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REVIEWER 1 COMMENTS 

Prof. Margaret Hammerschlag, SUNY Downstate 

Very well written paper describing the comparison of NP swabs to saliva sampling in children 
with suspected covid-19 infection. The methods are described clearly. As a pediatric ID 
researcher who has done NP swabs on children and adults, this will be a needed development 
in managing this infection. 

 

Thank you for your comments, we appreciate the kind words and your time taken to 
review our manuscript. 

 

REVIEWER 2 COMMENTS 

Dr. Claudia Madampage, Brock University 

Summary of manuscript: This project focuses on developing a less invasive testing method 
(different type of sample collection) for detection of COVID-19 virus within a pediatric population 
(children and teens aged 3-17 years) using saliva, compared to the current nasopharyngeal 
swab. The research shows a ~73% similarity to the paired nasopharyngeal swab testing. 
Results show a high agreement between both testing methods, and therefore will be able to 
provide an alternative less invasive detection for COVID-19 during this current pandemic. 

 

The research takes the following approach. 

• Ethics –required – Not stated 

• Use of primary data- sample collection as stated in methods. 

• Results included laboratory testing and statistical analysis. 

 

Strengths: 



This is a timely and highly relevant topic and one that provides future opportunities for testing 
using a less invasive saliva method for COVID-19 in a pediatric population. The procedure can 
be facilitated to be used for patients in other aged groups, especially if conditions allow for 
saliva extraction without support from others/caretakers (example, to be used in drive through 
testing centers). 

 

Weakness: 

1. The connection between Cohens Kappa statistic and agreement of both types of results using 
different samples (saliva vs. nasopharyngeal swab) for detection of the virus should be better 
articulated. How to address this shortcoming: Define Cohens Kappa statistics and state how it is 
calculated. 

 

As per suggestion, we have updated the definition of Cohen’s Kappa statistic and its 
calculation on Page 9 Line 182-184. 

 

2. I expect more details on the nucleic acid extraction and RT-qPCR technique. How to address 
this shortcoming: A few statements on how DNA was extracted (was it extracted using a cDNA 
synthesis kit or individual buffers prepared in the laboratory). 

 

As per suggestion, we have included this information on Page 9 Lines 161-167. 

 

3. The brand and name of the RT enzyme used for this work should be mentioned (in case it is 
not included in the previously mentioned kit). Please include this information as a short sub-
topic in your ‘Methods’ section. 

 

As per suggestion, we have included this information Page 9 Lines 161-167. 

 

4. A statement on institutional ethics approval for collection of human subject sample studies is 
essential. 

 

Thank you for bringing this to our attention. This has now been included at the beginning 
of the methods section, Page 7 Line 122-124. 

 

5. In the ‘introduction’: please include a statement on the rates of current covid-19 testing 
globally or in Canada for the pediatric population. 



 

Thank you for the suggestion. In searching for this information, the Canada Health 
Information database currently includes epidemiological information on the case rates 
for the pediatric population, but not specifically the rate of testing. This is likely because 
the rate of testing is constantly changing. We have included the rates of positive cases in 
the pediatric population in the introduction with its citation instead. This can now be 
found on Page 6 Line 112-113. 

 

Minor Revisions: 

1. References are stated on page 21, as well as referencing of same numerical values (1-4) on 
page 31. Please correct. 

 

Thank you for the comment. The references have now been corrected. 

 

2. On page 12 the paragraph commencing from lines 163-171 would be better suited in a table 
format as this would be easier to reference, compared to a paragraph of writing. 

 

Thank you for this suggestion. We agree with the reviewer that this information would be 
better presented in table format. However, given the tables/figures limitations (5 total) in 
the main text, turning this information into a table would require us to move it to a 
Supplementary Appendix. After discussion between the authors, we feel that this section 
is very important in understanding our study and therefore should not be moved to a 
Supplementary Appendix. As such, we have chosen to keep it in the main text as written. 

 

REVIEWER 3 COMMENTS 

Dr. Joanna Merckx, McGill University Faculty of Medicine 

 

Hua et al estimate the diagnostic accuracy of saliva (index test) compared to nasal swabs 
(reference standard) and the agreement between saliva and nasal swab specimens for the 
detection of the presence of SARS-CoV-2 RNA in children in the spring of 2021. In addition, 
they simulate the diagnostic accuracy depending in repetitive sampling over time since infection. 

 

General comments: 

The manuscript is in general well written and clear. Published evidence on the accuracy and 
comparability of more child friendly diagnostic sampling is necessary. Given its pathogen 
specificity and the continued infection rates with SARS-CoV-2, data for SARS-CoV-2 are still 



required (surely including children not eligible for vaccination and as long as consequences to 
positive cases in the community). Some of the additional analyses in this manuscript, however, 
seem not necessary. 

 

1. The STARD guidelines are added to the manuscript, however, multiple elements are missing, 
starting with pending identification of the study as a diagnostic accuracy study. In the detailed 
comments some additional missing elements are mentioned. 

 

Thank you for bringing this to our attention. We have changed the title of our manuscript 
to include “A Diagnostic Accuracy Study”. We have also updated our STARD checklist 
accordingly. 

 

2. This study reflects diagnostic accuracy of PCR testing in a public health setting and program. 
This can be discussed. Diagnostic accuracy requirements for diagnostic tests might differ when 
used at the PH level compared to the clinical individual diagnostic level. This can be integrated 
in the discussion of the costs of false pos – false neg (see below). 

 

Please see below for our response to a similar comment made below. 

 

General statistics: 

3. Kappa is limited informative in the case of many negative samples and a low prevalence (of 
SARS-CoV-2 infection), as here. Adapted kappa measures can give a more truthful estimate on 
the agreement. 

 

The reviewer is correct that the low prevalence in the samples could affect the reported 
agreement. We have therefore updated the manuscript to include both Kappa and the 
Prevalence and Bias Adjusted Kappa (PABAK) to account for the low prevalence and 
possible bias in the sample, which is now on Page 10 Line 184. In addition to the updated 
methods section, we have added the PABAK value to our results on Page 11 Line 206. 

 

4. PPA and NPA give an added value, however, with many negative tests, the NPA is often very 
high and neither informative. 

 

Thank you for the comment. Sensitivity and Specificity are used when a new test (ie. 
Saliva) is compared to a reference standard (ie. Assumed to be NP swab in our study). To 
our understanding, Positive Percent Agreement (PPA) and Negative Percent Agreement 
(NPA) are similar to Sensitivity and Specificity, with the major difference between that 



they are comparing a new test to a non-reference standard. Further information on this 
can be found here: https://www.centerforhealthsecurity.org/resources/COVID-19/COVID-
19-fact-sheets/201207-sensitivity-specificty-factsheet.pdf 

 

5. The implications of false pos and false neg needs to be sufficiently discussed. The 
assumption is made of a lower sens from the start – the importance if using child friendly 
samples is somewhat discussed. What is the cost-benefit here? How much can the sens be 
lower in the oral samples – at which time point after infection etc? What is deemed acceptable? 
Given the ease of the use of salivary samples and the child friendliness, the question can be 
reversed: how many cases are allowed – clinical ok an accepted costs to still prefer saliva 
testing over nasal swabs? 

 

Thank you for your comment. We will refer to our response under “Statistician comments 
#9”, as the questions posed here is very similar to this one above. 

 

In summary, the value of what is deemed acceptable to use saliva above NP swabs is 
outside the scope of our study. Rather, we present the detection rates of saliva 
compared to NP swab in our population, and the advantages of saliva in the pediatric 
population. Using this information, our study hopes to inform public health policy 
makers on their own decision as to whether saliva is a suitable alternative to NP swab. 
Similarly, it is the decision of each individual public health unit to determine what types 
of settings is “acceptable” to use saliva instead of, or in addition to, NP swabs. We hope 
that our study, along with other studies, can help these policy makers inform their 
decisions. In terms of cost-benefit analysis, our authors cannot comment on this as we 
did not assess this in our research study/objectives. 

 

6. Another alternative to saliva samples as described here is gargling. There have been some 
accuracy studies, including Canadian, that looked at the accuracy of gargling compared to NPS. 
It might be interesting to place the in this study procedure in the spectrum of other saliva 
samples taken in the pediatric population for PCR testing. Can the detailed steps as provided to 
the patients, including for parents and children, be added to the supplement? Are there child 
specific instructions available? 

 

Thank you for your comment. As suggested, the instruction sheets that were provided to 
the families along with the saliva collection kit is now included in Supplementary 
Appendix B. 

 

Detailed comments: 

Abstract: 



7. Expectorate saliva: is this the correct term? Do we not expectorate sputum? Which kids 
cannot do. 

 

Thank you for the suggestion. The term expectorate has been removed in the abstract 
and throughout the manuscript and replaced with the term “provide” or “produce”. 

 

8. Missing type of nasopharyngeal swab used. Brand – flocked swab? Completeness of 
reference standard in abstract. 

 

The site lead of the assessment center was contacted regarding this information, to 
which he responded that supplies varied significantly depending on what the province 
was able to procure and therefore we cannot comment on a specific brand or type of 
swab. 

 

9. Why is the diagnostic accuracy not mentioned in the abstract? (best to add with the 
prevalence) 

 

Thank you for the comment. We have now added the sensitivity of saliva in the abstract, 
Page 5 Line 87-88. 

 

Introduction: 

10. Why in the introduction not directly talking about the pediatric population and the 
informativeness of testing in children? Plus the need for child friendly testing procedures. The 
adult part is not fully relevant – ok to focus directly. 

 

Thank you for the suggestion. We have removed some of the details from the adult 
study. The last paragraph on Page 6 has been revised and the need for testing in children 
and child-friendly testing procedures is discussed. Specifically, we have discussed the 
importance for distinguishing COVID from other respiratory infections that children get, 
and also less invasive which is more attractive for frequent testing in the pediatric 
population. 

 

11. line 107: in which sense? There are only a limited number of studies published. As written 
here, it sounds as if there is evidence but that the evidence does not support this use, however 
the evidence in general is missing. 

 



Thank you for the suggestion. We have revised this sentence on Page 6 Line 104-105. 

 

12. line 114: “testing points” this is still regarding timing, might be more clear if timing is added. 

 

Thank you for the suggestion. We have revised this sentence on Page 6 Line 110-111. 

 

13. line 119: “frequent repeat” sounds like a tautology here. 

 

Thank you for the suggestion. We have now removed “repeat” and kept “frequent” – 
Page 7 Line 116-117. 

 

14. line 120: leave this to style journal, however the objective can be just the last paragraph of 
the introduction 

 

As suggested, we have removed the ‘Objectives’ heading and combined the objectives 
with the last paragraph of the introduction. 

 

Methods: 

15. Did the study include besides parent or caregiver consent also child assent? Exclusion is if 
child unable or unwilling: seems a case for assent. Was this formalized? 

 

We have included this in the study recruitment details in the Supplementary Appendix A 
Methodology Details, that either the patient and/or their primary caregiver were eligible to 
provide consent for the research study. For example, some older children were able to 
provide formal consent, whereas younger children provided assent and their primary 
caregiver provided format consent. The assent process was not formalized, as we 
assume that children who are willing to provide the saliva sample at the assessment 
center and at home would be agreeable to participating in the study. 

 

16. line 141: in general and in the past expectoration has been the term used to bring up 
secretions from deeper in the lungs and deeper throat (also comment above). This might be a 
language and terminology issue – however this is a pediatric population and most of the saliva 
samples are rather mouth spits of saliva that pooled under the tongue. 

 



Thank you for the comment. We have addressed this comment similarly to point #7 as 
above. 

 

17. line 144: was there no collection of saliva from below the tongue with the sponges, where 
there is normally a lot of saliva present for collection 

 

Thank you for this suggestion. For purposes of standardization, all collection processes 
were done according to the DNA Genotek manufacturer instructions, as described in the 
manuscript. Collecting saliva from below the tongue with sponges was not part of the 
manufacturer’s protocols. These instructions can now also be found in Supplementary 
Appendix B. 

 

18. line 149: probably consent by the caregiver 

 

Thank you for the comment. We have changed the terminology to “All study 
participants” rather than “eligible consented participants” to avoid confusion. All study 
participants assumes at least one of the following: 1) Caregiver provided informed 
consent, and child provided assent; 2) Caregiver and child both provided informed 
consent; or 3) Child provided informed consent. Details of this can be found in 
Supplementary Appendix A. 

 

19. line 161: Assume home made assay was used? Any reference or publication regarding? Eg. 
reference that includes the LOD etc. As well: given this is a diagnostic accuracy study, it is best 
to add the extraction and following instruments with their company name – this is good practice. 

 

Thank you for the suggestions. As suggested, the extraction instruments and company 
name are now included in the methods. We have also included the limit of detection and 
references at the end of this section. This can all be found on Page 9 Line 159-167. 

 

20. line 167-171: this handling of discrepant results > discrepant analysis -might lead to bias, 
given only verification and re-testing of discrepant results. (Evidence based diagnostic literature 
has multiple publications on the bias through discrepant analysis, mostly based on discrepant 
analysis between NAAT and culture for resp pathogens. But the general concept remains. 
Example: Green TA, Black CM, Johnson RE. Evaluation of bias in diagnostic-test sensitivity and 
specificity estimates computed by discrepant analysis. Journal of Clinical Microbiology. 1998 
Feb 1;36(2):375-81.) 

 



Thank you for the comment. We have now included this bias in our discussion on Page 
14 Line 276-277. 

 

21. line 167-171: One can also wonder if this is really necessary. Ontario had at the moment of 
low prevalence a 2-target confirmation strategy, if I am not mistaken. However, with increase 
pre-test probability and the high sens and specificity (latter was first targeted with confirmatory 
assay), this might not change much in the accuracy estimates. In the light of the development of 
new variants, there is the potential to have differences in accuracy per target, however, this 
should, if this is the case for the assay used, then be described. In this study and in the 
validation and diagnostic accuracy assessment of saliva versus NPS this might have little 
impact. Unless this can be discussed more in dept why this approach is deemed as a necessary 
addendum to the paper and analysis. If prior reference can be made to the assay development 
and its characteristics with the priorly defined accuracy of the assay used and how much this 
differs for the 1 vs 2 target detection, this might be more clear for the reader. It also does not 
really reflect in the analysis, except where the average of the gene targets Ct values is given. 

 

The 2 target approach was used as described in the article “Improved sensitivity using a 
dual target, E and RdRp assay for the diagnosis of SARS-CoV2 infection: Experience at a 
large NHS Foundation Trust in the UK”, in order to increase sensitivity (see article 
citation below). Indeed, the 2 target approach may not be necessary but we wanted to 
make sure to maximize sensitivity as much as we could, especially when dealing with 
unorthodox samples such as saliva for evaluation of SARS-CoV-2 diagnostics. 

 

Citation: Colton H, Ankcorn M, Yavuz M, Tovey L, Cope A, Raza M et al. Improved 
sensitivity using a dual target, E and RdRp assay for the diagnosis of SARS-CoV-2 
infection: Experience at a large NHS Foundation Trust in the UK. Journal of Infection. 
2021;82(1):159-198. 

 

Statistical analysis: 

22. line 180: average of the gene targets: It depends on what the LOD is and how the assay 
was developed if both targets should be handled to their same Ct value and if it is valid to give 
an average Ct value of both. In se these are relative values – or should be re-calculated using 
the LOD and Ct to viral loads. Ct averages do not seem correct (unless they are fully correlated 
- but then the average captures the noice?). 

 

Thank you for pointing this out. In general, both genes tend to have similar values. 
However, to increase accuracy, we have performed the analysis for each gene type 
separately. This has now been adjusted with a new Figure 2. As such, we have deleted 
this section regarding averaging CT values from the methods as well. 



 

23. line 203: The number of discordant results is so small and so many children had symptoms 
(because major inclusion criterium for participation in the study= conditioned on symptoms). Not 
sure if there is any conclusion to make out of the difference in proportion between those with 
concordant versus discordant result. Neither really clear what we need to conclude from line 
210-211. 

 

Thank you for the comment. The author is correct in that many children had symptoms. 
However, based on our study findings, we found a higher proportion of patients that 
were asymptomatic and discordant – potentially suggesting that patients who are 
asymptomatic have lower viral RNA loads, which may be more difficult to detect 
consistently using saliva. This is discussed in the Discussion Page 12 Lines 236-239. 

 

24. line 212: why was the Ct not available for half of the individuals tested with NP swab? Was 
an assay used that does not provide Ct values? – In the methods it is described that the same 
assay is used. Unclear. 

 

Thank you for the comment. Please refer to the Statistician Comments #11 for similar 
comment and response. Essentially, the NP swabs were analyzed at a separate center 
(Eastern Ontario Regional Laboratory Association) where multiple different assays were 
used and not all of them produced CT values. This has been clarified on Page 9 Lines 
176-177. 

 

25. Is the general prevalence based on ref standard mentioned somewhere? 

 

As per a previous suggestion, we have now included the general prevalence of COVID 
infections in the pediatric population in the introduction lines 112-113, as well as the 
average test positivity during the study period in the results Lines 200-202. 

 

Discussion 

26. Line 237: 4 times but the probabilities in absolute are very small. On other: many test neg 
children will also have had symptoms as you have described – so that background should 
normally be considered as well. 

 

Thank you for the comment. The reviewer is correct that many negative children also 
have symptoms. Our authors purpose of this discussion was to highlight possible 
reasons that patients may have discordant tests, and this finding regarding symptoms is 



mainly found with the discordant tests and less so with children that were either all 
concordant positive, or concordant negative. 

 

27. line 241: as these tests are NAAT – this is not about antigen loads, but lower RNA loads. 
Which is not completely the same. 

 

Thank you for identifying this. We have now changed the sentence to reflect the lower 
RNA loads rather than antigen loads, on Page 12 Line 239. 

 

28. line 243-244: best to write out which date – only 2,5 and 7 were studied: so to mention that 
you found that this was 2 days. 

 

Please refer to the new Figure 3 and Description of Figure 3 in Supplementary Appendix 
C to clarify confusion regarding this figure. Here, Day 2, 5, and 7 are hypothetical, and 
are no referring to a specific date. 

 

29. line 258-260: unfortunately, this time point has already passed. This might however easily 
be re-written to what has been the case and discuss future use. 

 

This has been addressed as per previous comments. 

 

30. line 266: stability is useful but unclear what a test result up to 3 weeks later still will have of 
direct implications. 

 

The reviewer is correct that is would not be ideal to obtain a test result 3 weeks later, and 
our intention of including this statement was not to advocate for test results to be 3 
weeks later. However, this discussion piece gives readers a sense of the stability of the 
test during transport, which can be useful for testing in remote settings without access 
to testing centers, as discussed in our discussion. 

 

Figures and tables: 

31. Table 1: why not give IQR and not range? 

 

Thank you for the suggestion – this has now been changed in Table 1. 



 

32. Figure 3: The sensitivity prior to infection (all prior to time 0), even though this can be 
calculated, is clinically non informative and both theoretical and technical not informative. One 
can simulate, however accuracy up to 10 days prior to infection is impossible. Or I would 
present in grey – shadowed lines. 

 

Figure 3 has been modified to improve its interpretation, as well as some additional text 
has been inserted in the methods section as well as Supplementary Appendix C. 
Hopefully this clarifies the confusion noted here in this comment; specifically 
Supplementary Appendix C Part 3 may help address this confusion. 

 

33. Supplement figures: Quid Fig 1 use of counts – not really comparable given scales very 
different – might presenting density function be an improvement? 

 

Thank you for this suggestion. We have added a histogram to include a density plot, in 
addition to the absolute counts. 

 

34. Supplement table 1: very low numbers in the discordant group – information given? 
Conclusions to make? 

 

We have added a discussion point on the conclusions drawn from the discordant group 
in the first two paragraphs. Mainly, this highlights that there is no one perfect test. 
Second, we discuss the probability of being asymptomatic and discordant, and 
symptomatic and discordant. 


