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Abstract

Background Pertussis, a highly contagious, vaccine-preventable respiratory infection caused by Bordetella pertussis, is a
leading global public health issue. Ethiopia is currently conducting multiple pertussis outbreak investigations, but there is a
lack of comprehensive information on attack rate, case fatality rate, and infection predictors. This study aimed to measure
attack rates, case fatality rates, and factors associated with pertussis outbreak.

Methods This study conducted a systematic review and meta-analysis of published and unpublished studies on pertus-
sis outbreaks in Ethiopia from 2009 to 2023, using observational study designs, using the guideline Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA). The study utilized databases like Science Direct, MEDLINE/
PubMed, African Journals Online, Google Scholar and registers. The data were collected using an Excel Spreadsheet and
then exported to STATA version 17 for analysis. Subgroup analysis was conducted to identify potential disparities. A random
effects model was used to consider heterogeneity among studies. I>-squared test statistics were used to assess heterogene-
ity. The attack rate, case fatality rate, and odds ratio (OR) were presented using forest plots with a 95% confidence interval.
Egger’s and Begg’s tests were used to evaluate the publication bias.

Results Seven pertussis outbreak investigations with a total of 2824 cases and 18 deaths were incorporated. The pooled
attack and case fatality rates were 10.78 (95% CI: 8.1-13.5) per 1000 population and 0.8% (95% CI: 0.01-1.58%), respec-
tively. The highest and lowest attack rates were in Oromia (5.57 per 1000 population and in the Amhara region (2.61 per
1000 population), respectively. Predictor of pertussis outbreak were being unvaccinated [odds ratio (OR)=3.05, 95% CI:
1.83-4.27] and contact history [OR =3.44, 95% CI: 1.69-5.19].

Conclusion Higher and notable variations in attack and case fatality rates were reported. Being unvaccinated and having
contact history were the predictors of contracting pertussis disease in Ethiopia. Enhancing routine vaccination and contact
tracing efforts should be strengthened.
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Abbreviations 1 Introduction

AR Attack rate

CFR  Case fatality rate A pertussis outbreak investigation involves identifying and
CI Confidence interval confirming suspected outbreaks through prompt and intel-
DPT diphtheria pertussis tetanus and OR: Odds ratio ligent use of appropriate procedures to contain the out-

break [1]. The aim of the pertussis outbreak investigation
is to assess the outbreak’s magnitude, locate the source and
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population at risk, and initiate prompt case management in
order to lower morbidity and mortality [2].

Pertussis (whooping cough), a highly communicable
respiratory infection caused by Bordetella pertussis infec-
tion [3]. A cough of 14 days or more, or any duration with a
paroxysm, or any duration cough with whoop is the suspect
of pertussis case. A case that meets the clinical case defini-
tion and is linked epidemiologically or directly to a labo-
ratory-confirmed case is known as a confirmed case [4, 5].
Catarrhal, paroxysmal, and convalescent are the three stages
of pertussis. Grasping, fever, congestion, and sneezing are
all part of the catarrhal stage. A severe cough, cyanosis, and
rapid coughing are symptoms of the paroxysmal stage. Over
the course of two to three weeks, the cough will lessen in
intensity and eventually go away during the convalescent
phase [1, 6, 7].

Pertussis can be transmitted through respiratory contact
with infected individuals’ secretions, up to two weeks before
and after symptoms appear [8, 9]. There are no known
sources of pertussis in animals, insects, or vectors; humans
are the only known reservoir for the disease [10, 11].

Globally, over 150,000 cases, with 160,700 children are
dying annually. Africa has the highest global case and death
rates of the disease, accounting for 33% of cases and 58%
of deaths [12]. In 2016, Ethiopia reported 4,719 confirmed
pertussis cases and 9 deaths [13].

Pertussis cases and outbreaks are primarily influenced
by factors such as living in close proximity to an infected
person, waning immunity post-vaccination, and not being
immunized [10, 14]. Individuals without diphtheria, pertus-
sis and tetanus (DPT) vaccines in the same household are
80-100% susceptible to exposure, while those immunized
and living in the same household are 20% [15].

The highest likelihood of pertussis-related morbidity
and mortality is present in infants and early childhood [16].
Young unvaccinated infants, under-vaccinated preschool
children, and those under 6 months old are at higher risk for
severe complications related to pertussis [17].

Vaccination is the most effective method for preventing
pertussis in all age groups [18]. High vaccine coverage leads
to high protection in children under five, while minor reduc-
tions can increase cases [ 1, 19]. Three doses of the pertussis
vaccine, when completed, prevent 95% of deaths and 80%
of cases. It has been demonstrated that incomplete vaccina-
tion can prevent severe morbidity; mortality is reduced by
50% and 80%, respectively, after one and two doses [1, 20].

Most African countries, except Morocco and Rwanda,
have varying DPT3 coverage by 25%, with Ethiopia, Soma-
lia, and Angola having low coverage and high dropout rates
[21].

Ethiopia’s national vaccination strategy includes Pen-
tavalent vaccines at 6, 10, and 14 weeks, but not pertussis
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booster. Despite good coverage, recent outbreaks of pertus-
sis have been reported in various localities [22].

In 2009 and 2017, Ethiopia introduced advanced field epi-
demiology and frontline programs, respectively to improve
outbreak identification and investigation [23]. Meta-analy-
sis is a widely-used tool that integrates findings from vari-
ous studies to inform decision-making in evidence-based
medicine [24]. Ethiopia is currently conducting multiple
pertussis outbreak investigations, but there is a lack of com-
prehensive information on attack rate, case fatality rate, and
infection predictors. Therefore, this study aimed to measure
the pooled attack rates, case fatality rates, and factors asso-
ciated with pertussis outbreak.

2 Methods
2.1 Study Design and Searching Methods

A systematic review and meta-analysis of published or
unpublished studies on pertussis/ whooping cough out-
breaks were employed from December 1-25/2023 by using
the guideline Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) in this study. The
databases of Science Direct, MEDLINE/PubMed, African
Journals Online, and Google Scholar were searched for pub-
lished studies. The terms that were used were “Whooping
cough or pertussis or Bordetella pertussis and attack rate or
incidence and case fatality rate or mortality and determi-
nants or risk factors and outbreak or epidemic and investiga-
tion or study or search and Ethiopia.”

2.2 Study Selection and Eligible Criteria

All published or unpublished articles on pertussis/ whooping
cough outbreaks investigations in Ethiopia were included in
this systematic review and meta-analysis. The study designs
used in the studies were observational study designs. The
systematic review included studies on pertussis/ whooping
cough outbreak investigations that were written, in English
andaccessible online between 2009 and 2023. Outbreak
investigations without attack rate or case fatality rate mea-
surement were excluded.

2.3 Measurement of Outcomes

The pertussis attack rate, which is determined by dividing
the number of cases of the disease by the total number of
population at risk and multiplied by 100, and the case fatality
rate, which is determined by dividing the number of deaths
from the disease by the total number of cases and multiplied
by 100 [25], are the outcome variables. Additionally, factors
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influencing the likelihood of getting a Bordetella pertus-
sis infection were outcome variables. The presence of the
Bordetella pertussis infection was determined by contact
and vaccination status. These factors were reported in odds
ration with 95% CI.

2.4 Quality Assessment and Data Extraction

Independently, two authors reviewed full-length articles,
examined titles and abstracts, and evaluated the quality of
studies to include or exclude. To ensure transparent com-
munication and thorough analysis, the team convened with
a third author in order to arrive at a consensus decision. The
Joanna Briggs Institute quality check tool was used to assess
each study’s quality [26]. The eight checklists in this quality
check tool are designed to evaluate the following aspects
of research quality: (1) evaluating inclusion and exclusion
criteria; (2) summarizing the study subject and setting; (3)
measuring outcome; (4) measuring exposure; (5) identify-
ing confounding factors; (6) confounding factor control
strategies; (7) suitable statistical analysis; and (8) objective
and standard criteria applied. Seven studies that received a
score of six out of eight were considered suitable for inclu-
sion in the systematic review and meta-analysis.

Prior to collecting data, various kinds of literature were
reviewed in order to adapt a standard tool. Two authors
worked independently to develop the data extraction tool,
and two more authors made revisions. The tool was approved
by all authors prior to data collection. Author names, pub-
lication years, study designs, study periods, study settings,
sample sizes, descriptive data analysis (attack rate, case
fatality rate, outbreak duration, and vaccination status), and
Pertussis/ Whooping cough outbreak factors were among
the details included in the data extraction tool.

2.5 Data Management and Analysis

To perform the meta-analysis, data was gathered, arranged,
and imported into an Excel spreadsheet before being
imported into STATA version 17. The thorough evaluation
and consolidation of attack rates, case fatality rates, and vari-
ables influencing Bordetella pertussis infection was the pri-
mary objective of the systematic review and meta-analysis.

The attack rate, case fatality rate, and standard error data
from each study were used to calculate the pooled attack
and case fatality rates as well as the corresponding 95%
confidence intervals (CI). The findings were visually rep-
resented using forest plots, which showed the odds ratios
(OR) corresponding to variables linked to Bordetella pertus-
sis infection as well as the 95% confidence intervals (CI) for
attack and case fatality rates.

Subgroup analysis, which took into account variables
like study design and geography, was done to look into
any potential disparities. The meta-analysis used a random
effects model to take into consideration the heterogeneity
among the included studies.

The I>-squared test statistic and its associated p-value
were used to assess the heterogeneity of the investigation.
Heterogeneity was defined as a p-value less than 0.05. We
used 12 25, 50, and 75% statistics to indicate low, moderate,
and high heterogeneity [27], respectively. A meta-analysis’s
potential publication bias is often evaluated using Egger’s
and Begg’s tests, with a p-value of less than 0.005 indicating
the significance of the results [28].

3 Results
3.1 Study Selection

We were able to obtain a total of 242 records through elec-
tronic database searches. One hundred thirty investiga-
tions were removed from consideration after a preliminary
screening process that evaluated titles, abstracts, and full
article reviews. Following this, eligibility was assessed for
25 articles, of which 18 were rejected because of insufficient
reporting. In the end, seven studies satisfied the require-
ments and were included in the systematic review and the
meta-analysis (Fig. 1).

3.2 Characteristics of Included Investigations

Seven different Pertussis/whooping cough outbreak investi-
gations were included in this systematic review and meta-
analysis, a total of 2824 confirmed cases of the disease and
18 deaths recorded (ages 1 month to 51 years) [4, 5, 29-33].
Of the seven studies, four had a case-control study design
and the other three had a descriptive cross-sectional, study
design. Five articles were conducted in the Amhara region
[4, 5, 30, 32, 33], one in South Nation Nationality and Peo-
ple Region (SNNPR) [29], and one in Oromia region [31].
The included articles were investigated from 2017 to 2023,
and the outbreak lasted from 21 days to 149 days (Table 1).

3.3 Study bias Assessment Results

Every article was carefully evaluated, with studies receiving
an 8 out of 8 being classified as good quality, and studies
receiving a 6 or 7 being classified as medium risk. Using
the aforementioned appraisal tools, no study was left out of
the reviews. Cross-sectional and case-control studies were
assessed using the following criteria (Table 2).
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Fig. 1 Flow diagram of pertussis
outbreak investigation included in
systematic review and meta-analy-
sis in Ethiopia, 1980-2023

Identification of investigations through databases

Identification

|

Investigations Identified from:

\ @ Google scholar (n = 97)

e PubMed (n = 66)

@ African Journal Online (n = 63)
@ Science Direct (n=11)

@ Reqgisters (n = 5)

Investigations removed before
screening (n = 87)

Investigations screened

(n=155)

Investigations excluded
(n = 130)

Screening

Investigations Excluded due to

@ Abstracts with no full data (n = 13)

Investigations assessed
‘ for eligibility (n = 25)

e Investigations with different
outcome measures (n = 5)

Included

i

Investigations included in
systematic review and
meta-analysis (n = 7)

Table 1 Summary characteristics of studies included in a systematic review and meta-analysis of a pertussis outbreak investigation in Ethiopia,

2009-2023
Author Study Study Period Study design Sam-  Outbreak AR per CFR
area ple duration 1000 (%)
size Population
Mitiku AD. et al., 2020 SNNPR  1st September 2018 to 9th January Cross-sectional 1840 149 days  17.080 0.33
2019

Yeshanew A.D. et al., 2022 Amhara  March 27—April 30, 2019 Case-control 182 21 days 0.864 0
Almaw L. et al., 2019 Amhara  April 22-May 10, 2017 Case-control 120 60 days 1.352 0
Alamaw S.D. et al. Ambhara Case-control 315 112 days 1.294 3.72
Badeso M.H. et al., 2022 Oromia  September 2018 to December 2018,  Cross-sectional 439 85 55.682 0.68
Wagaye et al., 2023 Amhara  December 3/2020 to January 05/2021 Cross-sectional 43 30 7.104 0
Mohammed S. et al., Amhara November 21-30,2022 Case-control 320 45 7.54 0.95

unpublished

3.4 Attack Rate

The systemic review and meta-analysis yielded a pooled
attack rate (A.R.) of 10.78 (95% CI: 8.1-13.5) per 1000
population [4, 5, 30-34] (Fig. 2). The heterogeneity was
significantly higher (p-value<0.0001 and 1*=99.81%
(95% CI: 99.78-99.84%)) (Fig. 3). There was a noticeable

@ Springer

publication bias found, with Eggers, P<0.0001 and funnel
plot (Fig. 4).

3.5 Case Fatality Rate
The pooled CFR for this study was 0.8% (95% CI: 0.01—

1.58%) [4, 28, 30, 31] (Fig. 5). Significantly moderate
heterogeneity was present (p-value=0.05 and I>=61.47%
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Table 2 Quality assessment checklist and result scores of each pertussis outbreak systematic review and meta-analysis in Ethiopia

Checklist Articles
Mitiku AD.  Yeshanew Almaw L.  Alamaw S.D. Badeso Wagaye et  Moham-
etal.,2020 A.D.etal., etal., 2019 etal., 2017 M.H. etal., al., 2023 med S. et
2022 2022 al., unpub-
lished
Participation criteria were followed v v v v v v 4
summarizing the study subject and setting v v v v v 4 4
objective and standard criteria applied v 4 v v 4 4 4
measuring outcome v v v v 4 4 v
measuring exposure v v v v v v v
identifying confounding factors v v 4 v X X v
confounding factor control strategies; v v X v X X v
suitable statistical analysis v v v v 4 v 4
Total score 8/8 8/8 7/8 8/8 6/8 6/8 8/8
Fig. 2 Forest plot of attack rate . .
of pertussis outbreak in Ethiopia, AR per 1000 pOpUIﬁthﬂ Welght
2009-2023 Study (95% Cl) (%)
m
Mitiku AD. et al, 2020 bR 17.08[16.31, 17.85] 14.90
YeshanewAD. etal, 2022 5 | 086[ 071, 1.01] 1508
Amaw L. etal 2019 KX : 135] 101, 169 15.05
Alamaw S D. et al, 2017 X | 129( 112, 146 15.07
Badeso M H etal, 2022 : > 5568(5062, 6074] 992
Wagaye et al, 2023 & 710 643, 777 14.95
Mohamed S. et al, Unpublished X 750 710, 790) 1503
|
Overall (-Squared = 99.81%, P = 0.00) ’ 10.78 [ 806, 13.51]
I
I
I
I
I
I - T ¥ T
0 20 40 60
Note: Weights were from Random-effects analysis
w5 Galbraith plot with 95% Confidence interval of Precision . .
=] Funnel plot with Pseudo 95% Confidence Interval
° o
8o .
2 . 0 '
&
5 . 5
§ o [ ] 'E
(2] 0]
T
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© ; . 22F 2
0
Precision (1/se))
95% Cl ®  Studies o
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se;: estimated V(04T o) 5 T : i | i
-.02 0 .02 .04
Effect size

Fig. 3 Galbraith plot with 95% CI of precision of Attack rate during

pertussis outbreak investigations in Ethiopia, 2009-2023

Fig.4 Funnel plot with Pseudo 95% CI to assess publication bias of the
Meta-analysis of attack rate during pertussis outbreak investigations in
Etiopia, 20092023
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Fig.5 Forest plot of case fatality
rate of pertussis outbreak in Ethio-

CFR(%)  Weight

pia, 2009-2023 StUdy (95% C|) (%)
Mifiku AD. et al, 2020 p 0.33] 0.07, 059] 46.10
Alamaw $.D. etal, 2017 | 372[ 119, 625] 796
Badeso M.H. etal, 2022 - 068[-0.00, 1.45] 3298
Mohamed S. etal, 2023 T 0.95[-091, 281) 1295
Overall (+Squared = 61.47%, P = 0.05) s 0.80[ 0.01, 158)
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Fig.6 Galbraith plot with 95% CI of precision of case fatality rate dur-
ing pertussis outbreak investigations in Ethiopia, 2009-2023

(95% CI: 0-87.1%)) (Fig. 6). There was a detectable publi-
cation bias with Egger tests, p-value=0.015 and funnel plot

(Fig. 7).
3.6 Subgroup-Analysis

Based on a subgroup analysis of attack rates by region, the
Oromia region had the highest attack rate, with 55.7 (95%
CI: 50.6—60.7) per 1000 population. The Amhara region had
the lowest reported AR, 2.61 (95% CI: 1.81-3.40) per 1000
population. A higher attack rate was reported in the cross-
sectional study design: 26.30 (95% CI: 11.35-41.26) per
1000 population (Table 3).
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Fig.7 Funnel plot with Pseudo 95% ClI to assess publication bias of the
Meta-analysis of case fatality rate during pertussis outbreak investiga-
tions in Ethiopia, 2009—2023

Table 3 Subgroup analysis for an attack rate of pertussis outbreak in
Ethiopia, 2009—-2023

Subgroup Number  Sam- AR per 12 (%) P-value
of studies ple 1000(95%
size  CI)

By region

Ambhara 5 980 2.61 96.77 0.0001
(1.81-3.40)

Oromia 1 439 557 - -
(50.6-60.7)

SNNPR 1 1840 17.1 - -
(16.3-17.9)

By study Design

Case-control 4 617  2.05 96.78 0.0001
(1.32-2.78)

Cross-sectional 3 2322 26.30 99.35 0.0001
(11.35-
41.26)
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3.7 Predictor of Pertussis Infection

Three investigations into outbreaks found a significant
association between the vaccination status—vaccinated
or unvaccinated—and the likelihood of contracting per-
tussis disease [4, 5]. According to the meta-analysis, indi-
viduals who had not received the pertussis vaccination had
an almost threefold increased risk of getting the illness
(OR=3.05, 95% CI: 1.83-4.27). The evidence of heteroge-
neity (I=0, P-value =0.6623) demonstrated the absence of
heterogeneity.

Contact history was found to be a significant risk fac-
tor for contracting pertussis in three outbreak investiga-
tions [4, 5, 30]. The individuals who had contact history
were more than 3 times more likely in contracting pertus-
sis disease (OR=3.44, 95% CI: 1.69-5.19). The heteroge-
neity test showed that there was no heterogeneity (I°=0,
P-value=0.6250) (Table 4).

4 Discussion

In order to assess the total evidence of the pertussis out-
break investigation in Ethiopia, a systematic review and
meta-analysis were carried out. During the course of the
outbreak investigation, the pooled attack rate of 10.78 (95%
CI: 8.06-13.51) per 1000 has been estimated. The highest
and lowest attack rates were 55.682 per 1000 population
[31] and 0.864 per 1000 population [5], respectively. There
could be several reasons for this variation in attack rate
between outbreaks, including the population’s vaccination
status, the duration of the outbreak, its range, and at the time
the intervention was launched. Differences may also exist
in the response-to-action threshold and the duration of the
outbreak investigation.

In four studies, the age group of children under five years
old had the highest age-specific attack rate, 197.7/1000 [31],
73.6/1000 [30], 6.8/1000 [4], and 5.5/1000 (929) popula-
tions. The age group of 5 to 9 years old had the highest

Table 4 Predictors of pertussis infection during outbreak investigation
in Ethiopia, 2009-2023

Variables No Sam- OR(95% CI) >  P-value
studies  ple (%)
size

Vaccinated

Yes 3 817 3.05(1.83-4.27) 0 0.6623
No

Contact

Yes 4 937 344 (1.69-5.19) 0 0.6250
No

Window

Yes 2 302 2.76 (0.72-4.81) 0 0.8479
No

attack rate (245 per 1000 population) according to one out-
break investigation [5]. Children under the age of four were
the most affected group population in another investigation
[33].

A sex-specific attack rate was found to be similar in four
outbreak investigations [5, 30-32], whereas the highest
attack rate was found in females in two outbreak investiga-
tions [4, 33].

Six articles [4, 5, 29, 31-33] used the epidemic curve to
plot the outbreak over time, while the epidemic curve was
not used to characterize the outbreak in terms of time in one
outbreak investigation [30]. Between September and Janu-
ary, three distinct outbreaks had occurred [29, 33].

Two outbreak investigations used place specific attack
rate but did not use map [5, 31], while three outbreak inves-
tigations did not use place specific attack rate [4, 30, 33].
In one outbreak investigation, place specific attack rate and
map were utilized [29]. The attack rate showed significant
regional variation. Between 0.864 and 7.5 attacks per 1000
population were noted in the Amhara region [4, 5, 30, 32,
33], 55.682 attacks per 1000 population in the Oromia
region [31], and 17.080 attacks per 1000 population in the
SNNPR region [29]. According to subgroup analysis, the
Ambhara region had the lowest pooled attack rate (2.61 per
1000 population) [4, 5, 30, 32, 33], while the Oromia region
had the highest pooled attack rate (55.682 per 1000 popula-
tion) [31]. This discrepancy could result from a difference
in the timing of the outbreak response’s start and detection.
After the outbreak had been ongoing for two weeks and two
months, respectively, the district health office and the zonal
health department in the Oromia region responded to it [31].
Another explanation for this variation could be the different
denominator used to calculate the attack rate. In the Oromia
region, the smallest administrative unit, the affected Keble
[31], served as the denominator, whereas in other outbreak
investigations, the district population—which included
people living outside of affected Kebeles—was used. This
could inflate the AR in the Oromia region.

A higher attack rate—26.30 (95% CI; 11.35-41.26) per
1000 population—was found in subgroup analysis of a
cross-sectional study design. This could be as a result of
the case-control study design’s primary focus on risk factors
identification during data collection, which could jeopardize
active case search.

In this study, the pooled case fatality rate was 0.8% (95%
CI: 0.01-1.58%). The case fatality rate in four outbreaks [4,
29, 31, 32] ranged from 0.33 to 3.72%, while in three other
outbreak investigations, the CFR was zero [5, 30, 33]. The
variation may be attributed to disparities in the duration of
the outbreak. The Amhara region experienced an outbreak
with a CFR of 3.72% for 112 days [4], the Oromia region
experienced an outbreak with a CFR of 0.68% for 85 days

@ Springer
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[31] and the SNNPR experienced an outbreak with a CFR
of 0.33% for 149 days [29]. The duration of outbreak of
the remaining outbreak investigations, which had zero CFR,
was 60 days [30], 30 days [33] and 21 days [5]. A discrep-
ancy in the intervention’s start time could be another factor.
Three fatalities were recorded in the Oromia region prior to
the start of the outbreak control and public health response
measures. Additional deaths might have been avoided if
clinical case management had started sooner [31].

In two outbreak investigation, the highest CFR was
observed at the age of 5-9 years, 6.3% [4] and 1.4% [31].
The age group <5 years had the highest CFR, 0.87% [29] in
another outbreak investigation. In one unpublished outbreak
investigation, the highest CFR was reported at the age group
of <1 year, 17% [32]. This variation might be due to differ-
ence in immunization status across age group.

In three outbreak investigation, females had the highest
CFR, 2% [32], 0.91% [31] and 4.34% [4].

Childhood pertussis vaccination provides limited protec-
tion, but when completed, it prevents 95% of deaths and
80% of cases with three doses [1, 19]. Individuals without
diphtheria, pertussis and tetanus (DPT) vaccines in the same
household are 80—100% susceptible to exposure [13]. The
study found that individuals who did not receive the pertus-
sis vaccination had a nearly threefold increased risk of con-
tracting the disease [4, 5, 32]. Two outbreak investigations
revealed that all cases had unknown vaccination status [32,
34], while in two other investigations, 41% of cases com-
pleted the DPT 3 dose [5, 30]. A study in Janamora district,
Ambhara region revealed 86.6% of cases were unvaccinated
[30], while 51.2% completed DPT3 in Mekdela district,
South Wollo zone, Amhara region [4]. Another study in
Mabhal Saynt district, South Wollo Zone, Amhara Region
showed that 34.29% of cases were not vaccinated [32]. The
article in the Oromia region, the study setting, had 100%
official reported vaccination coverage [31]. In four outbreak
investigation, there was no regular routine immunization
service and kebeles health posts didn’t have functional
refrigerators for the storage of vaccines [4, 30, 31, 33], the
study in SNNPR showed that investigation team did not find
continuously recorded temperature monitoring tools [29].

Pertussis cases and outbreaks are primarily influenced by
factors such as living in close proximity to an infected per-
son [10, 13]. The individuals who had contact history were
more than three times more likely in contracting pertussis
disease as compared to individuals who had no contact his-
tory. This is congruent with the study conducted in Australia
[34].

Even though this study provided the consolidated evi-
dences for pertussis outbreak investigation in Ethiopia,
there are some limitations. First, this study only included
pertussis outbreak investigations, which were written in
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English and accessible online. This might under or overes-
timate attack rate and case fatality rate. Secondly, the cross-
sectional and case-control study designs employed in all of
the included outbreak investigations restrict the ability to
evaluate causal relationships.

5 Conclusion

Our results showed that higher as compared with 2023
Provisional Pertussis Surveillance Report and significant
differences in attack and case fatality rates between the vari-
ous study regions. In Ethiopia, the risk factors for catching
pertussis were not getting vaccinated and having a history
of contact. The overbearing measures include enhancing
routine vaccination and contact tracing efforts should be
strengthened.
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