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We compared data from the 2015 and 2024 pertussis
epidemics in New South Wales, Australia. In 2024, we
found twice as many notifications and a shift in distribu-
tion to older children. COVID-19 interventions and lack
of circulation of pertussis likely contributed to an age co-
hort immunity gap and increased infections.

Pertussis (whooping cough) is a highly contagious
respiratory disease caused by Bordetella pertus-
sis bacteria. Although infants <6 months of age are
at greatest risk for severe disease and death (1), in-
fections occur across all age groups. Immunity from
both immunization and infection wanes over time.
Consequently, pertussis remains endemic in New
South Wales (NSW), Australia, and causes epidemics
every 3-4 years (2,3).

Pertussis vaccines are funded in Australia un-
der the national immunization program. Since
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2009, pertussis vaccines are administered at 6
weeks, 4 months, 6 months, 18 months, and 4 years
of age in NSW; vaccination during pregnancy has
been funded since 2015. A booster dose is given
at age 12-13 through the NSW school vaccination
program (4). The COVID-19 pandemic disrupted
infection cycles, likely because of widespread non-
pharmaceutical interventions that have reduced
transmission of multiple respiratory pathogens (5).
From 2020-2023, NSW reported historically low
pertussis activity, with <600 notifications annu-
ally (3). We describe age- and sex-specific patterns
across 2 epidemics in NSW, in 2015 and 2024, and
discuss the potential results of pandemic-related

interventions and waning immunity as likely con-
tributors to observed pattern changes.

We calculated age-specific rates by using annual
NSW population estimates (6). Confirmed pertussis
cases (7) are reported to the NSW notifiable condi-
tions information management system, a statutory
public health register of infectious diseases legally
notifiable to NSW Health (8). Our review of those
data reveals NSW experienced a resurgence in 2024,
recording the highest annual total since pertussis be-
came notifiable in 1991. After 1991, the most recent
NSW epidemic occurred in 2015. During 2015-2024,
a total of 68,842 confirmed pertussis cases were re-
ported in NSW, including 12,007 in 2015 and 25,695 in

Table. Demographic characteristics of pertussis cases notified in New South Wales, Australia, 2015 and 2024*

Notifications Rate, cases/100,000 populationt  IRR, 2024 vs. 2015
Characteristic 2015 2024 2015 2024 (95% CI)
Age group
<1y 336 (2.80) 503 (1.96) 34247 505.03 1.47 (1.28-1.69)
0-5 mo 171 (1.42) 232 (0.90) 348.58 516.33 1.48 (1.22-1.8)
6-11 mo 165 (1.37) 271 (1.05) 336.35 603.13 1.79 (1.48-2.18)
14y 1,477 (12.30) 1,641 (6.39) 372.04 431.54 1.16 (1.08-1.24)
59y 3,020 (25.15) 5,964 (23.21) 617.39 1,187.25 1.92 (1.84-2.01)
10-14y 2,666 (22.20) 9,762 (37.99) 594.18 1,904.40 3.21 (3.07-3.35)
15-24y 981 (8.17) 2,738 (10.66) 99.50 275.72 2.77 (2.58-2.98)
25-34y 645 (5.37) 859 (3.34) 57.77 73.85 1.28 (1.15-1.42)
35-44y 905 (7.54) 1,185 (4.61) 87.96 105.64 1.2 (1.1-1.31)
45-54y 853 (7.10) 1,332 (5.18) 86.51 131.25 1.52 (1.39-1.65)
>55y 1,124 (9.36) 1,711 (6.66) 54.41 71.95 1.32 (1.23-1.43)
Sex
M 5,607 (46.70) 12,883 (50.14) 148.47 317.32 2.14 (2.07-2.21)
F 6,386 (53.19) 12,801 (49.82) 166.32 311.78 1.87 (1.82-1.93)
Unknown/other 13 (0.11) 10 (0.04) NA NA NA
Median age, y (IQR) 11 (7-33) 11 (9-17) NA NA NA
Total cases 12,007 (100.0) 25,695 (100.0) 157.65 314.68 2 (1.95-2.04)

*Values are no. (%) cases except as indicated. IRR, incidence rate ratio. NA, not applicable.
1As no population was available for the groups 0-5 mo and 6—11 mo, the total population estimates for people <1 years of age in 2015 and 2024

respectively was halved. Those populations were then used for rate calculations.
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2024. Compared with 2015, notifications in 2024 more
than doubled, and the age distribution shifted toward
older children, with the greatest proportion of noti-
fications in 10-14-year-olds. The notification rate in
2024 (314.7/100,000 population) was almost double
the rate of 2015 (157.7/100,000 population) (Table).
The ratio of male to female notifications in 2015 was
0.88; in 2024, the ratio of male to female notifications
was 1.08.

In 2015, the highest proportion of cases occurred
in children 5-9 years of age (25.2%), followed by those
10-14 years of age (22.2%). By contrast, children 10-14
years of age dominated the 2024 epidemic caseload
(38.0%), followed by those 5-9 years of age (23.2%).
The percentage of cases in children <5 years of age
declined from 15.1% in 2015 to 8.3% in 2024 and in
children <6 months of age from 1.4% in 2015 to 0.9%
in 2024. Conversely, the notification rate for children
10-14 years of age more than tripled, from 594.2 cas-
es/ 100,000 population in 2015 to 1,904.4 cases /100,000
population in 2024 (incidence rate ratio [IRR] 3.21
[95% CI 3.07-3.35]) (Table). That increase was not ob-
served to the same extent in other age groups, par-
ticularly those >25 years of age. The median age at
notification remained consistent at 11 years in both
epidemics. However, the interquartile range for age
narrowed substantially, from 7-33 in 2015 to 9-17 in
2024 (Table), reflecting a more concentrated distribu-
tion of cases among school-age children in 2024.

The COVID-19 pandemic likely changed health-
seeking and testing behaviors, resulting in a higher
proportion of persons with laboratory-confirmed
pertussis. That behavior change might have contrib-
uted to higher notifications in 2024, but it is unlikely
to explain the pronounced shift in age distribution.
Several factors possibly contributed. The near ab-
sence of circulating pertussis during the pandemic
could have disrupted natural immune boosting
from exposure to Bordetella pertussis. That disrup-
tion probably had the greatest effect on children
approaching adolescence, as reflected in the age-
specific rates (Figure). In 2024, the risk of infection
increased with each year of age among school-age
children, particularly in those 8-12 years of age, who
were several years past their last scheduled vac-
cine dose and therefore more susceptible to illness
because of waning immunity. That immunity gap
likely enabled rapid transmission through school
populations. In contrast, the relative reduction in
the age-specific rates from age 13 years onward,
seen in both epidemics but more noticeably in 2024,
signals the effect of the adolescent booster and its
importance in maintaining immunity (Figure). The
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NSW pertussis resurgence in 2024 aligns with inter-
national observations after the easing of COVID-19
restrictions, with increased incidence among older
children reported by several countries (9). Those par-
allels point to global immunity gaps attributable to
reduced pathogen circulation during the pandemic.

In conclusion, the 2024 NSW pertussis epidemic
differed substantially from the 2015 epidemic in both
magnitude and age profile. Waning immunity, ex-
acerbated by reduced natural boosting during the
COVID-19 pandemic, likely contributed to the in-
creased effects, particularly in children 8-12 years of
age. Future research should explore vaccine effective-
ness during extended inter-epidemic periods and the
role of adolescent boosters to mitigate transmission.
Adjustments should be made to surveillance and out-
break response strategies to prevent and reduce the
effects of future outbreaks.
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Because the epidemiology of Bundibugyo virus remains
unclear, we reanalyzed the first recognized outbreak
(Uganda, 2007). Adjusting for case underascertainment
and the effect of control measures, we estimated the
effective reproduction number (1.55, falling to <1 after
intervention) and case-fatality rate (31%, declining to
25%). The underascertainment rate was 15%.

Bundibugyo virus (BDBV) is 1 of 6 orthoebola-
viruses (genus Orthoebolavirus), constituting the
species Orthoebolavirus bundibugyoense (1) and causes
rare but severe disease in humans (2). Two other or-
thoebolaviruses, Ebola virus (EBOV) and Sudan vi-
rus, have caused the largest outbreaks and are highly
lethal; case-fatality rates (CFRs) average =50% (2).
BDBYV is considered less lethal; CFRs are reported to
be 30%-40%, and it has historically caused only small
outbreaks (3). The ongoing 2026 outbreak in the Dem-
ocratic Republic of the Congo and Uganda shows a
different pattern: first reports in late May 2026 re-
corded >600 suspected cases, and >2,000 cases were
projected within 3 months (4). Despite this potential
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for large outbreaks, the transmissibility and severity
of BDBV remain poorly characterized.

Control measures, such as case isolation, active
case finding, infection control in hospitals and isolation
wards, and safe burial practices, are key to curbing Eb-
ola outbreaks, in part by limiting superspreading and
lowering mortality rates (5). However, those measures
also alter the epidemiologic parameters used to char-
acterize an outbreak: the desirable reduction in the re-
production number can be accompanied by improved
case ascertainment and reduced mortality rates. Fail-
ing to account for the effect of control measures can
bias estimates of transmissibility and severity, whereas
adjusting for them yields values closer to the natural
history of the virus. In this study, we reanalyzed the
first reported BDBV outbreak (Bundibugyo, Uganda,
2007) (6) to obtain robust estimates of transmission po-
tential and CFR adjusted for both case underascertain-
ment and the effect of control measures.

We digitized weekly counts of confirmed and
probable cases from a 2010 study (6), retaining 110
cases (37 deaths) with a known week of symptom on-
set. We excluded 6 additional cases (2 deaths) lacking
onset dates. Those data are consistent with 116 con-
firmed and probable cases and 39 deaths (crude CFR
34%) reported for the outbreak (6). Control measures
were initiated in week 48, which we used to define
preintervention and postintervention periods. We es-
timated transmission with a renewal process incorpo-
rating intrinsic back-projection to the time of infection
(7), informed by the incubation period and time from
onset to transmission, the latter adapted from EBOV
(8). That linked the effective reproduction number (R))
to the time of infection rather than to symptom onset.
We modeled the intervention as a step reduction at
week 48 in R and in case underascertainment, together
with a multiplicative reduction in the CFR. We as-
sumed that deaths were fully recorded throughout the
outbreak, whereas nonfatal cases that occurred before
the intervention could have been missed (9). We fitted
the model in a Bayesian framework and report poste-
rior means with 95% credible intervals (Crls) (Appen-
dix, https://wwwnc.cdc.gov/EID/article/32/10/26-
1175-Appl.pdf).

Before the intervention, BDBV was capable of
sustained transmission of R of 1.55 (95% Crl 1.02-
2.36). The R markedly declined to 0.50 (95% Crl1 0.17-
1.15) after the intervention (Figure; Appendix Figure
1). We estimated that ~15% (95% Crl 2.7%-31.7%) of
cases were under ascertained, corresponding to 20
(95% Crl 3-51) cases predicted to be missed. After ad-
justing for underascertainment, the preintervention
CFR was 31.4% (95% Crl 21.8%-42.8%), which then
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