to be correct at face value. The premise would need stronger substantiation in a 
pilot study before it could be considered for a complex investigation with serious logistics issues. 
There is no mention of severity of signs and symptoms to guide interpretation. For example, the severity of respiratory distress 
syndrome (RDS) may correlate with IL-8 or IL-1β levels [19] but these factors may not be protective per se for pertussis. 
Typo: line 124-125. There is no appendix 1, just a Figure 1. 
Although it is true that immunization of pregnant women confers protective immunity to the infant through 
transplacental antibody transfer, we do not believe that we can conclude that cellular immunity is not relevant to 
the pertussis vaccine. Studies in humans have demonstrated differential (statistically significant) Th17 responses 
between children vaccinated with acellular vs. whole cell vaccine (see Schure et al., 2012). In baboons, it has been 
shown that both infection with B. pertussis and vaccination with whole-cell pertussis vaccine induces a Th17 
response (see Warfel et al., 2014). It has been shown in murine models that vaccination with whole-cell pertussis 
vaccine (which contains the same antigens as natural B. pertussis infection) induces antigen specific Th17 cells 
(Higgs 2012 and Ross et al., 2013). We therefore would argue that we cannot make any absolute statements about 
differences in Th17 percentages.  
We have corrected “Appendix 1” to Figure 1 in line 124-125 (now line 114). 

Reviewer 2 Dr. Sandra Steiner 
Institution Centers for Disease Control and Prevention, OPHPR, Atlanta, Ga. 
General 
comments 
(author 

General Comments 
 
This manuscript describes the case control study protocol by the Canadian Immunization Research Network to assess the risk 



response in 
bold) 

factors involved in household transmission of Pertussis from an index case to more than 2 contacts living in the same household.  
Three types of blood samples and nasopharyngeal swabs (NPS) will be collected in addition to the administration of a baseline 
and final visit questionnaire to assess risk factors. The protocol and questionnaires are provided and the SPIRIT parameters for 
interventional trials are followed. 
 
The following comments are made to improve the presentation and design of the proposed protocol, which is intended to be in 
place prior to an outbreak with more than 12 cases in a Canadian jurisdiction. The target N was calculated to be 72 households 
with 72 index cases and 144 controls; there will be 72 contact-cases (50% attack rate) and 72 contact-controls.  
 
Specific comments: 
1. Ln. 124-126 in Study Design, please expand outcomes and describe he laboratory testing for assessing immune status. 
i.e., Will IgG antibody levels to specific pertussis antigens be measured? If so, which antigens and what protocols (ELISA, 
Luminex, etc.)? If only cytokine levels will be measured, please list the cytokines in the Luminex panel and how Th1/Th17 and 
Th2 responses would be differentiated.   
We have expanded on the study outcomes in the Study Design section of the Methods and provided more 
information on specific antigens and thresholds in Appendix G. Since there is no correlate of protection for 
pertussis, we will not assess immunity, but rather characterize the immune response.  
 
2. Ln 140 please add briefly the type of samples to be collected.  In table 2, please indicate the type of transport kit to be 
used for the NPS.  
We have added these details into the manuscript.  
 
3. Ln 158, please specify that PCR will be used as the diagnostic assay and provide a reference for the protocol to be 
used. 
We have specified that the diagnostic test used will be PCR in the text (line 135).  
 
4. Ln. 167.  While including only those over 9 years of age is more feasible for research with human subjects, the 
clinicians conducting the protocol may be missing an opportunity to study transmission among younger siblings.  Younger 
children tend to interact more than older children and the transmission rate and risk factors may be different from older 
children and adults. In addition, younger children may have not received their booster dose as the teenagers are recommended 
to receive at 14-16 years. Antibody levels tend to wane in 6 to 18 months post immunization depending on the pertussis 
antigen.  However if the study cannot be approved with parental consent, the investigators are limited to the current design.  
We agree with Dr. Steiner that the transmission dynamics of pertussis are different between children and adults, 
and even between younger children and older children. We have changed the protocol to allow recruitment of 
pediatric patients (with limits set by the local Research Ethics Board) (lines 143 - 151). 
 
5. Ln 209.  Since no specimens will be collected from symptomatic contacts, the CMI respond is usually 1 to 2 weeks after 
exposure/symptoms development.  Lack of samples at this critical time point will not allow for a comprehensive evaluation of 
the CMI. Samples collected 8 weeks later may limit determination of differences among contact-cases and contact-controls. 
We agree with Dr. Steiner that sampling participants within 1-2 weeks is very important. This is one of the reasons 
that we did not include index cases in our study – generally speaking the index case (unless they are infants) is 
diagnosed after a lengthy symptomatic period. In contrast, once a case in a household is known, recognition and 
diagnosis of infected contacts would be faster. In line with Dr. Steiner’s feedback, we aspire for the initial 
household visit to occur ≤10 days from laboratory diagnosis of the index case (see figure 1).  
 
6. In Table 1, please expand what type of assay will be used for diagnosis confirmation of the index case. 
We have added this information in Table 1 in the “index case” row.  
 
7. In Table 2, S4. Please provide reference(s) of PCR protocol to be followed by the testing laboratories.  Since there is 
potential for several laboratories to conduct PCR diagnosis, will the same validated/qualified protocol will be used by all the 
testing laboratories? 
We have added a reference in Table 2 for the PCR protocol used by the Public Health Ontario Laboratory. It is 
possible but unlikely that several laboratories will conduct PCR diagnosis. Across Canada, this type of testing is 
performed by provincial public health laboratories, with a small minority of pertussis testing being performed by 
pediatric hospitals. For example, in Ontario (Canada’s largest province) the Public Health Ontario Laboratory 
performs >95% of all pertussis PCR tests. Although testing may be performed in either one or several jurisdictions, 
it is quite likely that they would all be within one province. Another obstacle to conducting testing in multiple 
centres is cost. It is likely that the cost associated with parallel recruitment and testing in several jurisdictions 
would be prohibitive, as that would require several laboratory teams and recruitment teams (See the last 
paragraph of Appendix A and the Interpretation section).  
 
8. Table 2 should list all the PBMC tests intended (e.g., immune chip for upregulation or downregulation of markers, 
Elispot, T cell proliferation, surface markers by flow cytometry, etc.) 
We have added this information in greater detail into Appendix G.  
 
9. Please add the plans for dissemination of information, publication, and public access. 
We have added our dissemination plans to the manuscript (lines 233 – 237).  
 
10. Please expand the data management section to include how records will be stored for future access. 
We have added information about record retention in the Data Management section (lines 222 – 225). 
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