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Demographical, clinical, and complication
differences between vaccinated and unvaccinated
hospitalized children with measles in mogadishu
somalia: a hospital-based retrospective

cohort study
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Background: Measles is endemic in Somalia; recurrent outbreaks are reported annually. Under-five children are the most aﬁe@
due to low immunization coverage, vitamin A deficiency, and malnutrition. The study aims to evaluate the demographical, clinical, and
complication variations between vaccinated and unvaccinated hospitalized children with measles in the study hospital.

Method: A hospital-based retrospective cohort study was implemented between 10 October and 10 November 2022 by reviewing
case record files following a well-structured checklist of admitted clinical features, demographic characteristics, history of measles
immunization, and measles complication status. Descriptive statistics were used by presenting frequency and percentage for
categorical and the mean score for continuous variables. x* and Fisher’s exact test at P = 0.05 were used to identify the proportions
differences between vaccinated and unvaccinated cases.

Result: A total of 93 hospitalized measles children participated in the study. Over half were boys, the mean age in months was 20.9
(SD +7.28), and over two-thirds of the mothers/caregivers did not have formal education. Almost 9.7% of hospitalized measles children
had one dose of the measles-containing vaccine, while none had two doses. The vaccinated cases had fewer ill with fewer complications
than the unvaccinated cases. Fever, cough, rash, and Koplik’s spots were clinical features associated with measles immunization status.
Conclusion: Around one in ten hospitalized children had one dose of the measles vaccine. Vaccinated cases had fewer illnesses with
few complications than unvaccinated cases. The paper highly emphasizes providing booster doses, improving vaccine logistics and
storage, and following immunization schedules. In addition, conducting further multicentral high sample-size studies is highly required to
identify whether vaccine inadequacy was due to host-related or vaccine-related factors.

Keywords: measles outbreak, measles-containing vaccine (MCV1), somalia, unvaccinated, vaccinated, vaccination failure and
inadequacy

HIGHLIGHTS

e 9.7% of the hospitalized cases due to the measles infection
had one dose of the measles-containing vaccine.

e Rash, cough, Koplik’s spots, and fever are clinical char-
acteristics statistically associated with immunization status.

e This paper highly recommended providing booster doses,
improving vaccine logistics and storage, and following
immunization schedules.

Background

Measles is an infectious disease caused by the Morbillivirus of the
Paramyxoviridae family; it can transmit droplets from an infected
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person through coughs or sneezes!*!. The most contagious period
is 3—5 days after the rash. It may extend due to the blood, urine,
nasopharyngeal mucosa, and mouth virus presence, and the
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contagious period is high due to the virus’s replication in the
upper respiratory tract’l, Measles outbreaks are cyclical epi-
demics that appear mainly between the late winter and early
spring and are highly related to crowded and low vaccine
coverage'’!. In addition, several studies have reported that a high
birth rate is an outbreak’s supporting factor'®!. The incubation
period is between four days before the rash and four days after,
estimated to be 10-14 days!*!. The level of viremia is related to the
period of coughing, coryza. It may increase viral transmission,
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and an unbroken transmission chain leads to sustaining the virus
in humans since it is undetectable in animal reservoirs!®”’,

The most common measles complications are otitis, encepha-
litis, pneumonia, and secondary bacterial infections!®3!,
Measles infection is not considered a pediatric disease. It occurs at
any age since several studies reported that those older than
20 years had a greater risk of measles infection with complica-
tions, particularly unvaccinated people living in endemic areas
with vaccination coverage of less than 95%*. In addition,
several regions had vaccination strategies that focused the adult
population on ensuring each adult received at least two doses of
measles-containing vaccine (MCV1)H3T,

Low measles vaccination coverage leads to recurrent measles
outbreaks'®. Fewer measles cases were reported after the
national vaccination program in Romania'”-"®!, The commonest
measles clinical features were high fever, cough, coryza, con-
junctivitis, and kolpik spots with or without a maculopapular
rash. Patients’ complication status, severity, and hospitalization
depend on patient factors such as vitamin A deficiency and
nutritional and immunization status!**?%, Insufficient immuni-
zation or vaccination failure was the most changing factor against
measles eradication. Over 70 000 measles cases were reported!?!].
Most cohorts that reported vaccination failure still recommended
vaccine uptake, reasoning that vaccinated cases had mild illnesses
with fewer complications than unvaccinated cases. Additionally,
vaccination uptake reduces the number of cases and disease
contagious!®!,

The Somali diaspora has been vital in most measles outbreaks
in western countries for the last decade. Almost 18 measles cases
were reported in Norway majority were Somali community!®?!, In
Minnesota US, an unvaccinated US-born Somali child was
infected after visiting Kenya in 2011, leading to over 20 measles
cases in Minnesotal?3!, Consequently, in 2017 the most extensive
US measles outbreak occurred in Minnesota; 75 cases were
reported, over 90% were unvaccinated, and more than 80% were
from the Somali community in Minnesota. In addition, measles
vaccination coverage in US-born Somali children was 42% at that
time!®*, Somali diaspora parents in Minnesota and Norway had
voiced concerns about the measles vaccine causing autism, and
subsequent discussions showed that unvaccinated status is highly
associated with false vaccine beliefs’**271, Health literacy and
poor prevention practices were reported in Somali women’s life in
Norway[28’29].

In Somalia, measles is endemic new cases are reported every
year. In 2022, 3509 measles cases were documented between the
first of January and the end of March 2022 in the 18 regions of
the country. Two hundred forty-nine samples were collected and
tested 57% became positive for measles-IgM, and 81% were
under-five years children. In addition, 23 039 cases were docu-
mented in 2017 in every county region and are considered the
highest Somali measles outbreak in the last decade. Moreover,
2596 cases were reported in 2020, which is high even though
7494 cases were reported in 2021. WHO and UNICEF estimated
that the national first dose of measles immunization coverage is
46%, while the second dose was established in November
20219, Low national measles vaccination coverage, vaccina-
tion failure, a high incidence of vitamin A deficiency, and mal-
nutrition among under-five children exacerbate the situation!?°!,

In addition, response activities are ongoing, including sur-
veillance and contact tracing, vaccination, laboratory investiga-
tion, case management, and training healthcare workers; at the

same time, outbreaks occur, and new cases are received annually,
including vaccinated and unvaccinated children. Based on these
facts and previous recurrent outbreaks in Somalia and the Somali
diaspora in western countries, the study aims to examine the
demographical, clinical, and complication differences between
previously vaccinated and unvaccinated hospitalized children
with measles in the study hospital.

Method
Study design

A hospital-based retrospective cohort was conducted between 10
October and 10 November 2022 to evaluate the demographical,
clinical, and complication variations between previously vacci-
nated and unvaccinated hospitalized children with measles virus
infection during the last measles outbreak from 1 January to 30
March 2022129,

Study setting and population

The Banadir Hospital is located in Mogadishu Somalia, which is
the capital and highest populated city in the country. The study
hospital is a public, teaching, and referral hospital administered
by the Ministry of Health in the Federal Republic of Somalia.
Established in 1977, it provides medical services to over three
million population. The study population was all hospitalized
children with measles admitted or referred to the study hospital
during the last measles outbreak between 1 January to 30
March 2022.

Sampling procedure

All measles admitted or referral children’s case record files in the
study hospital met the study criteria and were included after
excluding incomplete case record files. To ensure this sample is
enough a statistical power recommended by Kim et all’®**! called
‘post hoc power analysis’ was used rather than sample-size
calculation due to the study being a retrospective study and the
primary outcome being a binary variable (vaccinated and
unvaccinated). The power analysis was 1-beta (power of the test)
at 80% set as the power of analysis with alpha =0.05 used. A
workflow diagram is provided to know how participants were
recruited (Fig. 1).

Study variables and data quality

Well-structured checklist variables based on previous literature/>!!

were used as a research tool that consisted of the child and mother
or caregivers’ sociodemographic characteristics, admitted clinical
features, history of measles immunization, and measles compli-
cation status. The tool reliability was pretested before the actual
study and necessary changes were made to maximize data relia-
bility. A senior pediatrician diagnosis measles based on admitted
clinical features, medical history, history of measles exposure, and
laboratory investigation. The study’s dependent variable was
measles immunization status; those who received one dose or
more of the MCV1 were recognized as vaccinated cases, while
those who had not received even one dose of MCV1 were
recognized as unvaccinated®!!. The independent variables were
the child, mother, or caregiver’s demographic characteristics (sex
and age of the child, mother or caregiver’s education level, child’s
place of birth, and monthly family income), admitted clinical

1551



Mohamud et al. Annals of Medicine & Surgery (2023)

Admitted or referral Childrens’ case record files from
the last measles outbreak in the study hospital.

(11:1|03) Exclusion from the study (n=10)
l e Incomplete case record files
* Duplicate cases

| Case record files included in the study (n=93) ‘

|
!

Figure 1. A workflow diagram.

Unvaccinated (n=84)

features (fever, cough, coryza, conjunctivitis, rash, and Koplik’s
spots), and complication status. Those who developed bronch-
opneumonia, excessive diarrhea with or without dehydration,
purulent conjunctivitis, severe mouth ulcer, otitis media, lar-
yngotracheobronchitis, and acute encephalomyelitis in the hos-
pital or before recognized measles complicated cases, while those
do not develop any of them are considered uncomplicated

Data collection procedure

Data were collected from the case record files through the well-
structured checklist between 10 October to 10 November 2022.
All complete case record files of the children admitted or referred
to the study hospital due to the measles infection during the last
measles outbreak between 1 January to 30 March 2022 were
included after excluding incomplete cases.

Data analysis

Data were cleaned, coded, entered, and kept on the spreadsheet,
then imported into the SPSS version 20 (SPSS) for analysis.
Descriptive analysis, including frequency, and percentages, was
used for categorical characteristics and the mean score with SD
for continuous variables (age in months). T1-beta (power of the
test) at 80% set as the power of analysis and x> used for full cells
filled or Fisher exact test for cells that expect less than 5 fre-
quencies in 20% of the total cell to identify the proportions dif-
ferences between vaccinated and unvaccinated hospitalized cases
with measles virus infection. This work report aligns with the
strengthening the reporting of cohort, cross-sectional and case-
control studies in surgery (STROCSS) criteria®3! and registered
researchregistry.com with UIN research-registry 8711 https:/
www.researchregistry.com/register-now#user-researchregistry/
researchregistry8711.

Results

Sociodemographic characteristics

A total of 93 measles-hospitalized children participated in the
study, mean age in months was 20.9 (SD +7.28), over half were
boys, 59.1% were born in a hospital, over two-thirds of the
mothers or caregivers does not have formal education, and over
48% had monthly family income less than 100 USD (Table 1).

Clinical features of the patients

An 84 (90.3%) of hospitalized measles children does not pre-
viously receive at least one dose of MCV1, while 9 (9.7%)
received one dose, and none of them had two doses or more. In
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Socio-demographic characteristics

Percentage (%)

Characteristics Frequency (n) n=93
Age in months
Mean (SD) Mean =20.97 (SD +7.28)
Sex
Boys 54 58.1
Girls 39 419
Education of mother or caregiver
Illiterate 65 69.9
Primary school 24 25.8
> Secondary 4 43
Place of childbirth
Home 38 40.9
Hospital 55 59.1
Monthly family income (USD)
<100 45 48.4
101-200 USD 44 47.3
> 200 USD 4 43

addition, 95.7% had a high fever, 93.5% had a cough, 67.7%
had a rash, 58.1% had coryza, 40.9% had conjunctivitis, and
30.1% had Koplik’s spots. Over half (55.9%) had complications
associated with measles (Table 2).

Demographic and clinical characteristics associated with
measles immunization status were monthly family income
(P =0.004), fever (P =0.005), cough (P =0.001), rash
(P =0.002), and Koplik’s spots (P =0.038) (Table 3).

Discussion

This study reported that 9.7% of hospitalized measles children
become infected since they previously received one dose of

Characteristics of clinical features

Percentage (%)

Characteristics Frequency (n) n=93
Fever

Yes 89 95.7

No 4 4.3
Cough

Yes 87 93.5

No 6 6.5
Coryza

Yes 54 58.1

No 39 419
Conjunctivitis

Yes 38 409

No 55 59.1
Rash

Yes 63 67.7

No 30 32.3
Koplik’s spots

Yes 28 30.1

No 65 69.9
Measles complication

Complicated 4 411

Uncomplicated 52 55.9
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Demographical, clinical, and complication comparison between
vaccinated and unvaccinated measles cases

MCV Immunization status

Characteristics Vaccinated (%) Unvaccinated (%) X P

Age in months
9-20 months 2 (4.0) 48 (96.0) 3.988"  0.460"
21-37 months 7 (16.3) 36 (83.7)

Sex
Boys 4 (7.4) 50 (92.6) 0.759"  0.384"
Girls 5(12.8) 34 (87.2)

Mother or caregiver’s education
lliterate 8(12.3) 57 (87.7) 17777 04117
Primary school 14.2 23 (95.8)

> Secondary 0 (0.0 4(100.0)

Place of childbirth
Home 2(5.3) 36 (94.7) 1.432" 02317
Hospital 7(12.7) 48 (87.3)

Monthly family income (USD)
<100 0(0.0) 45 (100.0) 11,180 0.004*
101-200 USD 9 (20.5) 35 (79.5)
> 200 USD 0(0.0) 4 (100.0)

Fever
Yes 7(7.9 82 (92.1) 7.7757  0.005*
No 2 (50.0) 2 (50.0)

Cough
Yes 6 (6.9) 81 (93.1) 11,9307 0.001*
No 3 (50.0) (50

Coryza
Yes 6 (11.1) 48 (89.9) 0.303"  0.582f
No 3(7.7) 36 (92.3)

Conjunctivitis
Yes 4(10.5) 34 (89.5) 0.053"  0.818"
No 5(9.1) 50 (90.9)

Rash
Yes 232 61 (96.8) 9.448"  0.002*
No 7 (23.3) 23 (76.7)

Koplik’s spots
Yes 0(0.0) 28 (100.0) 42927 0.038*
No 9(13.8) 56 (86.2)

Measles complication
Complicated 2(4.9 39 (95.1) 1.9327  0.165"
Uncomplicated 7 (13.5) 45 (86.

*P value less than 0.05.
32 test.
*Fisher’s exact test.

MCV1. Their immune system does not have enough responses
against the measles virus infection. Measles vaccination was
recognized as an effective preventive method. Also, previous lit-
erature reported vaccine inadequacy in different geographical
locations, but it was almost 1%, which is rare. Primary and
secondary vaccination failures make people susceptible to infec-
tion, particularly in measles-endemic areas. Similar studies
reported a high vaccination failure in those who took the vaccine
long-term ago'***5!. Furthermore, another study reported a
nonresponsiveness or primary vaccination failure effect in around
1-10% of vaccinated healthy individuals. However, its clinical
consequences, immunological background, and whether the
failure is antigen-specific or a common phenomenon are generally

unknown!3¢l.

One more study reported that in primary vaccination failure,
the host had an IgM immunological response, while in secondary
vaccination failure, the host had immunological memory for the
measles virus®7>*8], Insufficient measles immunization and vac-
cine failure are major factors against measles outbreak eradica-
tion, and improving vaccine logistics and storage is highly
needed!. A study suggests a booster dose for all children who
received the first dose of the measles vaccine before one year of
age under an immunization skin test!*'l. Moreover, secondary
vaccination failure was the most expected®, and vaccine
inadequacies were mostly from incomplete attenuation, incorrect
immunization schedules, poor vaccine logistics, and a cold chain.
Also, some remarkable host factors, such as host-health status,
age, genetic factors, vitamin A deficiency, malnutrition among
under-five children, and others are more challenging to define and
largely unexplained or unknown®¢>%1,

This study reported that unvaccinated hospitalized cases are
clinically severe compared to vaccinated cases. The most expected
clinical features for vaccinated cases were fever, cough, and
coryza, while conjunctivitis, rash, and Koplik’s spots are not
expected for vaccinated cases. In addition, fever, cough, rash, and
Koplik’s spots are associated with measles immunization status.
Similar studies conducted in California and west Africa were in
line®**%, Vaccinated children at a very young age experienced
mild measles clinical symptoms with less ill and less
contagious>”*°l. Early in life, vaccinated children showed sub-
clinical infection and sustained epidemics®*3°1, A systematic
review reported that those vaccinated had an immune response if
exposed to natural measles, and those with documented sec-
ondary vaccine failures always had mild clinical conditions!??!.

This study reported that measles complications are common in
unvaccinated cases with mild to moderate clinical symptoms
compared to those vaccinated. The measles vaccine may not
protect enough against infection, but it can reduce the severity
and complications possibility. A study done in Nigeria supported
and reported that measles infection is more severe in unvacci-
nated children, particularly females, with no severity difference in
agel*!. This study suggests considering the protective roles of
other antibodies and cell-mediated immune response when
measuring vaccine efficacy, particularly in measles-endemic areas
with recurrent measles outbreaks'>”!.

Less contagious were reported for vaccinated cases but, whe-
ther it is related to good public health practice or immunization
status is still unclear. Finally, this study revealed Rash and
Koplik’s spots could appear without cough and fever, particu-
larly in previous vaccinated cases, so the study highly recom-
mended measles diagnosis based on measles PCR test results by
collecting throat or nasopharyngeal swab specimens instead of
diagnosed by clinical features to avoid misdiagnoses. Finally, full
vaccination coverage was an effective prevention method against
infectious disease outbreaks. Numerous studies recommended
vaccination uptake!**+4],

Conclusion

Around one-ten of hospitalized children had one dose of the
MCV1; vaccinated cases had fewer illnesses with few complica-
tions than unvaccinated. The Somali community suffers recurrent
measles outbreaks, and vaccine inadequacy had a vital role. The
outbreak control programs and policymakers must focus on
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improving vaccine logistics, storage, following immunization
schedules, and recognizing outbreaks earlier. In addition, the
measles diagnosis must be based on test results rather than clin-
ical ones to reduce misdiagnosis. The paper highly recommends
improving vaccination uptake, providing booster doses, and
conducting further multicentral high sample-size studies to
identify whether vaccine inadequacy was due to host-related or
vaccine-related factors. Finally, surveillance, contact tracing,
vaccination, laboratory investigation, case management, and
healthcare workers’ training must continue.

Strength and limitation

More data about the measles outbreak is needed in Somalia,
especially in Mogadishu, the capital and highest populated city,
prevailing insecurity limits investigation efforts. This is the first
study in Somalia reporting vaccine inadequacy and comparing
vaccinated and unvaccinated hospitalized measles cases that will
become a significant guideline for outbreak control programs and
policymakers. In addition, the paper provides policy recom-
mendations and emphasizes conducting further studies. A small
sample-size with few vaccinated cases was recognized studies
limitation.

Ethical approval

Ethical approval was obtained from the Banadir hospital review
board (IRB Ref no: 2022/10/BH0062) and all data were pre-
sented without reflecting personal information to ensure con-
fidentiality and the study was implemented according to the rules
and regulations of the World Medical Association’s declaration
of Helsinki for human experiments.

Consent

Writing informed consent was waived because data was acquired
retrospectively by reviewing the patient’s medical record and case
record form.

Source of Funding

Not applicable.

Author’s Contribution

All authors had research ideas, develop the study design, and
review previous literature. Khalif and Najib developed a data
collection plan, analyzed data, and write a first draft of the
manuscript. Ikran designed the study tool. Omar formulates a
timeframe and collected data. All authors read and approved the
final manuscript.

Conflicts of interest disclosure

All authors declare that they do not have any conflicts of interest.

Annals of Medicine & Surgery

Research registration unique identifying number
(UVIN)

1. Name of the registry: Not applicable.

2. Unique Identifying number or registration ID: Not applicable.

3. Hyperlink to your specific registration (must be publicly
accessible and will be checked): Not applicable.

Data availability statement

All datasets generated and analyzed during the current study are
included in this article.

Provenance and peer review

Not commissioned, externally peer reviewed.

Acknowledgments

The authors acknowledge the healthcare workers of the study
hospital and their respective health management teams for their
cooperation in providing the necessary information.

References

[1] Krupka M, Matusu T, Sutova H, et al. Seroprevalence of measles anti-
bodies in the population of the olomouc region, Czech Republic—
comparison of the results of four laboratories. Vaccines 2022;10:185.

[2] Misin A, Antonello RM, Di Bella S, et al. Measles: an overview of a re-
emerging disease in children and immunocompromised patients.
Microorganisms 2020;8:276.

[3] Dalziel BD, Bjornstad ON, van Panhuis WG, et al. Persistent chaos of
measles epidemics in the prevaccination United States caused by a small
change in seasonal transmission patterns. PLoS Computat Biol 2016;12:
e1004655.

[4] Ferrari MJ, Grais RF, Bharti N, et al. The dynamics of measles in sub-
Saharan Africa. Nature 2008;451:679-84.

[5] Kamada M, Kenzaka T. A case of rubella caused by rubella vaccination.
Vaccines 2021;9:1040.

[6] Laksono BM, De Vries RD, McQuaid S, et al. Measles virus host invasion
and pathogenesis. Viruses 2016;8:210.

[7] Lopez-Perea N, Ferndndez-Garcia A, Echevarria JE, et al. Measles in
vaccinated people: epidemiology and challenges in surveillance and
diagnosis in the post-elimination phase. Spain, 2014-2020. Viruses
2021;13:1982.

[8] Ferren M, Horvat B, Mathieu C. Measles encephalitis: towards new
therapeutics. Viruses 2019;11:1017.

[9] Yano H, Suetake M, Endo H, et al. Isolation of measles virus from middle
ear fluid of infants with acute otitis media. J Inf 2005;51:e237-40.

[10] Kasundriya SK, Dhaneria M, Mathur A, et al. Incidence and risk factors
for severe pneumonia in children hospitalized with pneumonia in Ujjain,
India. Int ] Env Res Public Health 2020;17:4637.

[11] Manolescu D, Timar B, Bratosin F, et al. Predictors for COVID-19
complete remission with HRCT pattern evolution: a monocentric, pro-
spective study. Diagnostics 2022;12:1397.

[12] Bogdan I, Citu C, Bratosin F, et al. The impact of multiplex pcr in diag-
nosing and managing bacterial infections in COVID-19 patients self-
medicated with antibiotics. Antibiotics 2022;11:437.

[13] Storr C, Sanftenberg L, Schelling J, et al. Measles status—barriers to
vaccination and strategies for overcoming them. Deutsch Arztebl Int
2018;115:723.

[14] Griffith BC, Ulrich AK, Becker AB, et al. Does education about local
vaccination rates and the importance of herd immunity change US par-
ents’ concern about measles? Vaccine 2020;38:8040-8.

[15] Hao L, Glasser JW, Su Q, et al. Evaluating vaccination policies to
accelerate measles elimination in China: a meta-population modelling
study. Int J Epidemiol 2019;48:1240-51.

1554



Mohamud et al. Annals of Medicine & Surgery (2023)

[16] Kisa A, Hansson KA, Eftestol E, et al. Mapping routine measles vacci-
nation in low-and middle-income countries.

[17] European Centre for Disease Prevention and Control. Number of Measles
Cases by Month and Notification Rate per Million Population by Country,
January 2020-December 2020. 2021. Accessed on 5 July 2022. Available
online: https://'www.ecdc.europa.ew/en/publicationsdata/number-measles-
cases-month-and-notification-rate-million-population-country-27

[18] Turaiche M, Grigoras ML, Bratosin F, et al. Disease progression, clinical
features, and risk factors for pneumonia in unvaccinated children and
adolescents with measles: a re-emerging disease in Romania. Int ] Env Res
Public Health 2022;19:13165.

[19] Centers for Disease Control and Prevention. Measles Clinical features
diagnosing and Treating [Internet]. 2020 [cited 2023 Jan 8]. Available
from: https://www.cdc.gov/measles/hcp/index.html

[20] World Health Organization. Measles outbreak Somalia [Internet]. 2022
[cited 2023 Jan 8]. Available from: https://www.who.int/emergencies/
disease-outbreak-news/item/2022-DON371

[21] Plotkin SA. Failures of protection by measles vaccine. ] Pediat 1973;82:
908-11.

[22] Vainio K, Steen TW, Arnesen TM, et al. Measles virus genotyping an
important tool in measles outbreak investigation in Norway. 2011
Eurosurveillance 2012;17:20340.

[23] Gahr P, DeVries AS, Wallace G, et al. An outbreak of measles in an
undervaccinated community. Pediatrics 2014;134:¢220-8.

[24] Lynfield R, Danila RN, Determa D. Annual summary of communicable
diseases reported to the Minnesota Department of Health, 2017. Dis
Control Newsletter 2018;45:1-28.

[25] Vainio K, Renning K, Steen TW, et al. Ongoing outbreak of measles in
Oslo, Norway, January-February 2011. Eurosurveillance 2011;16:
19804.

[26] Bahta LY, Ashkir A. Addressing MMR vaccine resistance in minnesota’s
somali community. Minnesota Med 2015;98:33-6.

[27] Jenness SM, Aavitsland P, White RA, et al. Measles vaccine coverage
among children born to Somali immigrants in Norway. BMC Public
Health 2021;21:1-8.

[28] Gele AA, Pettersen KS, Torheim LE, et al. Health literacy: the missing link
in improving the health of Somali immigrant women in Oslo. BMC Public
Health 2016;16:1-9.

[29] Gele AA, Torheim LE, Pettersen KS, et al. Beyond culture and language:
access to diabetes preventive health services among Somali women in
Norway. ] Diabetes Res 2015;2015.

[30] Kim J, Seo BS. How to calculate sample size and why. Clinics Orthop Surg
2013;5:235-42.

[31] Fragkou PC, Thomas K, Sympardi S, et al. Clinical characteristics and
outcomes of measles outbreak in adults: a multicenter retrospective
observational study of 93 hospitalized adults in Greece. ] Clin Virol
2020;131:104608.

[32] Asghar RM, Sharif M, Khan 1Y, et al. Complications of measles in
malnourished children, a descriptive cross-sectional study at a Tertiary
Care Hospital Rawalpindi. ] Rawalpindi Med Coll 2017;21:108-11.

[33] Mathew G, Agha R, Albrecht J, et al. Strocss 2021: strengthening the
reporting of cohort, cross-sectional and case-control studies in surgery.
Int ] Surg Open 2021;37:100430.

[34] Paunio M, Hedman K, Davidkin I, et al. Secondary measles vaccine
failures identified by measurement of IgG avidity: high occurrence
among teenagers vaccinated at a young age. Epidemiol Inf 2000;124:
263-71.

[35] Paunio M, Peltola H, Valle M, et al. Explosive school-based measles
outbreak: intense exposure may have resulted in high risk, even among
revaccinees. Am ] Epidemiol 1998;148:1103-10.

[36] Wiedermann U, Garner-Spitzer E, Wagner A. Primary vaccine failure to
routine vaccines: why and what to do? Hum Vacc Immunotherap
2016;12:239-43.

[37] Cherry JD, Feigin RD, Lobes LA Jr, et al. Urban measles in the vaccine era:
a clinical, epidemiologic, and serologic study. J Pediat 1972;81:217-30.

[38] Cherry JD, Feigin RD, Shackelford PG, et al. A clinical and serologic
study of 103 children with measles vaccine failure. J Pediatr 1973;82:
802-8.

[39] Cherry JD, Zahn M. Clinical characteristics of measles in previously
vaccinated and unvaccinated patients in California. Clin Inf Dis 2018;67:
1315-9.

[40] Aaby P, Bukh ], Leerhoy ], et al. Vaccinated children get milder measles
infection: a community study from Guinea-Bissau. J Infect Dis 1986;154:
858-63.

[41] Faneye AO, Adeniji JA, Olusola BA, et al. Measles virus infection among
vaccinated and unvaccinated children in Nigeria. Viral Immunol
2015;28:304-8.

[42] Dey SK, Rahman MM, Siddiqi UR, et al. Analyzing the epidemiological
outbreak of COVID-19: a visual exploratory data analysis approach.
] Med Virol 2020;92:632-8.

[43] Dey SK, Rahman MM, Siddiqi UR, et al. Exploring epidemiological
behavior of novel coronavirus (COVID-19) outbreak in Bangladesh. SN
Comp Clin Med 2020;2:1724-32.

[44] Dey SK, Rahman MM, Siddiqi UR, et al. Global landscape of COVID-19
vaccination progress: insight from an exploratory data analysis. Hum
Vacc Immunotherap 2022;18:2025009.

1555


https://www.ecdc.europa.eu/en/publicationsdata/number-measles-cases-month-and-notification-rate-million-population-country-27
https://www.ecdc.europa.eu/en/publicationsdata/number-measles-cases-month-and-notification-rate-million-population-country-27
https://www.cdc.gov/measles/hcp/index.html
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON371
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON371

