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Abstract
An important approach to protecting infants against 
pertussis is to provide a booster vaccination to close 
contacts, however this strategy requires a good 
understanding of infection sources to be effective. 
The objective of this study was to identify the most 
important sources of transmission of pertussis infec-
tion to infants, regardless of hospitalisation status. 
Standardised interviews were conducted during 
routine follow-up calls with the parent or guardian 
of laboratory confirmed pertussis cases less than 
12 months of age notified to 3 Sydney metropolitan 
public health units during a pertussis outbreak from 
January to May 2009. All contacts with a cough-
ing illness or laboratory confirmed pertussis during 
the 3 weeks prior to onset of illness in the index 
case, were recorded. A source of infection could 
not be identified for 29 infants (31%) and a total 
of 86 known or suspected sources were identi-
fied for the other 66 infants. The most frequently 
identified sources were siblings (36%) and parents 
(24%), followed by other family members (21%), 
friends (13%), and settings outside the home such 
as medical centres (6%). Of 20 siblings aged 3 or 
4 years, 16 (80%) were sources of infection, com-
pared with 14 of the 44 (32%) other siblings less 
than 18 years of age. During this epidemic siblings 
were more important sources of infant infection 
than parents. Siblings aged 3 and 4 years of age 
were particularly important transmitters of pertussis 
infection to infants. Minimising pertussis infection 
in 3 and 4 year olds may be an important meas-
ure to prevent infant infection. Commun Dis Intell 
2010;34(2):116–121.

Keywords: whooping cough, Bordetella pertussis, 
infants, source of infection, immunisation strategy

Introduction

A resurgence of reported pertussis over the last 
2 decades has been documented in countries with 
established pertussis immunisation programs with 
high levels of coverage, including Australia.1,2 
Infection rates have primarily increased in those 
over 10 years of age, due to waning immunity, and 
in infants less than 5 months of age.2,3 The current 

Australian immunisation schedule for pertussis 
consists of 3 primary doses of diphtheria-tetanus-
acellular pertussis vaccine (DTPa) at 2, 4 and 
6 months, followed by a booster at 4 years and a 2nd 
booster of adolescent formulation dTpa between 
12 and 17 years of age.4 Thus infants are not fully 
protected against pertussis infection for the first few 
months of life, during which the burden of morbid-
ity and mortality is greatest.5

Parents are the most commonly identified source of 
transmission of pertussis to young infants, account-
ing for approximately half the identified sources 
across a range of studies in different countries, 
with siblings accounting for about another quarter 
(Table 1). To our knowledge only one of these stud-
ies6 was not limited to only severe index infant per-
tussis cases that required hospitalisation or resulted 
in death.

The recent pertussis epidemic in Australia, and New 
South Wales in particular,15 presented an opportu-
nity to collect detailed information regarding the 
source of pertussis infection during a period of high 
community transmission. Given the importance of 
accurately determining the source of infection and 
the lack of reliable existing data sources in New 
South Wales, the current study was developed to sys-
tematically identify and record all possible sources 
of infection for laboratory confirmed cases less than 
1 year of age and attribute a level of evidence to 
each potential source. It is also the first Australian 
study to include pertussis cases of varying severity, 
not just those requiring hospital admission. Mild 
cases also have an important role in sustaining high 
levels of transmission and we hypothesised that a 
careful assessment of all notified cases, regardless 
of hospitalisation status, may identify sources other 
than mothers as playing an important role in the 
transmission of pertussis to infants.

Methods

For the purpose of this study we included only per-
tussis cases less than 12 months of age confirmed 
by polymerase chain reaction (PCR) laboratory 
test. Under New South Wales protocols, source of 
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infection information is routinely collected from the 
parent or guardian of each case under 2 years of age. 
Unfortunately however, options for completing this 
field in the electronic Notifiable Diseases Database 
(NDD) are inconsistent with those provided on 
the paper data collection form, making data entry, 
extraction, and interpretation difficult.

An enhanced data collection form was developed to 
ensure systematic and careful collection of detailed 
source of infection information by public health 
unit (PHU) staff during routine pertussis follow-up 
calls to the infant’s parent or guardian. A known or 
suspected source was defined as any person who 
came into contact with the case infant for greater 
than 1 hour in the 3 weeks prior to the onset of 
illness and who had a clinically consistent cough-
ing illness (a coughing illness lasting two or more 
weeks; severe fits or bouts of coughing; vomiting 
after coughing or; ‘whooping’ sound during cough-
ing) or laboratory evidence of pertussis infection. 
All potential sources of infection were recorded for 
each infant and age, sex, relationship to infant, and 
level of evidence of the source individual’s infection 
(clinical symptoms, doctor diagnosed, laboratory 
confirmed) was collected. Further risk factors such 
as overseas travel or exposure through a health care 
worker were also ascertained.

PHUs within three of the 4 Area Health Services 
covering metropolitan Sydney participated in 
the study: Sydney South West (SSW); Sydney 
West (SW); and the Hornsby Office of Northern 
Sydney and Central Coast (NSCC). De-identified 
completed paper forms from participating PHUs 

were returned in weekly batches by secure fax to 
SSW, where they were assigned a study identifica-
tion number and entered into an Epi Info database 
(Version 3.4.3, US Centers for Disease Control 
and Prevention, Atlanta, GA, USA). Data collec-
tion began in the last week of January 2009 and 
ceased in the first week of May. Data completeness 
for this case series was determined at the end of 
the study by extracting the total number of pertus-
sis cases that met the study inclusion criteria from 
NDD and comparing this with the number for 
which the enhanced data collection form had been 
administered.

Results

Enhanced source of infection data was collected for 
a total of 95 laboratory confirmed cases notified to 
participating PHUs during the study period; 44 from 
SW, 41 from SSW, and 10 from NSCC. A total of 
111 cases that met the study inclusion criteria were 
extracted from NDD at the conclusion of the study, 
therefore overall data completeness was 88%.

The median age of the cases was 3 months, with 
47 males and 47 females (sex was not recorded for 
1 case). The median household size, including the 
infant, was 5 persons (range 3–11). Twenty-four 
infants were too young to be vaccinated, 14 were not 
fully vaccinated for age, and immunisation status was 
unknown for a further two. Of the 56 infants who 
were reported to be fully immunised for age, 32 were 
between 2 and 5 months of age and would not 
have received the full 3 dose primary vaccine series. 
Thirty-five cases were hospitalised as a result of the 

Table 1:  Summary of studies investigating source of infant pertussis infection

Country Year Study population n* Parents†

(%)
Siblings†

(%)
Reference

England 1998–2000 Hospitalisations < 5 months of age 33 42 27 7
Multinational‡ 2003–2004 Hospitalisations < 6 months of age 44 55 16 8
United States 1999–2002 Notifications < 12 months of age 264 47 19 6
Australia 2001 Hospitalisations < 12 months of age 

identified through APSU
72 53 23 9

Australia 1997–2006 Hospitalisations < 12 months of age 26 52 45 10
Multinational§ 2001–2004 Hospitalisations < 12 months of age 24 50 17 11
United States 1990–1999 Deaths < 12 months of age 46 52 41 12
Canada 1991–1997 Hospitalisations < 24 months of age 431 20 53 13
France 1996–2006 Hospitalisations < 6 months of age 892 55 25 14

*	 Number of index cases for which a source could be identified. 

†	 Percentage of all identified sources (some index cases had more than one potential source identified in some studies 
whereas others only identified a ‘most likely source’ for each case).

‡	 France, Germany, United States and Canada.

§	 Brazil, Costa Rica, Germany, Singapore, Spain, Taiwan and Uruguay.

APSU	 Australian Paediatric Surveillance Unit
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pertussis infection, all except two of which were less 
than 5 months of age, and hospitalisation status was 
recorded as unknown for a further 9  infants. The 
percentage of cases for which a source was identified 
and the percentage with siblings was similar between 
hospitalised and non-hospitalised cases (Table 2).

A source of infection could not be identified 
for 29  infants (31%) and a total of 86 known or 
suspected sources were identified for the other 
66 infants. The most frequently identified sources 
were those who lived in the same household as the 
infant with siblings representing over double the 
proportion of infection sources (36%) compared 
with mothers (15%). Other family members (e.g. 
aunts, uncles, grandparents) (21%), and friends 
(13%) were also significant sources of infection. 
While a specific source individual could not 
be identified for 5  infants, two were potentially 
exposed in childcare, one attended a medical centre 
in which people were coughing, one was exposed 
in a hospital emergency department, and 1 infant 
most likely acquired the infection overseas. Only 

¼ of the suspected source individuals were labo-
ratory confirmed, with the majority (61%) being 
implicated on the basis of clinically consistent 
pertussis symptoms (Table 3).

Overall, 53 household sources of infection were 
identified (62%), and source of infection varied with 
age as shown in Figure 1. No clear pattern was evi-
dent, with household and non-household sources 
relatively evenly distributed by age. For infants that 
had siblings, they were the most common source, 
followed by infection sources that were unable to be 
identified. In non-sibling households, parents and 
other family members were most frequently identi-
fied, each contributing 1/3 of the infection sources 
(Table 4).

Of the 81 persons identified as potential sources of 
infection, 49 were children under 18 years of age. 
Exact age was recorded for 45 of these children 
of which almost half (22) were aged 3 or 4 years. 
Figure 2 shows the age distribution for the 30 source 
children who were siblings, combined with the age 

Table 3:  Known or suspected sources of infection, by method of diagnosis

Method of diagnosis
Source Clinical 

symptoms
Doctor 

diagnosed
Laboratory 
confirmed

Not 
applicable*

Total Per cent

Mother 7 2 4 0 13 15
Father 7 0 1 0 8 9
Sibling 24 1 6 0 31 36
Other family 9 3 6 0 18 21
Friend 8 0 3 0 11 13
Other 0 0 0 5 5 6
Total 55 6 20 5 86 100

*	 Source location rather than specific individual identified, therefore the method of diagnosis of source is not applicable.

Table 2:  Hospitalisation status of infant pertussis cases, by age, whether a source was identified, 
and if the case had siblings

Infant age Hospitalised Not hospitalised Unknown
n % n % n %

< 2 months 15 43 4 8 5 50
2–3 months 13 37 9 19 3 30
4–5 months 6 17 7 14 0 –
6–11 months 1 3 29 59 2 20
Source identified
Yes 25 69 34 69 7 70
No 11 31 15 31 3 30
Siblings
Yes 31 86 36 73 9 90
No 5 14 13 27 1 10
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distribution of the other siblings in the household 
of the index cases who were not sources of infection 
(34 out of 35 for which age was recorded). While the 
infants in the study were more likely to have older 

siblings around 3 or 4 years of age, 16 of 20 (80%) 
siblings aged 3 or 4 years were sources of infection 
compared with 14 of the 44 (32%) other siblings 
aged less than 18 years.

Discussion

Only 2 previous studies have investigated the source 
of infant pertussis infection in Australia. The first 
utilised the Australian Paediatric Surveillance Unit 
to identify 140 infants aged less than 12 months who 
were hospitalised for pertussis in 2001.9 Contact 
with a person with a coughing illness compatible 
with pertussis was identified in 51% of cases. In the 
72 cases where a source of infection was identified, 
a parent was identified as the source in 38 (53%) 
(mother 30, father 8) cases less than 24 weeks of 
age, but no parents were the source of infection 
for infants aged over 24 weeks. Siblings accounted 
for another 16 (22%) coughing contacts, with the 
remainder made up of grandparents, other rela-
tives or non-family contacts. The second Australian 
study was a retrospective case series of 55 infants less 
than 12 months of age hospitalised at a tertiary pae-
diatric hospital in Brisbane between 1997 and 2006 
identified through hospital discharge coding and 
laboratory database.10 A total of 31 potential sources 
were identified for 26 cases, of which 16 (52%) were 
parents and 14 (45%) were siblings. Of the 15 index 
cases where at least 1 parent was identified as the 
source of infection, 13 were under 3 months of age 
and all were aged under 4 months.

The present study is the first to investigate the source 
of infection among notified, PCR confirmed pertus-
sis cases in Australia, including those not admitted 
to hospital. Importantly, interviews with parents or 
guardians were conducted shortly after notification 
and at the same time as public health investigation 
and follow-up to maximise the opportunity to recall 
coughing household members or visitors. Siblings 
were the most commonly identified source of infec-
tion for infants less than 12 months of age (36% 

Figure 1:  Known or suspected sources of 
infection, by age of index infant case
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Table 4:  Known or suspected sources of infection, by number of siblings in index case household

Source No siblings 1 sibling More than 1 sibling
n % n % n %

Mother 6 20.0 2 6.5 5 9.3

Father 4 13.3 1 3.2 3 5.6

Sibling N/A N/A 10 32.3 21 38.9

Other family 10 33.3 5 16.1 3 5.6

Friend 3 10.0 3 9.7 5 9.3

Other setting 3 10.0 2 6.5 0 –

Source unknown 4 13.3 8 25.8 17 31.5

Figure 2:  Age distribution of siblings less 
than 18 years of age resident in the index 
cases households
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of all identified sources of infection). Parents were 
less frequently identified as the source of infection 
compared with the majority of previous studies 
(Table 1), with mothers representing a likely source 
of infection in only 15% of infants, compared with 
42% and 26% in the two previous Australian stud-
ies.9,10 Other non-household members and settings 
also made up a substantial proportion of infection 
sources, and even in households where the infant 
did not have siblings, only 1/3 of the infection 
sources were parents. The reason for the divergence 
observed in the present study is not entirely clear, 
but may reflect different transmission dynamics 
during the recent epidemic period, compared with 
studies that were conducted during periods of lower 
transmission. Based on the above findings, the 
cocoon strategy to selectively vaccinate household 
contacts of newborns would help to prevent some, 
but clearly not all, transmission to infants.

The finding that a high proportion of siblings aged 
3 or 4 years were sources of infection identifies this 
group as an important reservoir for transmitting 
pertussis to infants during the outbreak. This could 
be a result of increased exposure to other children 
around this age, for example in child care settings. 
However, it may also be an indication that many 
children are not receiving the 4th dose of DTPa 
at 4 years of age on time. Furthermore, a dose of 
DTPa was previously recommended at 18 months 
of age, but was ceased in September 2003 due to the 
propensity for adverse reactions to result from this 
dose and it was thought the primary series provided 
sufficiently prolonged immunity until the booster 
dose at 4 years of age.4 Elimination of the dose at 
18 months may have resulted in waning immunity 
and an increased susceptibility to infection prior to 
receiving the 4th dose in the current schedule. It is of 
course not possible to determine this directly based 
on the results of the current study, but a review of 
the timing of the 4th dose may be required.

Infection risk also appeared to increase with house-
hold size and the number of older siblings present. 
The median household size in which the cases 
resided in this study was 5 persons. Data regarding 
the size and age structure limited to households 
with children are not reported in Australia, however 
the average size of households of OECD countries 
that do report such data are 2.7 and 3.9 for single 
parents and couples with children, respectively.16 
Therefore this study provides some evidence to 
support the particular importance that members 
of large households with newborn infants receive 
booster vaccinations.

This study was limited by the fact we were unable 
to identify a source of infection for 31% of the index 
cases. These cases may reflect a true unknown 
exposure, or have resulted from incomplete paren-

tal recall. However, as mentioned previously, this 
is a common issue in previous studies and in com-
parison the overall percentage of infants for which 
a source was identified was relatively high in the 
present study. This study was subject to recall bias as 
some parents may not have accurately remembered 
their infant’s history of exposure to persons with a 
coughing illness, however, this would most likely 
have been minimal as interviews were conducted 
shortly after the infection was notified. Furthermore, 
only a minority of individuals suspected as sources 
of infection were laboratory confirmed, and the reli-
ance on clinical symptoms to identify source cases 
may have missed subclinical cases or misclassified 
those with a coughing illness due to a pathogen 
other than B. pertussis.

The enhanced source of infection data collection 
form was not administered to all cases that met the 
criteria for inclusion in the study. However, the data 
completeness of 87.5% was greater than the 80% 
reported in the previous investigation into source 
of infection of notified cases in the United States 
of America.6 Regardless, the review of the routinely 
collected data from SSW revealed that the cases not 
included in the study had a similar age, sex and 
infection source distribution to those that were. 
Therefore it is unlikely the exclusion of these cases 
would have introduced any systematic bias into the 
study. Finally, this study was small in comparison to 
some of the previous studies overseas, but similar in 
size to the 2 previous Australian studies. In contrast 
to these 2 studies, we collected data from cases with 
a broad range of severity over a short period of time, 
allowing a unique insight into pertussis transmis-
sion to infants during an epidemic. It should also 
be noted that PCR testing has replaced serology and 
culture confirmation due to its higher sensitivity, 
and confirmation by PCR was an inclusion criteria 
for the infants in this study. It not known what affect 
this had on the comparability to previous studies 
that included index cases that were confirmed by 
laboratory methods other than PCR testing, how-
ever there is no reason to assume it would have 
impacted the range of infection sources identified.

The recent pertussis epidemic in Australia, and 
New South Wales in particular, has underlined the 
necessity to reinforce control strategies, of which 
vaccination remains the most potent tool. The most 
significant shortcoming of the current pertussis 
immunisation schedule is that no protection is pro-
vided to infants less than 2 months of age. Universal 
adult vaccination would be an effective strategy 
to protect infants too young to be immunised, but 
very difficult to implement, and further safety and 
efficacy data are required before maternal and neo-
natal vaccination can be implemented.17 Therefore 
the only available option at present to protect 
infants too young to be immunised themselves is 
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to encourage vaccination for those most likely to 
transmit infection, including not just parents, but 
siblings and other non-household contacts. Most 
importantly, our data highlight the role of siblings 
around 3 and 4 years of age as potential reservoirs 
of pertussis infection and reinforces the importance 
of both timely vaccination and the need to consider 
amending the immunisation schedule to minimise 
infection in this age group.

Author details
Dr Andrew Jardine, Master of Applied Epidemiology Scholar1,2

Dr Stephen J Conaty, Acting Director1

Mr Chris Lowbridge, Public Health Nurse1

Ms Jane Thomas, Public Health Surveillance Officer3

Dr Michael Staff, Public Health Physician4

Dr Hassan Vally, Senior Lecturer2

1.	 Public Health Unit, Sydney South West Area Health 
Service, Camperdown, New South Wales

2.	 National Centre for Epidemiology and Population Health, 
Australian National University, Canberra, Australian 
Capital Territory

3.	 Public Health Unit, Northern Sydney Central Coast Area 
Health Service, Hornsby, New South Wales

4.	 Public Health Unit, Sydney West Area Health Service, 
Penrith, New South Wales

Corresponding author: Dr Stephen Conaty, Sydney South 
West Area Health Service, PO Box 374, CAMPERDOWN 
NSW 1450. Telephone: +61 2 9515 9420. Facsimile: +61 
2 9515 9467. Email: stephen.conaty@email.cs.nsw.gov.au

References
1.	 Tan T, Trindade E, Skowronski D. Epidemiology of pertus-

sis. Pediatr Infect Dis J 2005;24(5 Suppl):S10–S18.

2.	 Crowcroft NS, Pebody RG. Recent developments in per-
tussis. Lancet 2006;367(9526):1926–1936.

3.	 Güris D, Strebel PM, Bardenheier B, Brennan M, 
Tachdjian R, Finch E, et al. Changing epidemiology of 
pertussis in the United States: Increasing reported inci-
dence among adolescents and adults, 1990–1996. Clin 
Infect Dis 1999;28(6):1230–1237.

4.	 National Health and Medical Research Council. The 
Australian Immunisation Handbook. Canberra: Australian 
Government Department of Health and Aging; 2008.

5.	 Wood N, McIntyre P. Pertussis: review of epidemiology, 
diagnosis, management and prevention. Paediatr Respir 
Rev 2008;9(3):201–212.

6.	 Bisgard KM, Pascual FB, Ehresmann KR, Miller CA, 
Cianfrini C, Jennings CE, et al. Infant pertussis: who was 
the source? Pediatr Infect Dis J 2004;23:985–989.

7.	 Crowcroft NS, Booy R, Harrison T, Spicer L, Britto J, 
Mok Q, et al. Severe and unrecognised: pertussis in UK 
infants. Arch Dis Child 2003;88(9):802–806.

8.	 Wendelboe AM, Njamkepo E, Bourillon A, Floret  DD, 
Gaudelus J, Gerber M, et al. Transmission of 
Bordetella pertussis to young infants. Pediatr Infect Dis J 
2007;26(4):293–299.

9.	 Elliott E, McIntyre P, Ridley G, Morris A Massie J, 
McEniery  J, et al. National study of infants hospitalized 
with pertussis in the acellular vaccine era. Pediatr Infect 
Dis J 2004;23(3):246–252.

10.	Chuk LM, Lambert SB, May ML, Beard FH, Sloots TP, 
Selvey CE, et al. Pertussis in infants: how to protect the 
vulnerable? Commun Dis Intell 2008;32(4):449–456.

11.	Kowalzik F, Barbosa AP, Fernandes VR, Carvalho PR, 
Avila-Aguero ML, Goh DY, et al. Prospective multina-
tional study of pertussis infection in hospitalized infants 
and their household contacts. Pediatr Infect Dis J 
2007;26(3):238–242.

12.	Vitek CR, Pascual FB, Baughman AL, Murphy TV. 
Increase in deaths from pertussis among young infants 
in the United States in the 1990s. Pediatr Infect Dis J 
2003;22(7):628–634.

13.	Halperin S, Wang EE, Law B, Mills E, Morris R, Déry P, 
et al. Epidemiological features of pertussis in hospital-
ized patients in Canada, 1991–1997: Report of the 
Immunization Monitoring Program – Active (IMPACT). 
Clin Infect Dis 1999;28(6):1238–1243.

14.	Bonmarin I, Levy-Bruhl D, Baron S, Guiso N, Njamkepo E, 
Caro V, et al. Pertussis surveillance in French hos-
pitals: results from a 10 year period. Euro Surveill 
2007;12(1):pii=678. Accessed April 2009. Available 
from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=678

15.	Roper K. Outbreak of pertussis, 1 January to 31 March 
2009. Commun Dis Intell 2009;33(1):36–37.

16.	Organisation for Economic Co-operation and 
Development. OECD Family Database. SF1: Family 
size and household composition. 2008. Accessed May 
2009. Available from: http://www.oecd.org/datao-
ecd/62/22/41919509.pdf

17.	Wood N, Quinn HE, McIntyre P, Elliott E. Pertussis in 
infants: Preventing deaths and hospitalisations in the very 
young. J Paediatr Child Health 2008;44(4):161–165.




