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ARTICLE DETAILS 

TITLE (PROVISIONAL) Historical data and modern methods reveal insights in measles 

epidemiology: a retrospective closed cohort study 

AUTHORS Paterson, Beverley; Kirk, Martyn; Cameron, A; D'Este, Catherine; 
Durrheim, David 

 

VERSION 1 - REVIEW 

REVIEWER Prof G. Dennis Shanks  
Director, Army Malaria Institute  
Australia  
 
no competing interests 

REVIEW RETURNED 28-Oct-2012 

 

GENERAL COMMENTS The authors of the manuscript use precise epidemiological data from 
five ship board measles outbreaks on voyages to Australia. Using 
the data found in logbooks and modelling, they make a substantial 
case for why measles arrived in Australia after 1850 and not before. 
The closed nature of the cohorts with groups of mixed immunity 
makes the observations worthwhile.  
 
A few suggestions:  
 
Historical data is always problematic because its completeness is 
unknown. The authors do a good job identifying their studies 
limitations, however, it is unclear to me if few epidemics occurred or 
if only few epidemics were documented. My impression from my 
own historical studies is that it is likely that the five epidemics are a 
small subgroup whose records survived and not a substantial 
proportion of all measles epidemics on immigrant ships to Australia. 
The authors are most familiar with the data and I suggest they state 
more clearly whether they think they are analysing a small subset of 
all epidemics or not.  
 
If measles is unlikely to have been transported to Australia prior to 
1850 for good epidemiological reasons, then the authors should 
perhaps comment on the reports of measles in Australia and New 
Zealand prior to 1850. These are found both in Cumpston‟s report 
which they cite and Donovan JW, Measles in Australia and New 
Zealand 1834-1835. Med J Australia 3 Jan 1970, 5-10. Cumpston 
reports that the Governor of Tasmania stated that the Bussorah 
Merchant arrived as an immigrant ship from Ireland with both 
measles and smallpox on board in 1838. Since some attribute huge 
mortality pre 1850 in Maori populations in South Island to measles, 
this is an important point. Do the authors think that any febrile rash 
disease in the 19th century was likely to be reported as measles and 
that the diagnosis was mistaken? Alternatively was there some other 
source of measles that was transported to Australia within the time 
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limits outlined by the authors? Stating that it is unlikely measles 
came to Australia prior to 1850 necessitates they at least comment 
on reports disputing this observation.  
 
Today measles epidemics are often due to short airplane exposures 
and not long ship board exposures. See Multiple Cases of Measles 
After Exposure During Air Travel --- Australia and New Zealand, 
January 2011 MMWR July 1, 2011 / 60(25); 851. Do the lessons 
from history help us at all with the current pattern of measles 
importation?  
 
I find the burial at sea shown in figure 1 a great recreation of the 
pathos of death on board an immigrant ship, but think the caption 
should in more detail state why this drawing is important to this 
manuscript. 

 

REVIEWER Matthew Ferrari  
Assistant Professor of Biology and Statistics  
The Pennsylvania State University 

REVIEW RETURNED 09-Nov-2012 

 

GENERAL COMMENTS I found this to be an interesting analysis, though its relevance is 
largely historical rather than revealing any insights that might affect 
the contemporary interpretation of measles epidemiology.  
 
The authors suggest that the both the serial interval is shorter than 
previously reported and that R0 is lower. I would like the authors to 
clarify the generation length that was used in the calculation of R0. It 
was unclear to me whether this was the classic 14-day infectious 
period, or if it was the estimated 12.3-day serial interval.  
 
I question the "attack rate" reported in Table 1. Given the 
assumption that all susceptible individuals became infected, I would 
interpret the attack rate as 100% by assumption. The number that 
the authors present as an "attack rate" is simply the converse of the 
number that they present as the "immunity". I am more inclined to 
agree with the assumption that all susceptibles became infected -- 
and thus the ship's population, minus the number of cases, is 
reflective of the immunity. To present the same values as the attack 
rate and the immunity is both redundant and misleading.  
 
Aside from these small comments, I have no further issues with the 
manuscript that would prevent its publication. 
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VERSION 1 – AUTHOR RESPONSE 

Reviewer 1:  

Authors‟ response: We are pleased that the reviewer thought the paper worthwhile and thank him for 

the helpful comments provided to strengthen the paper.  

 

Reviewers‟ comments: Historical data is always problematic because its completeness is unknown. 

The authors do a good job identifying their studies limitations, however, it is unclear to me if few 

epidemics occurred or if only few epidemics were documented. My impression from my own historical 

studies is that it is likely that the five epidemics are a small subgroup whose records survived and not 

a substantial proportion of all measles epidemics on immigrant ships to Australia. The authors are 

most familiar with the data and I suggest they state more clearly whether they think they are analysing 

a small subset of all epidemics or not.  

 

Authors response: As the reviewer has identified, only a small subset of measles epidemics on ships 

travelling to Australia in this time period are included in this article. Many of the ADM 101 records 

were destroyed in the last century and this archival data source is incomplete . While additional 

epidemics were discovered during the research, we were only able to include those epidemics 

providing enough data to calculate R0 and serial intervals.  

We have added the following sentences in the „Methods‟ section.  

 

The reports or log books are incomplete and represent only a small number of voyages to Australia, 

hence only a small subset of measles epidemics for this period were able to be examined. Only 

measles outbreaks where detailed data were available were included in the analysis.  

 

Reviewers‟ comments: If measles is unlikely to have been transported to Australia prior to 1850 for 

good epidemiological reasons, then the authors should perhaps comment on the reports of measles 

in Australia and New Zealand prior to 1850. These are found both in Cumpston‟s report which they 

cite and Donovan JW, Measles in Australia and New Zealand 1834-1835. Med J Australia 3 Jan 

1970, 5-10. Cumpston reports that the Governor of Tasmania stated that the Bussorah Merchant 

arrived as an immigrant ship from Ireland with both measles and smallpox on board in 1838. Since 

some attribute huge mortality pre 1850 in Maori populations in South Island to measles, this is an 

important point. Do the authors think that any febrile rash disease in the 19th century was likely to be 

reported as measles and that the diagnosis was mistaken? Alternatively was there some other source 

of measles that was transported to Australia within the time limits outlined by the authors? Stating that 

it is unlikely measles came to Australia prior to 1850 necessitates they at least comment on reports 

disputing this observation.  

 

Authors‟ response: We agree that this is an important point and have added the following paragraph 

on this topic to the „Discussion‟ section.  

 

Cumpston (1927) makes a compelling case that although measles was frequently recorded on ships 

prior to 1850 no infectious measles cases reached Australia.[1] The possibility of an earlier epidemic 

in Sydney in 1834 and in Hobart in 1835 has been suggested by Donovan [33], although there was 

dissension among medical practitioners at the time as to whether the disease in question was 

measles, scarlet fever or some other infection. Cumpston[1] notes that, from available references, 

there are many reports from officials documenting the lack of measles cases in the various Australian 

colonies. Once measles did reach Australia in 1850 the outbreaks were obvious and no longer 

disputed amongst the medical fraternity. Following its probable, initial introduction into Victoria, 

Australia in 1850, measles spread across the country and was recorded in New South Wales in 1853, 

Tasmania in 1854, Queensland in 1857, South Australia in 1859 and Western Australia in 1860.[1] 

From 1860 – 1899 measles epidemics occurred simultaneously across Australia at periodic intervals, 

which is the nature of measles epidemiology globally once introduced into a susceptible population. 
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These epidemics caused high mortality rates, particularly in the under-five year age group. Death 

rates of 200 to 300 per 100,000 were common.[1]  

 

Reviewers‟ comments: Today measles epidemics are often due to short airplane exposures and not 

long ship board exposures. See Multiple Cases of Measles After Exposure During Air Travel --- 

Australia and New Zealand, January 2011 MMWR July 1, 2011 / 60(25); 851. Do the lessons from 

history help us at all with the current pattern of measles importation?  

 

Authors‟ response: This is an important perspective and so we have added the following concluding 

sentence to the „Conclusions‟ section.  

 

While an historical analysis, this is a good illustration of social and technological changes resulting in 

the emergence of an infectious disease. Regular and rapid air travel has had a similar impact in the 

modern era, resulting in the swift transmission of infectious diseases, including measles, around the 

world.(38)  

 

Reviewers‟ comments: I find the burial at sea shown in figure 1 a great recreation of the pathos of 

death on board an immigrant ship, but think the caption should in more detail state why this drawing is 

important to this manuscript.  

 

Authors‟ response: The inclusion of the illustration „Burial at sea‟ was purely to demonstrate the 

pathos of death on board ship. The illustration was originally published in an Australian newspaper at 

a time when there were regular measles epidemics with high mortality on ships travelling to Australia. 

While we have no evidence linking this illustration to a measles epidemic we do feel that it is an apt 

representation of a burial at sea following a measles death. Unfortunately limited information, beyond 

the title (Burial at sea), is available for the illustration. For these reasons we have not changed the 

caption.  

 

Reviewer 2:  

 

Authors‟ response: The reviewer made some excellent recommendations to strengthen the paper and 

we have made a number of changes as suggested.  

 

Reviewers‟ comments: The authors suggest that the both the serial interval is shorter than previously 

reported and that R0 is lower. I would like the authors to clarify the generation length that was used in 

the calculation of R0. It was unclear to me whether this was the classic 14-day infectious period, or if 

it was the estimated 12.3-day serial interval.  

 

Authors response: Cases were assigned to a „generation‟ based on visual inspection of the data, 

details of infections in family members and confirmation that these were plausible by checking every 

possible serial interval period against commonly used assumptions (i.e that they were within the 

range of known measles parameters for serial intervals, which range between 6–29 days ). This is 

described in detail in the „Methods‟ section. We have slightly modified this paragraph to add further 

clarification to this aspect of our methodology.  

 

Individual generations were identified by visually inspecting the data to identify separate „waves of 

infection‟ and confirming that these were plausible by checking them to ensure that they were within 

the range of known measles for serial intervals, which range between 6–29 days.[17] We assumed 

that passengers with the same names were members of the same family group and living in close 

contact. Where “family members” were infected within one serial interval range of an infected “family 

member”, we assumed the family member was the source of infection and used their onset date to 

calculate the serial interval. Cases were assigned to a „generation‟ based on these data and 
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assumptions.  

 

Reviewers‟ comments: I question the "attack rate" reported in Table 1. Given the assumption that all 

susceptible individuals became infected, I would interpret the attack rate as 100% by assumption. The 

number that the authors present as an "attack rate" is simply the converse of the number that they 

present as the "immunity". I am more inclined to agree with the assumption that all susceptibles 

became infected -- and thus the ship's population, minus the number of cases, is reflective of the 

immunity. To present the same values as the attack rate and the immunity is both redundant and 

misleading.  

 

Authors‟ response: The reviewer raises an excellent point and is correct in assuming that the “attack 

rate” is the converse of “immunity”. We agree with the assumption that all susceptibles became 

infected and we will report data on “immunity” in the article. Hence, we have removed references to 

“attack rates” from the article. 

VERSION 2 – REVIEW 

REVIEWER Matthew Ferrari  
Assistant Professor  
The Pennsylvania State University  
USA  
 
I have no conflicts. 

REVIEW RETURNED 11-Dec-2012 

 

GENERAL COMMENTS I am satisfied with the changes made by the authors.  
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Correction

Paterson BJ, Kirk MD, Cameron AS, et al. Historical data and modern methods reveal insights
in measles epidemiology: a retrospective closed cohort study. BMJ Open 2013;3:e002033.
There are two errors in this paper:

1. Under the Results heading of the abstract, the sentence “Measles R0 (95 cases) ranged
from 7.7–10.9” should read “Measles R0 (95 cases) ranged from 7.1–10.9”.

2. In the Results section, page 5, under the heading ‘Basic Reproduction Number’, line 2,
the section “being 8.7 and 10.9” should actually be “being 7.1 and 10.9”.

BMJ Open 2013;3:e002033corr1. doi:10.1136/bmjopen-2012-002033corr1

BMJ Open 2013;3:e002033corr1. doi:10.1136/bmjopen-2012-002033corr1 1
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