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Abstract 

Background: Measles remains a leading cause of child mortality globally despite an effective vaccine. Nigeria has persistent 

measles transmission due to suboptimal immunization coverage (around 54% for first dose)]. The study analyzed measles 

surveillance data of Rivers State from 2020-2022 to identify spatiotemporal clusters and outbreak characteristics by Local 

Government Area (LGA) and age group. Methods: A retrospective cross-sectional study conducted on measles case-based 

surveillance data for Rivers State from January 2020 to December 2022. Cases were aggregated by month, LGA, and age. 

Measles outbreak was defined as the number of laboratory-confirmed cases ≥3 in an LGA within 4 weeks Descriptive statistics 

summarized case counts by time, place, and age. Chi-square tests assessed associations between categorical variables (e.g. age 

group verses LGA, year verses age distribution). An epidemic curve and bar charts were used to visualize temporal trends and the 

distribution of cases by LGA and age group. Results: A total of 761 measles cases were reported in Rivers State from 2020-2022 

(200 in 2020; 229 in 2021; 332 in 2022). The epidemic curve showed a peak of 70 cases in February 2020, a decline, a resurgence 

in mid-2021, and a larger outbreak in early 2022 (peak 61 cases in February 2022). Transmission persisted year-round at lower 

levels between these outbreaks. Spatial distribution of Cases occurred in all 23 LGAs, but 10 LGAs (led by Obio/Akpor and Port 

Harcourt) accounted for ~60% of cases. The age distribution of Cases ranged from infants to 79 years (median ~6 years, IQR 

2-16). Children <5 years comprised 41% of cases, and 25% were aged ≥15 years. children (1-4 years) and adults also contributed 

substantial proportions, indicating gaps in historical vaccination coverage. Conclusion: Rivers State experienced recurrent 

measles outbreaks in 2020-2022 with clear spatiotemporal clustering. The pattern suggests a two-year cycle of major outbreaks, 

with an early 2020 peak, a smaller mid-2021 wave, and a large 2022 outbreak. All LGAs were affected, but the burden was more 

in certain urban centers and varied over time. Gaps in immunity were evident in both young children and older age groups, 

reflecting inadequate vaccination coverage. 
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1. Introduction 

Measles is one of the most contagious viral diseases and 

continues to be a significant cause of vaccine-preventable 

morbidity and mortality worldwide despite the availability of 

an effective vaccine [1]. Globally, an estimated 134,200 

measles-related deaths occurred in 2015, mostly among chil-

dren under five years [2]. Sub-Saharan Africa contributes 

disproportionately to the global measles burden, and despite 

the introduction of measles-containing vaccines (MCVs), 

coverage has remained suboptimal in many countries [3, 4]. 

The WHO African Region missed its 2020 elimination target, 

and by 2021, no African country had achieved measles elim-

ination [5]. 

In Nigeria, measles is endemic and continues to cause re-

current outbreaks. Immunization coverage remains below the 

95% threshold required for herd immunity [6]. According to 

WHO and UNICEF estimates, only about 54% of children in 

Nigeria received the first dose of measles-containing vaccine 

(MCV1) in 2020, while coverage for the second dose (MCV2, 

introduced in 2019) is significantly lower [7]. As a result, 

large pools of susceptible children persist, leading to periodic 

outbreaks. Between January and August 2021, Nigeria re-

ported over 67,000 suspected measles cases, a substantial 

increase compared to the 9,300 cases reported in 2020 [8]. 

These outbreaks were exacerbated by disruptions to routine 

health services during the COVID-19 pandemic, which fur-

ther reduced immunization uptake and strained surveillance 

systems [9]. 

Rivers State, located in southern Nigeria with a population 

of over seven million and 23 Local Government Areas 

(LGAs), continues to experience recurrent measles outbreaks 

despite periodic supplementary immunization activities [10, 

11]. Outbreaks have been reported in both urban and rural 

LGAs, with clusters often linked to low routine vaccination 

coverage, high population density, and inadequate outbreak 

response measures [12, 13]. Prior studies have demonstrated 

that measles outbreaks in Nigeria frequently occur in areas 

with low immunization uptake and can spread rapidly due to 

weak surveillance and delayed response [14-16]. 

The epidemiology of measles is also changing. While 

children under five years remain the most affected group, 

outbreaks increasingly involve older children and even adults, 

reflecting historical immunity gaps and low MCV2 cover-

age[17, 18]. Inadequate Vitamin A supplementation, high 

rates of malnutrition, and poor health-seeking behavior fur-

ther exacerbate morbidity and mortality [19, 20]. Furthermore, 

seasonal patterns, population mobility, and urban-rural dis-

parities influence measles transmission dynamics [21, 22]. 

Given these realities, characterizing the spatiotemporal 

distribution of measles outbreaks at subnational levels is 

crucial. Few studies have specifically examined outbreak 

patterns in Rivers State using surveillance data across multi-

ple years. This study aimed to analyze measles outbreaks in 

Rivers State from 2020 to 2022, highlighting temporal trends, 

geographic clustering by LGA, and age distribution of cases. 

Findings are expected to guide targeted interventions, 

strengthen immunization programs, and improve surveillance 

and outbreak preparedness in the state and beyond. 

2. Methods 

2.1. Study Design and Data Source 

The study was a retrospective cross-sectional analysis of 

measles surveillance data in Rivers State for the period Jan-

uary 2020 to December 2022. Data were obtained from the 

Rivers State Ministry of Health measles case-based surveil-

lance system, which compiles information on all suspected 

measles cases investigated in the state. Each case record in-

cluded variables such as date of symptom onset, LGA of 

residence, age or date of birth, sex, and laboratory results 

(measles IgM serology). Laboratory-confirmed and epidemi-

ologically linked measles cases were included in the analysis; 

cases later discarded as non-measles were excluded. The 

dataset was filtered to include only cases with dates of onset 

from 1 January 2020 through 31 December 2022. 

2.1.1. Case Definitions 

A suspected measles case is defined by Nigeria’s Integrated 

Disease Surveillance and Response (IDSR) guidelines as any 

person with fever and maculopapular rash (with cough, co-

ryza or conjunctivitis) or any patient in whom a clinician 

suspects measles. Laboratory confirmation is via detection of 

measles-specific IgM antibodies. For identifying outbreak 

clusters, the study adopted the Nigeria Centre for Disease 

Control (NCDC) measles outbreak definition which defined 

measles outbreak as any LGA with at least three laborato-

ry-confirmed cases within a 4-week period 

2.1.2. Variables and Categorization 

Date of onset was used to derive the month and year of each 

case. Monthly case counts were aggregated to generate 

time-series trends. Cases were assigned to their LGA of res-

idence for spatial analysis. Age was initially recorded in years 

(with decimals for months); validated and computed in years 

using the date of birth (when available) and date of onset. For 

analysis, age was categorized into five groups: <1 year, 1-4 

years, 5-9 years, 10-14 years, and ≥15 years. These categories 

reflect key epidemiologic and immunization-relevant cohorts 

(infants, preschool, school-age children, adolescents, and 

adults). A small number of cases with missing age data were 

labeled as “Unknown” in age-group analyses. Sex 

(male/female) was recorded, but since the data showed an 

almost equal gender distribution, sex-specific analysis is not 

presented in detail. 
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2.2. Data Analysis 

Descriptive statistics used to summarize measles occur-

rence by time, place, and person. Temporal patterns were 

examined by plotting an epidemic curve of monthly cases for 

the 3-year period. Annual totals were calculated and peak 

outbreak months identified. Spatial distribution was assessed 

by tabulating cases per LGA per year and the total. “Hotspot” 

LGAs with the highest case counts were highlighted and 

LGAs that crossed the outbreak threshold of ≥3 cases in a 

month noted. For person characteristics, the age distribution, 

median age, and proportion of cases in each age category per 

year were computed. The Pearson chi-square (χ²) test was 

used for associations: (1) between outbreak year and LGA 

distribution of cases, (2) between year and age group of cases, 

and (3) between LGA and age group. These assess whether 

measles cases were evenly distributed or whether certain 

years had disproportionate cases in certain LGAs or age 

groups. Expected frequencies in contingency tables were 

checked to ensure chi-square test validity; when cell counts 

were low, categories were combined or Yates’ correction 

applied as needed. A p-value <0.05 was considered statisti-

cally significant. 

Graphical illustrations were made to support the analysis. A 

monthly epidemic curve (line graph) was plotted to depict 

trends and outbreak peaks over time. For spatial distribution, 

bar charts were plotted to compare LGA case totals. One bar 

chart ranked LGAs by total cases from 2020-2022, high-

lighting the highest-burden areas. Another bar chart showed 

the number of cases by age group, to visualize the age dis-

tribution of cases. Data cleaning and analysis were performed 

using Microsoft Excel and Python (Pandas), and charts were 

generated with Python’s Matplotlib library. 

2.3. Ethical Considerations 

This analysis was conducted on de-identified surveillance 

data collected for public health purposes. Individual patient 

consent was not required as no personal identifiers were used 

and the study posed minimal risk. Permission to use the 

measles surveillance dataset was obtained from the Rivers 

State Ministry of Health. The study complies with confiden-

tiality and ethical standards for the use of surveillance data, 

and findings were presented in aggregate without any per-

sonally identifiable information. 

3. Results 

3.1. Temporal Trends 

 
Figure 1. Illustrates the monthly epidemic curve of reported cases. 

A total of 761 measles cases were reported in Rivers State 

during the 3-year period (2020-2022). Annual case counts 

showed an increasing trend: 200 cases in 2020, 229 in 2021, 

and 332 in 2022. 

Three distinct outbreak periods can be seen: 

1) Early 2020 Outbreak: Cases surged in the first quarter of 

2020, peaking in February 2020 with 70 cases, followed 

by 52 cases in March. This was the largest spike in 2020. 

After March 2020, cases declined sharply; by June 2020, 

only 1 case was recorded, indicating the outbreak was 

largely contained by late second quarter of 2020. Spo-

radic cases (fewer than 10 per month) continued through 

the second half of 2020. 

2) Late 2021 Resurgence: Compared to 2020, 2021 had a 

more protracted low-level transmission for the first half 

of the year, with a slight uptick mid-year. A noticeable 

increase began in July 2021 (24 cases), rising to a peak 

of 37 cases in August 2021. Cases remained relatively 
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elevated through October 2021 (36 cases), then fluctu-

ated, with a secondary peak of 34 in December 2021. 

This suggests that instead of one sharply defined out-

break, 2021 experienced an extended period of measles 

transmission from mid-year into the end of the year. The 

sustained nature of this wave may indicate multiple lo-

calized outbreaks or continuous spread in different 

communities. 

3) Major 2022 Outbreak: The year 2022 saw the highest 

measles activity. Cases spiked dramatically in January 

2022 to 47, climbing to 61 in February - surpassing the 

2020 peak. A total of 56 cases occurred in March 2022 

and 46 in April, indicating a widespread outbreak in 

early 2022. After April, there was a steady decline: by 

August 2022 cases fell to 18. (Data after August were 

not available in the dataset, so it’s unclear if further 

waves occurred later in 2022.) The early-2022 outbreak 

was the largest observed in the study period, both in 

peak magnitude and in the number of consecutive 

high-incidence months. 

These patterns suggest a 2-year cycle of major measles 

outbreaks (early 2020 and early 2022) in Rivers State, with an 

intervening smaller wave in late 2021. The timing corre-

sponds to accumulation of susceptible individuals after the 

2020 outbreak, leading to another outbreak by late 2021-2022. 

Notably, the 2020 outbreak occurred mainly in the dry season 

(late winter), whereas the 2021 wave peaked in the rainy 

season (August) and the 2022 outbreak again in the dry season, 

though interpretation of seasonality is limited by the mul-

ti-year cycle. 

3.2. Geographic Distribution 

 
Figure 2. Illustrates measles cases distribution by local Government 

Areas. 

Measles cases during 2020-2022 were reported from all 23 

LGAs in Rivers State, reflecting wide geographic spread of the 

virus. However, the case burden was uneven, with certain 

LGAs experiencing substantially more cases and more fre-

quent outbreaks. 

The top 5 LGAs by total case count were: 

1) Obio/Akpor (80 cases): This LGA (which is part of the 

Port Harcourt metropolis) had the highest number of 

cases overall. It contributed 10.5% of the state’s cases. 

Obio/Akpor reported 30 cases in 2020, 21 in 2021, and 

29 in 2022, indicating high incidence in the 2020 out-

break and again in 2022. It exceeded the outbreak 

threshold multiple times (e.g., February-March 2020 

and in early 2022). Obio/Akpor’s consistently high 

numbers make it a persistent hotspot. 

2) Port Harcourt (61 cases): This LGA had the second 

highest number of measles cases (8.0% of cases). No-

tably, Port Harcourt City recorded relatively fewer cases 

in 2020 (17) and 2021 (10), but a major spike in 2022 

(34 cases). It was a focus of the 2022 outbreak, with 

monthly counts reaching 8 in January and 8 in May 2022. 

This suggests that while the city was less affected in 

2020-21, it became a significant transmission epicenter 

in 2022. 

3) Asari-Toru (49 cases): This riverine LGA experienced a 

large outbreak in 2020 (27 cases, one of the highest LGA 

totals that year). In subsequent years, Asari-Toru’s cases 

dropped (11 each in 2021 and 2022). This pattern im-

plies a major 2020 cluster centered in Asari-Toru (likely 

affecting communities there and possibly neighboring 

LGAs) that did not recur as strongly later. It highlights 

the spatiotemporal clustering nature - an outbreak hit 

Asari-Toru in 2020 and subsided by 2021 after pre-

sumably imparting immunity to many locals. 

4) Omuma (46 cases): Omuma LGA had low cases in 2020 

(8) but saw increased activity in 2021 (16) and 2022 (22). 

Especially in 2022, Omuma crossed the outbreak 

threshold in consecutive months (e.g., 5 cases in Feb-

ruary 2022, 3 in March, 3 in April). This indicates that 

Omuma was part of the widespread outbreak in early 

2022, despite being a more rural LGA. Its rising case 

count over the years suggests growing susceptibility or 

improved reporting in that area. 

5) Degema (45 cases): Degema LGA reported 18 cases in 

2020 and a significant 22 cases in 2021, but only 5 in 

2022. Degema had an outbreak in mid-2021 (notably 6 

cases in July 2021), which was one of the larger 

LGA-specific outbreaks of that year. By 2022, Degema 

had relatively few cases, possibly due to immunity 

gained from the prior year’s outbreak. Degema’s spike 

in 2021, contrasted with its quiet 2022, exemplifies how 

some LGAs had off-cycle outbreaks. 

Other LGAs with notable measles cases include Khana (40 

cases) - mostly driven by a large jump to 26 cases in 2022 

(versus 7 each in 2020 and 2021), Ogba/Egbema/Ndoni (39 
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cases) - which had outbreaks in both 2021 (18 cases) and 2022 

(19 cases), and Abua/Odual (36 cases) - with a notable out-

break in 2021 (17 cases). In fact, in late 2021, an outbreak in 

Abua/Odual communities was reported to have caused sig-

nificant morbidity and even multiple child deaths (per local 

media), underscoring the severity of measles in that area. 

Many of the smaller LGAs (e.g., Gokana, Ogu-Bolo, Tai, 

Ahoada West, each with <20 cases total) saw sporadic cases or 

small clusters, but no major sustained outbreaks during this 

period. 

Outbreak clustering in space and time: The geographic 

pattern shifted over time, as reflected by the significant 

chi-square test for year vs LGA distribution (p<0.001). For 

instance, the 2020 outbreak was concentrated in Obio/Akpor, 

Asari-Toru, Degema and some spread to neighboring LGAs. 

The late 2021 wave involved clusters in Degema, Og-

ba/Egbema/Ndoni, Abua/Odual, and parts of the state’s 

northwest. The big 2022 outbreak was more widespread: 

urban centers (Obio/Akpor, Port Harcourt) and multiple rural 

LGAs (Khana in the southeast, Emohua and Etche in the north, 

Bonny in the south, etc.) all reported concurrent surges, sug-

gesting a state-wide epidemic. In March 2022 alone, at least 9 

different LGAs each had ≥3 cases in that single month, indi-

cating multiple simultaneous transmission foci. By contrast, 

at the nadir in mid-2020, most LGAs had zero cases for sev-

eral months. 

Overall, urban LGAs (Obio/Akpor, Port Harcourt) bore a 

consistently high measles burden. This likely relates to their 

larger population density (hence more susceptibles) and pos-

sibly better reporting. Rural LGAs experienced more episodic 

outbreaks - intense but isolated in time - which may reflect 

accumulations of susceptible children over years until an 

outbreak occurs. It is noteworthy that measles cases were 

indeed widespread and not confined to one part of the state: 

control efforts therefore must maintain broad coverage while 

also targeting the worst-affected areas. 

3.3. Age Group Characteristics 

 
Figure 3. Shows the overall distribution of cases by age group. 

A striking feature of the Rivers State measles data is the 

wide age range of cases. Ages ranged from 2 months to 80 

years old. The median age of cases was 6.4 years (interquar-

tile range 2.1 - 16.2 years), indicating that half of cases were 

young children, but a substantial minority were adolescents or 

adults. 

Key observations include: 

1) Children <5 years: Young children (under 5) accounted 

for the largest share of cases when combined. Infants <1 

year represented 87 cases (11.4% of total), and children 

1-4 years old accounted for 226 cases (29.7%). Alto-

gether, the under-5 age group made up ~41% of all cases. 

This aligns with the expectation that measles primarily 

affects young children in high-transmission settings. 

Notably, infants under 9 months (who are generally too 

young for routine measles vaccination in Nigeria) 

comprised a significant number of cases, underscoring 

the risk in unvaccinated infants and the importance of 

herd immunity to protect this group. 

2) Children 5-9 years: There were 146 cases (19.2%) in the 

5-9 years age group. Many of these children would have 

been eligible for at least one dose of measles vaccine, 

suggesting that either they missed vaccination or did not 

develop immunity. The sizable number of school-age 

children getting measles points to gaps in immunization 

coverage or potential secondary vaccine failures. 

3) Adolescents 10-14 years: 71 cases (9.3%) fell in the 

10-14 age bracket. By this age, most would have long 

passed the routine vaccination schedule, implying these 

were likely individuals who missed childhood vaccina-

tion. The presence of cases in older children indicates 

measles susceptibility extending into early adolescence 

for some cohorts, possibly due to historically low vac-

cination rates in certain areas (a child who was 10 in 

2022 would have been due for vaccination around 2012, 

when national MCV1 coverage was around 

42%aeji.journals.ekb.eg in some regions, reflecting 

those missed). 

4) Adults ≥15 years: A total of 195 cases (25.6%) occurred 

in individuals 15 years and older, including young adults 

and some middle-aged or older adults. This is a sub-

stantial proportion. Many of these adult cases were in 

their late teens and twenties, but a few were much older 

(over 50 or 60 years). The occurrence of measles in 

adults suggests long-term gaps in immunity - either 

people who never received vaccine nor had the disease 

in childhood, or waning immunity in the absence of 

re-exposure. In Nigeria, routine measles vaccination 

began in the late 1970s/1980s; thus, older adults may 

have been unvaccinated but often had natural infection 

in childhood. The fact that some older adults in Rivers 

State were still susceptible enough to contract measles 

(e.g., the 79-year-old case) is unusual and might indicate 

an atypical situation or error in reporting age. However, 

the bulk of “adult” cases were likely young adults who 

missed vaccination in childhood due to low coverage in 

the 1990s-2000s. 

http://www.sciencepg.com/journal/wjph
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5) Unknown age: 36 cases (4.7%) had unknown age data. 

These were excluded from age-specific percentage cal-

culations but are shown in Figure 3 for completeness. 

Age distribution by year: The proportion of cases in each 

age group shifted somewhat from year to year (refer to Table 

1). In 2020, the median age was about 5 years; the 2020 out-

break heavily impacted under-5 children (46% of 2020 cases) 

with relatively fewer adults (~19% ≥15yrs). In 2021, the 

median age increased to ~9 years; only ~35% were under 5, 

while adult cases rose to 34.5% of 2021 cases. This suggests 

the 2021 outbreaks involved older cohorts - possibly because 

the areas affected in 2021 had lower historical vaccination, 

leaving older children and adults susceptible. By 2022, the 

pattern shifted back: under-five formed ~45% of cases in the 

large 2022 outbreak, and adults 23.8%. This could indicate 

that the widespread 2022 epidemic swept through many un-

vaccinated young children across the state, while a portion of 

older individuals had gained immunity (some via the 2020-21 

outbreaks or vaccination). The chi-square test confirmed a 

significant association between year and age group (p≈0.002). 

In practical terms, 2021’s outbreaks had an older age profile 

compared to the 2020 and 2022 outbreaks, which were more 

concentrated in young children. 

LGA vs Age profile: We also observed differences in age 

profiles between urban and rural LGAs. In high-density urban 

LGAs (Obio/Akpor, Port Harcourt, Eleme, Oyigbo), a larger 

fraction of cases were under 5. For example, in Obio/Akpor 

43% of cases were <5, and in Port Harcourt 38% were <5. 

This suggests that in urban areas, measles tends to infect 

children early in life (likely due to higher transmission force 

of infection, so most susceptible children get exposed while 

young). By contrast, some rural LGAs saw more older cases: 

in Tai LGA, 37.5% of cases were adults ≥15, and similarly 

over 28% of cases in Asari-Toru, Opobo/Nkoro, Gokana were 

adults. These are areas with historically lower routine im-

munization coverage; many children there might escape 

measles in early childhood only to remain susceptible into 

adolescence and adulthood. This pattern resulted in the strong 

statistical association between LGA and age group (p<0.001). 

It highlights that immunity gaps in certain communities extend 

across a broad age range, whereas in better-immunized 

communities, measles is largely confined to younger unvac-

cinated children. 

In summary, the age distribution of measles cases in Rivers 

State indicates that while young children are the most affected 

group, measles is not solely a pediatric disease in this setting - 

a considerable proportion of cases occurred in older children 

and adults, reflecting past failures to vaccinate those cohorts. 

This has implications for outbreak control, as cases in 

school-age children and adults can fuel transmission (and 

adults may have more contacts, potentially spreading to other 

areas). 

Table 1. Distribution of measles cases by age group and year, Rivers State (2020-2022). 

Age Group 2020 Cases (n=200) 2021 Cases (n=229) 2022 Cases (n=332) Total 2020-22 (n=761) 

< 1 year 22 (11.0%) 30 (13.1%) 35 (10.5%) 87 (11.4%) 

1-4 years 61 (30.5%) 51 (22.3%) 114 (34.3%) 226 (29.7%) 

5-9 years 44 (22.0%) 33 (14.4%) 69 (20.8%) 146 (19.2%) 

10-14 years 15 (7.5%) 30 (13.1%) 26 (7.8%) 71 (9.3%) 

≥15 years 39 (19.5%) 77 (33.6%) 79 (23.8%) 195 (25.6%) 

Unknown 19 (9.5%) 8 (3.5%) 9 (2.7%) 36 (4.7%) 

Total 200 (100%) 229 (100%) 332 (100%) 761 (100%) 

Note: “Unknown” refers to cases with missing age data. Percentages for age groups are out of total cases each year (and overall). Due to 

rounding, percentages may not sum exactly to 100%. 

The above table reinforces the earlier descriptions: e.g., 

≥15-year-olds constituted one-third of 2021’s cases (the 

highest proportion among the three years), whereas the <5 

group was largest in 2022. Public health efforts should par-

ticularly ensure measles vaccination in children under 5 (who 

consistently make up a large portion of cases) but also con-

sider catch-up campaigns for older children and adults in 

communities with known immunity gaps. 

3.4. Inferential Statistics Summary 

To summarize the analytical test findings: 

1) Year vs LGA distribution: There was a statistically sig-

nificant association between outbreak year and which 

LGAs were affected (χ² test, p<0.0001). This means the 

pattern of LGAs with high case counts was not the same 

each year. For example, some LGAs like Asari-Toru had 

many cases in 2020 but not in later years, whereas others 
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like Khana had major outbreaks only in 2022. The spa-

tial focal points of measles shifted over time. 

2) Year vs Age distribution: The age profile of cases 

changed significantly across the 3 years (χ² test, 

p=0.002). Specifically, 2021’s outbreaks involved rela-

tively older individuals than the more child-focused 

outbreaks of 2020 and 2022. This could reflect differing 

local immunity profiles or the effect of prior outbreaks 

on different age cohorts. 

3) LGA vs Age group: There was a significant association 

between LGA and age group of cases (χ² test, p<0.001). 

Certain LGAs had a disproportionate share of adult 

cases whereas others had mostly young children, as 

discussed. This likely results from variation in historical 

vaccination coverage - where coverage is good, measles 

is confined to the very young, but where coverage is 

poor, measles affects older ages as well. 

These findings collectively underscore that measles epi-

demiology in Rivers State is heterogeneous across time and 

place. Outbreaks do not uniformly affect all areas or age 

groups, which has important implications for tailoring inter-

ventions. 

3. Discussion 

This study revealed persistent measles transmission and 

recurrent outbreaks in Rivers State between 2020 and 2022. 

The findings demonstrate a cyclical outbreak pattern, signif-

icant immunity gaps across age groups, and spatiotemporal 

clustering across different LGAs. 

Recurring outbreaks and cyclic patterns 

The study identified two major outbreaks in early 2020 and 

early 2022, with an intermediate resurgence in late 2021. Such 

cyclical patterns have been described elsewhere in Nigeria 

and the African region, often reflecting the accumulation of 

susceptible individuals following incomplete immunization 

coverage [23, 24]. The resurgence of measles after the 

COVID-19 pandemic aligns with reports of increased out-

breaks in Africa due to pandemic-related service disruptions 

[25]. 

Age distribution and immunity gaps 

A key observation is the significant proportion of cases 

among older children and adults (≥15 years), who constituted 

about a quarter of all cases. In well-immunized populations, 

measles predominantly affects unvaccinated infants; hence, 

the presence of cases among older cohorts indicates 

long-standing immunity gaps [26, 27]. Nigeria’s historically 

low routine immunization coverage during the 1990s and 

2000s likely contributed to this vulnerability [28]. Recent 

evidence also suggests waning immunity in populations with 

incomplete two-dose coverage [29]. These findings under-

score the importance of catch-up vaccination campaigns tar-

geting not only children under five but also older children and 

adolescents. 

Vaccination coverage and outbreak drivers 

Measles outbreaks in Rivers State reflect broader national 

challenges, including low MCV2 uptake (around 38% in 

2023), vaccine hesitancy, and gaps in outreach to marginal-

ized populations [30-32]. Studies have shown that strength-

ening both routine immunization and supplementary im-

munization activities (SIAs) is essential to interrupt trans-

mission [33, 34]. The clustering of outbreaks in certain LGAs, 

especially urban centers such as Obio/Akpor and Port Har-

court, highlights the influence of high population density and 

rapid transmission in urban settings [35]. Conversely, out-

breaks in rural LGAs reflect challenges of access, logistics, 

and surveillance weaknesses [36]. 

Mortality and complications 

Although this study did not include mortality data, measles 

is known to cause severe complications, including pneumonia, 

diarrhea, encephalitis, and death, particularly in malnourished 

children [37, 38]. Nigeria’s reported case fatality rate for 

measles ranges between 0.5% and 1% in recent years [39]. 

Local reports of unrecorded deaths during outbreaks in Rivers 

State suggest underestimation of the mortality burden [40]. 

Strengthening case management, ensuring Vitamin A sup-

plementation, and improving reporting systems are critical to 

reducing measles-related deaths. 

Surveillance and public health implications 

The detection of measles cases in all 23 LGAs indicates 

relatively strong surveillance performance, consistent with 

previous evaluations of Rivers State’s IDSR system [41]. 

However, gaps remain, including underreporting and incom-

plete laboratory confirmation. Enhanced community-based 

surveillance, rapid outbreak response immunization (ORI), 

and timely data sharing are needed to prevent large-scale 

outbreaks [42, 43]. 

Implications for elimination goals 

The African Region has now shifted its measles elimination 

target from 2020 to 2030 following setbacks from the 

COVID-19 pandemic [44]. Achieving this goal in Rivers 

State will require intensifying MCV1 and MCV2 coverage, 

ensuring effective SIAs, and implementing mop-up cam-

paigns in identified hotspots [45, 46]. Strengthening health 

system resilience, addressing vaccine hesitancy, and engaging 

communities will be critical for success [47, 48]. 

4. Conclusion 

The study highlighted the need for a multi-faceted approach: 

improving routine vaccination, conducting timely ORIs, 

strengthening surveillance, and engaging communities. Mea-

sles outbreaks often reveal health system weaknesses - by 

addressing these (immunization coverage and outbreak re-

sponse capacity), Rivers State can advance towards measles 

control. It is worth noting that the African Region has now 

shifted the measles elimination target to 2030, recognizing 

setbacks from the 2020 goal. Without intensified efforts (es-

pecially improved two-dose coverage and surveillance), 

achieving this renewed goal will be challenging. 
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