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Introduction

Pertussis, also called whooping cough, is an acute, distress-
ing, infectious disease caused by a gram-negative toxin-pro-
ducing pleomorphic bacillus: Bordetella pertussis; and less 
commonly B. parapertussis.1 This bacterial infection spreads 
from infected to susceptible hosts via airborne droplets and 
respiratory secretions. It runs a mild to a severe course 
through three stages: a catarrhal, a paroxysmal, and finally, a 
convalescent phase. As a hallmark of the disease, pertussis 
patients during the paroxysmal phase usually present with 
sudden and intense episodes of cough with or without a ter-
minal whoop. Other symptoms and signs are post-tussive 
vomiting and cyanosis.2

Despite having humans as the sole reservoir, this fastidi-
ous and highly contagious organism has caused outbreaks 

from the 17th century to date. Historically, pertussis showed 
a very high incidence rate, attack, and case fatality ratio with 
a preponderant affectation of under 5-year-old children.1 In 
recent times, the advent of modern medicine has ushered in 
tremendous improvements in the indices mentioned above 
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and an overall improvement in disease control. The public 
health strategies for the control of pertussis (whooping 
cough) are vaccination of susceptible individuals—espe-
cially children, enhanced surveillance, and case management 
following the detection of outbreaks.2

With the support of the World Health Organization, the 
Nigerian Government launched the Expanded Program on 
Immunization (EPI) in 1974 to institutionalize the control of 
childhood killer diseases, including pertussis.3,4 Studies 
revealed that the introduction of the pertussis vaccine has 
contributed to a reduction in the incidence of the disease in 
modern times. However, the worldwide pertussis disease 
burden continues to be huge. Globally, estimates showed a 
cumulative of 24.1 million cases and 160,700 deaths in under 
5-year-old children in the year 2014.5 Sadly, the Nigerian 
pertussis data may not be reliable.6

One of the major challenges in pertussis control, espe-
cially in developing countries, is the sub-optimal immuniza-
tion coverage. The causes of the persistent sub-optimal 
immunization coverage are weak demand creation, vaccine 
hesitancy, poor microplanning, inadequate staffing, infra-
structural gaps, difficult terrains, adverse events following 
immunization, and data quality errors.7–10 For instance, the 
national coverage for the pentavalent 3 vaccine (which offers 
protection against pertussis among others) in Nigeria was 
33% in the year 2017 with differentially lower indices in 
many parts of the northern region.11 The immunization gap 
was worsened by sub-optimal pertussis surveillance systems, 
surveillance data quality issues, and the shortage of diagnos-
tic tools.12 Furthermore, pertussis-protective antibody levels 
wane over time resulting in secondary vaccination failure.

In Kebbi State, there had been sporadic suspected out-
breaks of pertussis, which were hitherto not thoroughly inves-
tigated either due to less prioritization of pertussis surveillance 
or due to numerous competing demands. Consequently, the 
authors conducted a full investigation into the suspected out-
breaks of pertussis between the 14th and 42nd epidemiologi-
cal weeks of 2019. Hence, this study reviewed pertussis 
outbreak data and assessed the factors associated with pertus-
sis outbreaks to support better immunization and surveillance 
strategies in Kebbi State, Nigeria.

Methods

Study design

We conducted a community-based unmatched case–control 
study and reviewed the 2019 pertussis surveillance data in 
the affected settlements in Kebbi State.

Study setting

This study was carried out in Kebbi State of Northwest 
Nigeria. The State internationally borders with Niger and 
Benin Republics, and locally with Zamfara, Sokoto, and Niger 

States. Kebbi State consists of 21 local government areas 
(LGAs) that comprise 225 administrative wards, which are 
organized into four traditional emirates. This study was con-
ducted in Tungan Noma and Gayi settlements of Kalgo LGA 
and Jelani and Kaiwa settlements of Argungu LGA. These set-
tlements are essentially rural populations. There are 36 health 
facilities (HFs) in Kalgo LGA, where 28 HFs were providing 
routine immunization (RI) services. Likewise, among 46 HFs 
in Argungu LGA, 43 of them were offering RI services. From 
the 2019 RI report, the Penta 3 coverage was 124% and 94.6% 
in Argungu and Kalgo LGAs, respectively.

Regarding disease surveillance at the LGA level, all the 
HFs in the LGAs are expected to report notifiable disease via 
the integrated disease surveillance and response (IDSR) strat-
egy every month. In Kalgo LGA, the timeliness and complete-
ness of IDSR monthly reporting for the year 2019 were 72% 
and 78%, respectively, while Argungu LGA had the timeliness 
of 74% and completeness of 91%. These key performance 
indicators affect disease outbreak detection and response.

Figure 1 shows the map of Kebbi State indicating in red 
the LGAs where there were suspected outbreaks and those in 
green were without suspected pertussis outbreak in 2019.

Case definitions

Suspected case: any person who has cough illness lasting at 
least 2 weeks with either paroxysm of coughing, inspiratory 
whoop, or post-tussive vomiting, without any other apparent 
cause. In this study, we do not have laboratory-confirmed 
pertussis, but we relied on the standard case definition as 
defined by the World Health Orgainzation (WHO).5

Epidemics of pertussis: an increase of pertussis incidence 
or number of cases over the reported baseline in a specific 
geographic area.

Study sample and sampling

The sample size calculation was based on the two-population 
difference formula. With the assumption of at least 25% dif-
ference of exposure between the case and controls, 95% con-
fidence interval, power of 80%, and ratio 1:2 were used in the 
formula, leading to 52 among the cases and 104 in the control 
group. During the study, the investigators selected 52 cases 
and 107 controls. The cases were selected from 277 suspected 
cases on the surveillance record (line list) using the lottery 
method. To select controls, the investigators obtained the list 
of households from an appropriate government agency, and 
the households were randomly selected. From each house-
hold selected, the youngest person was chosen as a control.

Data collection

This study had two parts: surveillance document review and 
community-based survey. The investigators reviewed the 
line list of all pertussis cases in the State. Three pertussis 
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outbreaks were reported, one in Argungu LGA, and two in 
Kalgo LGA. The line list had the list of all suspected pertus-
sis cases based on the WHO case definition. It also consisted 
of Epid number, name, settlement, ward, LGA, sex, age, date 
of onset, date of seen at HFs, date of specimen collection (if 
possible), laboratory result, admission status, and outcome 
of the disease (i.e. dead or alive). The LGA Disease 
Surveillance and Notification Officer generated the line list 
and transmitted to the State level (Epidemiology Unit) before 
the inception of the research.

The research questionnaire was adapted from a study con-
ducted in Ethiopia.13 The questionnaire was pre-tested and 
validated to fit the local context. Research Assistants were 
trained for 2 days on how to administer the questionnaire. The 
village head identified the cases and controls, and the head of 
each household was approached for verbal consent before 
being interviewed by the research assistants. The research 
assistant collected data face to face at a convenient time and 
place for the interviewee in November 2019. The confidenti-
ality of the information collected was maintained. The princi-
pal investigator and co-investigator regularly checked the 
completeness and consistency of information gathered. The 
completed questionnaires were kept in a secure place for sub-
sequent data entry.

Data management

All gathered information from the line list and questionnaires 
were converted into a soft copy on EpiData 3.1 using double 
entry. The data processing and analyses were done using R 
version 3.5.3 (R Foundation for Statistical Computing, 
Vienna, Austria). Epicalc package was used for data manage-
ment and analysis.14

The date of onset and date seen by healthcare providers 
were obtained from the line list and presented in a graph. All 
reported pertussis cases from the line list were grouped 
according to the epidemiological calendar, counted as Week 
1 in the first week of the year and continued chronologically. 
Specific attack rates by age and sex were calculated by divid-
ing the number of pertussis cases by the total population 
exposed in specific settlements per 100. The case fatality rate 
was calculated by dividing the number of death due to per-
tussis outbreak by the total population exposed to the out-
break in specific settlements per 100.

Using community survey data, socio-demographic, 
immunization history, clinical features, and exposure status 
were illustrated in frequency and percentage. Bivariate anal-
ysis was done to select candidate variables with a cut point of 
p value < 0.25. Prototype-independent variables were put in 

LEGEND
LGA with pertussis outbreak
LGA without pertussis outbreak

Figure 1. Map of Kebbi State indicating in red the LGAs where there were suspected outbreaks and those in green were without 
suspected pertussis outbreak in 2019.
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multiple logistic regression, and then a backward stepwise 
technique was used to select the best-fitted model. Chi-
square test was used for categorical variables, Fisher’s exact 
test was used for the categorical variables with small count. 
In contrast, Wilcoxon rank-sum test was used for the con-
tinuous variables to determine the association between 
dependent and independent variables. The effect size was 
presented in terms of the adjusted odds ratio (adj. OR) and 
95% confidence interval (CI).

Ethical approval

Indeed, the field survey was conducted while investigating the 
pertussis outbreaks in the two affected LGAs. The investigators 
obtained a waiver from the State Research Ethics Committee 
with reference number—MOH/KSREC/VOL.I/56. The inves-
tigators adhered to the ethical principles of research as enshrined 
in the Helsinki declaration.

Results

There was a total of 277 suspected pertussis cases reported in 
2019, 185 from Jelani and Kaiwa settlements of Argungu 
LGA and 92 from Gayi and Tungan Noma settlements of 
Kalgo LGA. There were 13 dead cases reported, all from 
Argungu LGA.

Of the total 159 study participants, the median age (inter-
quantile range (IQR)) for cases was 36 months (24,53.8), and 
control was 27 months (15, 38.5). More than half of the study 
participants were female. The study participants were mostly 
farmers and Muslims by religion. More than half of the study 
participants’ parents attended Quranic school. The median 
(IQR) number of family member in the households for cases 
were 7 (4,13.2) and controls were 6 (4,10). The distance to 
the nearest HF from the households ranged from 1 to 5 km 
with a median of 3 (2,4) and 2 (1,3) for cases and control, 
respectively. The travel time to reach the nearest HF ranged 
from 5 to 35 minutes, with a median of 20 (15,22.8) for cases 
and 15 (10,20) for controls (Supplementary Table).

Two pertussis outbreaks were reported in Kalgo LGA in 
April and October 2019. Figure 2 showed that the date of 
onset and date seen by health professionals in Kalgo LGA 
were short, and the outbreak ceased within a short period. 
However, in Argungu LGA, the pertussis outbreak occurred 
between July and September 2019, characterized by late 
notification and higher number of cases.

Figure 3 presents the breakdown of pertussis cases 
according to the epidemiological calendar of 2019. However, 
the graph showed weeks that there was at least a reported 
case. The highest number of pertussis cases were reported in 
weeks 35 and 36.

The attack rate and case fatality rate of pertussis according 
to different age groups and sex can be seen in Table 1. As can 
be seen from the table, the highest attack rate was observed 
among the 1–4 years age group, followed by children <1 year. 

The least attack rate was noted in the age group above 15 years. 
The overall attack rate in the four settlements of the two LGAs 
studied was 2.10%, and the case fatality rate was 0.10%. All 
the deaths were recorded among age group of 1–4 years. Our 
finding showed that higher attack was observed among 
females, whereas the case fatality rate was more among males.

The clinical features, exposure status, and immunization 
history of study participants were presented in Table 2. Post-
tussive vomiting was the most typical clinical feature of per-
tussis among cases, followed by whoop. Most of the cases 
and 46.7% of the controls had exposure to someone who has 
signs and symptoms of pertussis. Nearly 1 in 10 cases did not 
take the pentavalent vaccine, while 58.9% of controls did not 
receive vaccination for the pentavalent vaccine. Most of the 
cases and controls never had pertussis before.

Table 3 shows factors associated with having pertussis 
during an outbreak. Having pertussis vaccination and know-
ing prevention methods of pertussis were found to be pre-
ventive against pertussis disease. The cases were less likely 
to have pertussis vaccination history (adj. OR = 0.28, 95% 
CI = 0.11–0.74) compared with the controls. Knowing per-
tussis prevention methods were found protective for pertus-
sis transmission (adj. OR = 0.14, 95% CI = 0.04–0.45).

Discussion

We investigated pertussis outbreaks in two LGAs in Kebbi 
State in 2019. In this study, we reported two waves of pertus-
sis outbreaks in Kalgo LGA in different settlements but in 
the same political wards. In Argungu LGA, there was a sin-
gle wave of the outbreak of pertussis in the two settlements, 
which spanned from July to September 2019. The key differ-
ence between the two LGAs was the long interval between 
onset of cases and notification of health services (interven-
tion by primary health care authority). The delay in notifica-
tion and response in Argungu LGA explained the longer 
duration of the epidemic and a higher number of clinical 
cases of pertussis.

We found that children between 1 and 4 years of age were 
most affected and had the highest attack rate, followed by 
<1 year. Individuals who were more than 15 years were the 
least affected. Our study finding was similar to the report 
from Kaltungo, Gombe State in the northeastern part of 
Nigeria, where the most affected age group was 1–4 years.15 
Kebbi State has a persistently low immunization uptake and 
coverage evident by survey data,11,16,17 and this could explain 
the recurrent outbreak of pertussis. The 2019 administrative 
coverage for the third dose of pentavalent vaccine in the two 
LGAs was more than 90%. The figures are, however, not 
reliable due to an underestimated denominator and data qual-
ity issues.7,8 The poor immunization data quality increas-
ingly makes the use of survey data more valuable for critical 
decision-making and immunization performance review.

In this study, the female children were more affected and 
had a slightly higher attack rate than the males. In contrast, 
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Figure 2. Date of onset and date of pertussis cases seen by a health professional in the two LGAs of Kebbi State, Northwest Nigeria.

Figure 3. Number of pertussis cases reported by epidemiological calendar of 2019 in two LGA of Kebbi State, Northwest Nigeria.
Note: Epid calendar weeks with zero report are not presented in this graph.
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we found a higher case fatality rate in males than females. 
Similar to our study finding, studies from Ethiopia and 
Senegal showed a higher attack rate of pertussis among 
female children than male.12,13,18 The survey conducted in 
Gombe State, Nigeria, also found a higher incidence of per-
tussis among females.15 Our study reported an overall higher 
attack rate of 2.1% compared to previous studies conducted 
in Ethiopia and northeastern Nigeria. The relatively higher 
attack rate may be related to the immunization uptake and 
coverage at household and community levels in Kebbi State 
and northwestern Nigeria. Regarding the overall case fatality 

rate, our study found a much lower case fatality rate than the 
previous studies conducted in Gombe State, Northeastern 
Nigeria, and Ethiopia.12,13,15 However, our study finding is 
comparable to a study published in 2009 from Argentina 
where case fatality rate was 0.17% based on analyzed out-
breaks data.19 Furthermore, we found a sex difference in case 
fatality rate, suggesting that males are more likely to die of 
pertussis when infected than females. However, this finding 
was different from a higher case fatality rate among females 
in Ethiopia.13 The overall lower case fatality rate found in our 
study may be related to relatively early detection, investiga-
tion, and response to the outbreaks, wherein case manage-
ment practices were instituted by local and state government 
health authorities to limit morbidity and mortality.

Regarding the symptomatology of pertussis during the 
investigated outbreak, the most common presentations were 
post-tussive vomiting (78.85%) and inspiratory whoop 
(73.05%). The least common symptoms in our study were 
apnoea and cyanosis. Almaw and Bizuneh, 2019, found a 
similar frequency of presentation of post-tussive vomiting 
and whoop.12 Contrastingly, cyanosis was a relatively com-
mon presentation in Ethiopia compared to finding from our 
study. However, our result was somewhat like the Gombe 
study in the northeastern part of Nigeria, where 2% of the 
case had cyanosis.15 The apparent difference in finding 
between the Nigerian studies and that of Ethiopia may be 
explained by a varying capacity to elicit the sign due to skin 
pigmentation and the health workers’ observational skills.

Examining the vaccination history of cases in our study, 
we found that 89% (roughly 9 out of 10) of cases did not 
receive any pentavalent vaccine dose. In comparison, only 
4% of the cases received full dose (Penta 3) of pentavalent 
vaccine. The vaccination uptake among cases in our study is 
much lower than reported vaccination status in studies from 
Gombe State, Nigeria, where 42% of the cases received the 
third pentavalent vaccine.15 This study from Ethiopia by 
Almaw et al.13 2017 also reported 51% uptake among cases 

Table 1. Attack rate and case fatality rate of pertussis outbreaks by age and sex in two LGAs of Kebbi State, Northwest Nigeria.

Variable Total 
population

Number 
of cases

Attack rate 
(AR/100)

Number 
of deaths

Case fatality 
rate (CFR/100)

Age (years)
 <1 445 26 5.84 0 0
 1–4 2365 171 7.23 13 0.55
 5–9 2519 76 3.02 0 0
 10–14 2031 2 0.10 0 0
 ⩾15 years 5830 2 0.03 0 0
 Total 13,190 277 2.10 13 0.10
Sex
 Male 4347 136 3.13 8 0.18
 Female 4231 141 3.33 5 0.12

LGA: local government areas.
Note: The population is only for affected settlements not for the whole population of LGAs.
Data source: State pertussis surveillance data.

Table 2. Clinical and immunization history of study participants 
in two LGAs of Kebbi State, Northwest Nigeria.

Variables Cases 
(N = 52) (%)

Control 
(n = 107) (%)

Clinical features
 Post-tussive vomiting 41 (78.85)  
  Whoop 38 (73.05) –
 Paroxysmal cough 21 (40.38) –
  Apnea 8 (15.38) –
  Cyanosis 5 (9.62) –
Exposure to cases
 Yes 45 (86.5) 50 (46.7)
 No 7 (13.5) 57 (53.3)
Penta dose
 Penta 0 46 (88.5) 63 (58.9)
 Penta 1 3 (5.8) 8 (7.5)
 Penta 2 1 (1.9) 6 (5.6)
 Penta 3 2 (3.8) 30 (28)
Ever had pertussis before
 Yes 6 (11.5) 9 (8.4)
 No 46 (88.5) 98 (91.6)

LGA: local government areas.
Note: the total sum of clinical features is more than the number of cases, 
since one case might have more than one symptom.
Data source: primary survey data.
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for the three doses of the pentavalent vaccine. The common 
denominator in all these studies is the sub-optimal RI against 
pertussis, which explained the occurrence of outbreaks in the 
study settings.

Concerning disease transmission and control strategy, we 
found a higher percentage of cases who had exposure to the 
infected individual(s), suggesting the high infectivity of per-
tussis and possibly the effectiveness of human-to-human 
transmission. We found that positive vaccination history and 
knowledge of the preventive measures were protective against 
pertussis even after statistical adjustment. In other words, 
cases are less likely to have pertussis if they were vaccinated 
and knew the preventive measures, such as vaccination, isola-
tion treatment (case management) of infected individuals. Our 
result is not different from previous studies that reported the 
protective effect of full vaccination against pertussis.13,15

The socio-demographic data provided information about 
the possible root causes of poor vaccination coverage within 
our study setting. Vaccination uptake was differentially lower 
among the cases who are in the lower socio-economic class. As 
reported from the survey finding, the low level of education of 
both parents, rural sociology, including large family (house-
hold) size and modestly far distance to the HF might explain 
the poor health-protective behaviors (i.e. uptake of immuniza-
tion services) and quality of parental care. Consequently, the 
unfavorable social circumstances could increase the children’s 
vulnerability to vaccine-preventable diseases. Similar findings 
have been documented by other authors who found maternal 
education, age, wealth, ethnicity, and distance to HF positively 
associated with vaccination uptake.16

Our study might have benefited from a much larger sam-
ple size. However, we generated the data from a modestly 
representative sample from the communities that experi-
enced pertussis outbreaks in Kebbi State. We were limited by 
the number of variables as captured in the State routine sur-
veillance data for pertussis. Despite this limitation, the avail-
able data was able to answer our research questions. The 
study could have also benefited from laboratory support for 

the confirmation of pertussis but there was no state or a 
regional laboratory designated to confirm pertussis cases. 
Instead, we made use of clinical and standard case definition 
as recommended by WHO for field investigation and review 
of records. Finally, recall bias may also be a limitation to our 
study as the community survey took place 2 months after the 
onset of the index case.

Conclusion

Our study showed the vulnerability of children under 5 years, 
especially the under 1 year, to vaccine-preventable diseases 
in rural population and disadvantaged populations, where 
real immunization coverage remains sub-optimal, and the 
dominant socio-demographic factors are supportive of dis-
ease transmission. We also concluded that immunization 
uptake and knowledge of the preventive measures are pro-
tective against pertussis outbreak. Therefore, RI services 
must be intensified to effectively improve coverage and pre-
vent future pertussis outbreak(s). Our study finding rein-
forced the imperative of a prompt case detection, reporting, 
investigation, and response in reducing the magnitude of the 
infectious diseases outbreak.

Acknowledgements

The authors acknowledged the local government area disease sur-
veillance officers, health workers, and the community leaders who 
supported the reactive vaccination in the two local government areas.

Authors contributions

S.A.O. conceptualized the study, participated in the study design, 
participated in manuscript writing, and critically reviewed all the 
drafts. B.G. designed the study, supervised data collection, con-
ducted data analysis, and participated in the manuscript writing. 
T.A.Y. supported data collection and participated in the writing of 
the study. L.A.S. supported collation and analyses. B.N. and H.A. 
supported data collection and resource mobilization. All authors 
read and approved the final draft of the manuscript.

Table 3. Factors associated with pertussis in two LGAs of Kebbi State, Northwest Nigeria.

Variables Category Outcome Crude OR  
(95% CI)

Adj. OR  
(95% CI)

Case Control

Age in month 52 107 0.97 (0.95, 0.98) 0.98 (0.95, 1)
Vaccination history 
of pertussis

Yes 8 52 0.19 (0.08, 0.45) 0.28 (0.11, 0.74)*
No 44 55

Knows mode of 
transmission

Yes 18 55 0.5 (0.25, 0.99) 2.1 (0.81, 5.47)
No 34 52

Knows prevention 
methods

Yes 6 48 0.16 (0.06, 0.41) 0.14 (0.04, 0.45)*
No 46 59

LGA: local government areas; OR: odds ratio; Adj. OR: adjusted odds ration.
*Statistical significance.
Data source: primary survey data.



8 SAGE Open Medicine

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Omoleke Semeeh  https://orcid.org/0000-0003-0538-9126
Yusuf Taofik  https://orcid.org/0000-0002-6401-9515

Supplemental material

Supplemental material for this article is available online.

References

 1. Kilgore PE, Salim AM, Zervos MJ, et al. Pertussis: microbiol-
ogy, disease, treatment, and prevention. Clin Microbiol Rev 
2016; 29(3): 449–486.

 2. Gabutti G and Rota MC. Pertussis: a review of disease epi-
demiology worldwide and in Italy. Int J Environ Res Public 
Health 2012; 9(12): 4626–4638.

 3. Ophori EA, Tula MY, Azih AV, et al. Current trends of immu-
nization in Nigeria: prospect and challenges. Trop Med Health 
2014; 42(2): 67–75.

 4. Kovitwanichkanont T. Public health measures for pertussis 
prevention and control. Aust N Z J Public Health 2017; 41(6): 
557–560.

 5. WHO. Vaccine preventable diseases surveillance standards, 
http://www.who.int/immunization/monitoring_surveillance/
burden/vpd/standards/en/ (accessed 17 May 2020).

 6. Dunkle SE, Wallace AS, MacNeil A, et al. Limitations of 
using administratively reported immunization data for moni-
toring routine immunization system performance in Nigeria. J 
Infect Dis 2014; 210(suppl_1): S523–S530.

 7. Omoleke SA and Tadesse MG. A pilot study of routine immu-
nization data quality in Bunza local government area: causes 
and possible remedies. Pan Afr Med J 2017; 27: 239.

 8. Umeh GC, Madubu DM, Korir C, et al. Micro-planning for 
immunization in Kaduna State, Nigeria: lessons learnt, 2017. 
Vaccine 2018; 36(48): 7361–7368.

 9. Omoleke SA, Alabi O, Shuaib F, et al. Environmental, eco-
nomic and socio-cultural risk factors of recurrent seasonal 
epidemics of cerebrospinal meningitis in Kebbi state, north-
western Nigeria: a qualitative approach. BMC Public Health 
2018; 18(4): 1318.

 10. Warigon C, Mkanda P, Muhammed A, et al. Demand crea-
tion for polio vaccine in persistently poor-performing com-
munities of Northern Nigeria: 2013–2014. J Infect Dis 2016; 
213(suppl_3): S79–S85.

 11. National Bureau of Statistics (NBS)—Federal Government of 
Nigeria. Nigeria—Multiple Indicator Cluster Survey/National 
Immunization Coverage Survey 2016-17, Fifth round (MICS) 
and NICS (third Round)—Overview, 2012, http://www.nige-
rianstat.gov.ng/nada/index.php/catalog/59 (accessed May 17 
2020.)

 12. Almaw L and Bizuneh H. Pertussis outbreak investigation in 
Janamora district, Amhara regional state, Ethiopia: a case-
control study. Pan Afr Med J 2019; 34: 65–67.

 13. Alamaw SD, Kassa AW and Gelaw YA. Pertussis out-
break investigation of Mekdela district, South Wollo zone, 
Amhara region, North-West Ethiopia. BMC Res Notes 
2017; 10: 420.

 14. Chongsuvivatwong V. Analysis of epidemiological data using 
R and Epicalc, pp. 1–328, https://cran.r-project.org/doc/con-
trib/Epicalc_Book.pdf

 15. Abubakar A, Dalhat M, Mohammed A, et al. Outbreak of sus-
pected pertussis in Kaltungo, Gombe State, Northern Nigeria, 
2015: the role of sub-optimum routine immunization cover-
age. Pan Afr Med J 2019; 32(Suppl. 1): 9.

 16. Olorunsaiye CZ and Degge H. Variations in the uptake of 
routine immunization in Nigeria: examining determinants 
of inequitable access. Glob Health Commun 2016; 2(1): 
19–29.

 17. Gunnala R, Ogbuanu IU, Adegoke OJ, et al. Routine vacci-
nation coverage in Northern Nigeria: results from 40 district-
level cluster surveys, 2014-2015. PLoS ONE 2016; 11(12): 
e0167835.

 18. Préziosi M-P, Yam A, Wassilak SGF, et al. Epidemiology of 
pertussis in a West African community before and after intro-
duction of a widespread vaccination program. Am J Epidemiol 
2002; 155(10): 891–896.

 19. Hozbor D, Mooi F, Flores D, et al. Pertussis epidemiology 
in Argentina: trends over 2004-2007. J Infect 2009; 59(4): 
225–231.

https://orcid.org/0000-0003-0538-9126
https://orcid.org/0000-0002-6401-9515
http://www.who.int/immunization/monitoring_surveillance/burden/vpd/standards/en/
http://www.who.int/immunization/monitoring_surveillance/burden/vpd/standards/en/
http://www.nigerianstat.gov.ng/nada/index.php/catalog/59
http://www.nigerianstat.gov.ng/nada/index.php/catalog/59
https://cran.r-project.org/doc/contrib/Epicalc_Book.pdf
https://cran.r-project.org/doc/contrib/Epicalc_Book.pdf



