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Abstract

Globally, 24 measles virus genotypes have been detected, and these genotypes have been
classified into eight clades based on 450 nucleotides of the C-terminal region of the nu-
cleoprotein gene. Genotype B3 is predominant in Africa, but there are limited data from
Tanzania since the introduction of the second dose of measles-containing vaccine in 2014. A
total of 129 nasopharyngeal samples and corresponding sera were collected during measles
outbreaks between 2022 and 2024. Viral RNA was extracted from nasopharyngeal swabs
prior to RT-qPCR and sequencing of a 450-nucleotide segment of the nucleoprotein (N) gene.
Out of 129 nasopharyngeal samples, 73 (56%) were successfully amplified and identified as
endemic measles virus genotype B3. Nine distinct sequence identifiers were detected, with
seven reported for the first time in the MeaNS database. All the Tanzanian B3 sequences
were closely related and clustered with genotype B3, similar to those reported from Kenya,
Ethiopia, Rwanda, Uganda, Burundi, and South Africa. On multivariate analysis, only
inpatient admission status (p = 0.014) and positive measles IgM (p = 0.003) were found
to be associated with positive measles RT-qPCR. Our results indicate that genotype B3
remains endemic in Tanzania and is closely related to other genotype B3 reported globally,
indicating its high stability and transmissibility.

Keywords: measles virus; genotypes; nucleoprotein gene; Tanzania

1. Introduction

Measles virus (MeV) is highly contagious, causing a respiratory disease that is trans-
mitted through respiratory droplets when a person with active infection talks, coughs,
or sneezes [1]. MeV RNA can be detected by RT-PCR in urine, throat swabs, and
blood samples up to 14 days after rash onset, with lower detection rates 5-7 days af-
ter rash [2]. Genotypic surveillance of MeV is based on the nucleotide sequence encoding
the 150 carboxyl-terminal amino acids of the nucleoprotein (N450), a region with high
variability in the genome [3,4]. The World Health Organization (WHO) recognizes eight
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clades of MeV: A, B, C, D, E, E G, and H. Within these clades, there are 24 recognized
genotypes, designated A, B, B2, B3, C1, C2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, E, E,
G1, G2, G3, H1, H2, and one provisional genotype, D11 [5-7].

Despite the existence of multiple genotypes, there is a high similarity in surface
antigens among all MeV strains [3,4,8]. Therefore, all MeV isolates are classified as a single
serotype, and infection or vaccination generally provides lifelong immunity. Molecular
characterization has been pivotal in tracking viral genotypes over time in specific regions,
enabling the differentiation between natural infections and adverse events induced by
vaccination [9-11]. In combination with standard epidemiologic information, genotyping
can be used to track transmission pathways and provide evidence for verification of measles
elimination [6].

Globally, the diversity of circulating MeV genotypes is decreasing [4,5], with eighteen
genotypes identified in 2003 [12]. Between 2005 and 2014, 13 genotypes were reported
globally [4,13]. Between 2018 and 2024, only five genotypes (B3, D4, D8, D9, and H1)
from three clades have been reported to the WHO Global Measles Nucleotide Surveillance
(MeaNS) database [14]. Since 2021, MeV circulation has been linked to B3 and D8 genotypes,
accounting for 97% of the genotypes reported to the MeaNS database [14,15]. This trend
highlights the success of measles elimination strategies in interruption of the transmission
of several genotypes [12].

Some MeV genotypes have been found to correlate with specific geographical regions:
clade B is prevalent in Sub-Saharan and Central Africa, clade G in Southeast Asia, and
clade H in Southeast Asia and China. Clade D viruses are more broadly distributed and
endemic to Eastern Africa, parts of Europe, and the Indian sub-continent [16]. Measles
clade B genotypes (B1, B2, and B3) are endemic in Sub-Saharan Africa [9,17] and have been
associated with frequent importations into different parts of the world [16]; these genotypes
have been detected in all six WHO regions [18]. Genotype B3, which was first detected in
1993 in Gambia, has been associated with outbreaks [19-21] and has been reported to be
significantly more transmissible than other genotypes [17]. Genotypes D2, D4, and D10
were frequently detected in the southern and eastern parts of the African continent [22-24],
though more recent outbreaks in Kenya, Uganda, Burundi, and Tanzania have been caused
by genotype B3 [25]. Genotypes D4 and D10, which had been circulating in eastern Africa,
have not been detected in the past 3 years, and D10 has not been detected anywhere since
2005 [26].

Virologic surveillance in the WHO African Region has significantly advanced, with
reports of viral genotype data collected from 21 countries between 2007 and 2024 [9]. The
predominant genotype was B3, accounting for 197 out of 220 sequences reported to the
MeaNS database. In some African countries, genotype B2 viruses were also detected
between 2002 and 2010 [27-29]. Genotype B3 sub-cluster B3-1 has previously been isolated
from Cameroon, Ghana, Nigeria, Kenya, and Tanzania, suggesting that genotype B3-1
viruses are widely distributed throughout Africa [6,23,30,31]. The circulation of genotype
B3-2 appears to be more limited to Western Africa [27]. Over the past two decades, B3, D3,
and D8 MeV genotypes have been circulating in 10 West African countries, with genotype
B3-1 currently dominating, especially in Nigeria, indicating endemic transmission [32].

The WHO recommends implementing virological surveillance for measles to identify
indigenous strains [33]; this identification is crucial for understanding transmission pat-
terns, assessing progress toward elimination, and monitoring immunization programs [31].
Verification of measles elimination requires documentation of at least 12 months without
endemic MeV circulation, supported by an effective surveillance system [14].

Tanzania has experienced measles outbreaks of varying magnitude over the years,
particularly between 1999 and 2022 [34-38]. Between 2018 and 2022, the country docu-
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mented an increase in the number of measles cases and widespread measles outbreaks [38].
Limited data are available regarding MeV genotypes in Tanzania, representing a significant
gap in monitoring progress towards measles elimination in the country. Measles genotype
B3 was detected from four samples of nasal swabs, of which three had similar sequences
collected from the initial cluster of laboratory-confirmed measles cases from the Muheza
district in the Tanga region during a large outbreak in 2006 [36]. Since the introduction of
the second dose of measles—rubella (MR2) vaccine into routine immunization in 2014, there
has been no documentation of circulating measles genotypes in Tanzania. This study pro-
vides information on the circulating measles genotypes in Tanzania during the 10 years of
implementing a two-dose MR vaccination policy (MR1 at 9 months and MR2 at 18 months)
and provides critical evidence for assessing progress toward measles elimination by 2030
in line with the Immunization Agenda 2030 [39].

2. Materials and Methods
2.1. Study Design

This was a cross-sectional study using the data collected for routine measles surveil-
lance involving suspected measles cases from all 195 councils who presented with rash and
fever within 5 days of the onset of these symptoms. Nasopharyngeal swabs and respec-
tive serum samples were collected and shipped to the National Public Health Laboratory
(NPHL) for analysis to identify the specific type of MeV genotypes causing outbreaks
in Tanzania.

2.2. Study Population and Clinical Samples

A total of 129 non-repetitive serum samples and corresponding nasopharyngeal swabs
from suspected measles cases presenting with fever and rash within 5 days of onset of
the symptoms were collected according to measles and rubella surveillance guidelines for
AFRO countries. The majority of the samples (127) were collected during measles outbreaks
that occurred between 2022 and 2024, one sample from the measles outbreak that occurred
in 2011 in Iringa, and one from the outbreak in refugees camp in Kigoma in 2020. Clinical
and demographic characteristics, including age, date of symptom (rash and fever) onset,
vaccination status, admission history, and other additional information were collected
using the measles generic case investigation form (CIF). Sera and nasopharyngeal swabs
were transported to the NPHL under a maintained cold chain. Nasopharyngeal swabs were
carefully preserved in viral transport medium (VIM) throughout the collection process.
Samples were initially stored at 2-8 °C for up to 7 days before testing, and, subsequently,
they were maintained at —20 °C before undergoing further analyses.

2.3. Detection of Measles Immunoglobulin M (IgM) Antibodies

Anti-measles IgM antibodies from patient serum samples were detected using Neu-
roimmune EIA kits (EUROIMMUN Medizinische Labordiagnostika AG, Liibeck, Germany)
following the manufacturer’s instructions and the WHO manual for the laboratory-based
surveillance of measles, rubella, and congenital rubella syndrome [40].

2.4. RNA Extraction, Reverse-Transcription Quantitative Real-Time PCR (RT-qPCR) Detection,
and Reverse-Transcription Real-Time PCR (RT-PCR) Amplification of the MeV N450 Region
Viral RNA was extracted from 129 nasopharyngeal swabs using the QIA amp Viral
RNA Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer’s instructions.
Initial screening for MeV was performed using a US CDC-recommended RT-qPCR assay
targeting the MeV nucleoprotein (N) gene, with human RNase P mRNA included as an
internal control to assess RNA extraction quality and integrity. Briefly, the RT-qPCR was
conducted using the forward primer (MVN1139-F): 5-TGGCATCTGAACTCGGTATCAC-
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3/, the reverse primer (MVN1213-R): 5-TGTCCTCAGTAGTATGCATTGCAA-3/, and probe
(MVNP1163-P): 5-FAM-CCGAGGATGCAAGGCTTGTTTCAGA-BHQ-3' on an ABI 7500
Fast Real-time PCR thermocycler (Applied Biosystems, Foster City, CA, USA). The RT-qPCR
reaction was performed in a final volume of 25 uL using the SuperScript III Platinum One-
Step qRT-PCR Kit (Life Technologies, Carlsbad, CA, USA), according to the manufacturer’s
instructions and the US CDC protocol [41,42]. The cycling conditions included a reverse-
transcription step at 48 °C for 30 min, followed by enzyme activation at 95 °C for 5 min,
40 cycles of denaturation at 95 °C for 15 s, and annealing/extension at 60 °C for 1 min.

Samples yielding positive RT-qPCR results were subsequently subjected to conven-
tional one-step RT-PCR for amplification of the MeV N450 region for molecular char-
acterization and genotyping. Briefly, RT-PCR was conducted using primers MeV-216
(5-TGGAGCTATGCCATGGGAGT-3') and MeV-214 (5'-TAACAATGATGGAGGGTAGG-
3'), according to the manufacturer’s instructions and the US CDC protocol [41,42]. The
Qiagen One-step RT-PCR kit (Qiagen, Hilden, Germany) was used to amplify the desired
gene fragment. The RT-PCR mixture contained 27.5 pL of nuclease-free water, 10 uL of 5X
Qiagen One Step buffer, 2 pL of ANTP, 1.5 pL of 20 pM MeV214 primer, 1.5 uL of 20 uM
MeV216 primer, 0.5 uL of RNase inhibitor, 1 uL of Qiagen enzyme, and 5 puL of the RNA.
The RT-PCR process was conducted in a 96-well conventional GeneAmp 9700nPCR system
thermocyclers (Applied Biosystems, Foster City, CA, USA). The cycling conditions included
reverse transcription for 30 min at 50 °C, initial denaturation for 15 min at 95 °C, followed
by 40 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, and extension
at 72 °C for 30 s, with a final extension at 72 °C for 10 min and storage at 4 °C. Subse-
quently, the RT-PCR products were visualized on a 1% agarose gel after electrophoresis for
lhat100 V.

2.5. Measles Genotyping

The amplified N450 fragments were purified using ExoSAP-IT PCR product cleanup
reagent (Applied Biosystems, Foster City, CA, USA). Purified PCR products were sequenced
using Sanger sequencing with primers MeV214 and MeV216, as specified in the US CDC
protocol [41,42]. The Big-Dye terminator V3.1 ready reaction cycle sequencing kit (Ap-
plied Biosystems, Foster City, CA, USA) was used during sequencing PCR in accordance
with the manufacturer’s guidelines on GeneAmp 9700 PCR system thermocyclers (Ap-
plied Biosystems, Foster City, CA, USA). Finally, the purification of the cycle sequencing
product was achieved using the BigDye XTerminator purification kit (Applied Biosys-
tems, Foster City, CA, USA), and nucleotide sequencing was performed on a 3500 XL
genetic analyzer (Applied Biosystems, Foster City, CA, USA). Sequence analysis was car-
ried out using the web-based RECall v2.32.1 software (https:/ /recall.bccfe.ca/updates,
accessed on 10 December 2025). The 450-long nucleotide fragments derived from RECall
v2.32.1 were analyzed for the closest match against 28 reference nucleotide sequences
and, subsequently, against eight additional genotype B3 sequences from GenBank, using
the Clustal W algorithm implemented in MEGA 11 [9]. All nucleotide sequences gener-
ated in this study adhered to the WHO nomenclature and were submitted to the Measles
Nucleotide Surveillance (MeaNS) database and NCBI GenBank with accession numbers:
PX854700-PX854771 (BankIt3041377).

2.6. Data Analysis and Phylogenetic Analysis

Descriptive data analysis was performed using STATA software version 15 (StataCorp,
College Station, TX, USA). Continuous independent variables such as age and days from
rash/fever onset to sample collection (days—onset) were summarized with median and
interquartile range (IQR), while categorical independent variables (sex, vaccination status,
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admission status, clinical symptoms, and age categories of <5 years, 5-9.99 years, and
>10 years) were summarized as proportions. The two-sample Wilcoxon’s rank-sum (Mann-—
Whitney) test was used to compare median duration since vaccination to sample collection
among those that received either a single dose or two doses in relation to laboratory-
confirmed measles cases. Chi-squared test was used in univariate and multivariate logistic
regression analysis to determine factors associated with RT-PCR positivity (dependent
variable). All factors with a p-value < 0.05 in the univariate analysis were included in the
multivariate model, which was adjusted for age and sex. A p value of <0.05 was considered
statistically significant. The odds ratios (ORs) with respective 95% Confidence Intervals
(CIs) and p-values were presented.

Phylogenetic trees were constructed in MEGA 11 using the maximum parsimony
method with MeV B3 genotypes outside Africa as the outgroup and 1000 bootstrap repli-
cates. Clade, genotype, and cluster attributions were established by assessing the formed
clusters between the analyzed sequences and reference sequences of known clades [9].

2.7. Ethical Considerations

This study received ethical approval to use the data and archived samples col-
lected between 2022 and 2024 from the Joint CUHAS/BMC Research Ethics and Re-
view Committee (CREC/953/2025), and permission was granted from the Ministry
of Health. The collection of the data adhered to the WHO protocol for measles and
rubella surveillance (https://www.afro.who.int/sites/default/files /2017-06 /who-african-
regional-measles-and-rubella-surveillance-guidelines_updated-draft-version-april-2015_1
.pdf) (accessed on 22 January 2026).

3. Results
3.1. Demographic Characteristics of Measles Cases

Table 1 below summarizes the sociodemographic and clinical characteristics of
129 participants from whom the serum samples and corresponding nasopharyngeal swabs
were collected between 2022 and 2024. All participants presented with fever and rash, and
the majority also had cough 109 (84.5%) and runny nose 93 (72.1%). The median age was
60 (IQR: 24-109) months. There was a slight male predominance, 71 (55%), and 52 (40.3%)
samples were from participants who were not vaccinated against measles (zero dose).

Regarding those who received only the first dose (1 = 13, MR1), the median duration
between vaccination and sample collection was 36 months, IQR (7-124), while among
those that received two doses (n = 24), the median duration between last vaccination (MR2)
and sample collection was 21 months, IQR (11-60). No significant difference (p = 0.831)
was observed regarding median duration since vaccination among negative cases (n = 30,
25.5 months, IQR: 9-66) and laboratory-confirmed cases—either measles IgM positive
or RT-qPCR positive (n = 7, 21 months, IQR: 2-124). In addition, a total of 36 (27.9%)
suspected cases were admitted, with no case of neurological complications of measles
reported during hospitalization.

3.2. Factors Associated with RT-gPCR Positivity

Measles-specific IgM antibodies were detected in 78 (60.4%, 95% CI: 51.9-68.8) of
the 129 serum samples tested. Of the 129 nasopharyngeal samples tested using measles
RT-qPCR, 73 (56.5%, 95% CI: 47.9-65.0) were found to be positive. A total of 58 (44.9%)
participants were positive for both measles-specific IgM and measles RT-qPCR. Out of 51
participants who were measles-specific IgM negative, 15 (29.4%) were measles RT-qPCR
positive. In addition, of 78 participants who were measles-specific IgM positive, 20 (25.6%)
were RT-qPCR negative. The median duration from onset of symptoms to sample collection

https://doi.org/10.3390/v18020182
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among those who were measles IgM positive but RI-qPCR negative (1 = 20) was 3 days,
IQR: 14.5; for those who were measles IgM negative but RT-qPCR positive (n = 15), it
was 3 days, IQR: 2—4; and for those who were positive for both (n = 58), it was 3 days,
IQR: 24.5.

Table 1. Sociodemographic and clinical characteristics of 129 suspected measles cases during the
2022-2024 outbreaks in Tanzania.

Variable N %, Median IQR
** Age in months 129 60: IQR (24-109)
Age category (years)
<5 70 54.3
5-9.99 32 24.8
>10 27 20.9
Sex
Female 58 45.0
Male 71 55.0
Vaccination
Two doses 24 18.6
One dose 13 10.1
Zero dose 52 40.3
Unknown 27 20.9
Not eligible 13 10.1
** Days—onset 129 3: IQR (2-4)
Admission status
Outpatient 93 721
Inpatient 36 27.9
Cough
No 20 15.5
Yes 109 84.5
Running Nose
No 36 27.9
Yes 93 72.1
Joint Pain
No 118 91.5
Yes 11 8.5
Red eyes
Yes 48 37.2
No 81 62.8

** Median and interquartile range (IQR).

On multivariate analysis, only inpatient admission status (OR: 4.181, 95% CI: 1.332-13.123,
p = 0.014) and positive measles IgM (OR: 5.013, 95% CI: 1.726-14.561, p = 0.003) were signif-
icantly associated with positive RT-qPCR (Table 2). Further analysis revealed that, out of
36 inpatients, 32 (88.9%) were either not vaccinated (n = 18), of unknown vaccination status
(n =11), or were not eligible for vaccination (n = 3). Three inpatients (8.3%) had received
one MR dose, and one inpatient (2.7%) had received two MR doses.

3.3. MeV Genotypes Identified During Outbreaks

All 73 RT-qPCR positive samples were successfully sequenced and were identi-
fied as genotype B3 (Figure 1). All the Tanzania genotype B3 sequences were closely
related and clustered with other MeV genotype B3 sequences from Kenya, Ethiopia,
Rwanda, Uganda, Burundi, and South Africa. Nine distinct sequence identifiers were
detected out of 73 sequences, with the predominance of distinct Sequence ID 8359 that
accounted for 65 sequences (89.0%). This ID corresponds to the named strain MVs/Western
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Cape.ZAF/32.22 with the GenBank accession number PP987392, originally submitted from
South Africa to the MealNS database in August 2022. Other distinct sequence identifiers
with one each, included 1310, 8614, 8615, 8616, 8617, 8618, 8619, and 8620. The sample with
unique ID 1310 belonged to a named strain MVi/Harare.ZWE/38.09 and was collected
during the 2011 measles outbreaks that occurred in Iringa. The remaining seven distinct
sequence identifiers did not have named strains in the MeaNS database (Table 3).

Table 2. Factors associated with measles RT-qPCR positivity among 129 suspected measles cases
during the 2022-2024 outbreaks in Tanzania.

Variable RT-qPCR Results
Univariate Multivariate
N Positive (1, %) OR (95% CI) p Value aOR (95% CI) p Value
** Age in years 129 73,72: 1QR 35-144  1.007 (1.00-1.012) 0.009 1.004 (0.997-1.010) 0.245
Age category (years)
<5 70 36 (51.4) 1
5-9.99 32 16 (50.0) 0.94 (0.40-2.18) 0.893
>10 27 21 (77.8) 3.3 (1.19-9.17) 0.022
Sex
Female 58 29 (50.0) 1
Male 71 44 (62.0) 1.62 (0.80-3.30) 0.173 1.81 (0.756—4.333) 0.182
Vaccination
Two doses 24 7 (29.2) 1 1
One dose 13 4 (30.8) 1.08 (0.24-4.69) 0.919 0.877 (0.157-4.875) 0.881
Zero dose 52 35 (67.3) 5.0 (1.74-14.34) 0.003 1.088 (0.287-4.125) 0.900
Unknown 27 21 (77.8) 8.5 (2.4-30.0) 0.001 1.740 (0.373-8.118) 0.481
Not eligible 13 6 (46.2) 2.1 (0.51-8.45) 0.305 0.984 (0.186-5.198) 0.985
** Days—onset 129 73,3 (IQR: 2-4) 1.04 (0.86-1.25) 0.45
Admission status
Outpatient 93 45 (48.4) 1 1
Inpatient 36 28 (77.8) 3.7 (1.5-9.0) 0.004 4.181 (1.33-13.123) 0.014
Cough
No 20 4 (20.0) 1 1
Yes 109 69 (63.0) 6.9 (2.1-22.1) 0.001 2.438 (0.609-9.755) 0.208
Running Nose
No 36 20 (55.6) 1
Yes 93 53 (57.0) 1.06 (0.48-2.30) 0.883
Joint Pain
No 118 65 (55.1) 1
Yes 11 8 (72.7) 2.17 (0.54-8.60) 0.268
Measles IgM
Negative 51 15 (29.1) 1
Positive 78 58 (74.4) 6.96 (3.16-15.31) <0.001 5.013 (1.726-14.561) 0.003

** Median and interquartile range (IQR) (time from onset of symptoms (rash and fever) to sample collection).
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Figure 1. Phylogenetic analysis of the predominant endemic B3 genotype. The tree was con-
structed based on 450 nucleotides of the C-terminal region of the nucleoprotein gene (N450).
The tree was prepared using MEGA and the maximum parsimony model. Bootstrap values are
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indicated (significant value > 80%). The reference viruses are designated by their GenBank accession
numbers. The Tanzanian sequences branching from the 97 nodes are designated by their WHO
name (in the MeaNS database). The majority of TZ genotype B3 sequences (red) clustered with
other genotype B3 sequences from Africa (black), and 65 were similar with strain GenBank accession
number PP987392 from South Africa (Distinct Sequence ID: 8359).

Table 3. Descriptions of 7 sequences with new unique sequence identifiers.

SNO WHO Strain Name Distinct Seq. Id.  Genotype Place Case Onset Date
1 MVs/Arusha.TZA/52.22 8614 B3 Arusha 30 December 2022
2 MVs/Katavi.TZA/01.23 8615 B3 Katavi 1 January 2023
3 MVs/Kigoma.TZA /32.23 8616 B3 Kigoma 10 August 2023
4 MVs/Manyara.TZA/25.23/4 8617 B3 Manyara 20 June 2023
5 MVs/Tabora.TZA/31.23 /4 8618 B3 Tabora 3 August 2023
7 MVs/Tabora.TZA /13.23 8619 B3 Tabora 26 March 2023
8 MVs/Kigoma.TZA /34.20 8620 B3 Kigoma 20 August 2020

3.4. Geographical Distribution of Measles Genotypes in Tanzania

Genotype B3 was obtained from all councils that submitted samples: 6 from Arusha,
4 from Dar es Salaam, 5 from Katavi, 10 from Kigoma, 4 from Lindi, 8 from Manyara,
5 from Morogoro, 01 from Mtwara, 3 from Rukwa, 5 from South Pemba, 01 from Iringa,
and 21 from Tabora (Figure 2).

® New strains
® Known strains
[ Water Body
[ Regional border

Figure 2. Geographical distribution of genotyped measles cases in Tanzania 2022-2024.

4. Discussion

This study has documented the MeV genotype circulating in Tanzania 10 years after
introduction of the second dose of the MR vaccine. All 73 strains identified were found to
be genotype B3, detected in all 11 regions that submitted samples. Nine unique sequence
identifiers were reported among 73 strains, of which seven of them were reported for the
first time in Tanzania. The majority of strains, 65 (89.0%), had the unique distinct sequence
identifier 8359 for the named MVs/Western Cape.ZAF/32.22, reported for the first time in
South Africa.

https://doi.org/10.3390/v18020182
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Out of 129 serum and nasopharyngeal samples collected, 60.4% and 56.4% were
measles-specific IgM and RT-qPCR positive, respectively. The observed high positivity
could be explained by the timing of sample collection. In this study, serum samples
and nasopharyngeal swabs were collected concurrently from cases presenting with fever
and rash within 5 days of onset of these symptoms from councils with suspected measles
outbreaks. As documented previously, samples collected within time of high viral shedding
have been found to have high isolation rates [43].

The inpatient admission status and measles IgM-positive status were significantly
associated with RT-qPCR positivity. It was further observed that the majority of those
inpatients were either not vaccinated, had unknown vaccination status, or were not eligible
for vaccination, indicating an increased risk of being infected with severe disease and
requiring admission, as documented previously [44].

The majority of those who were measles IgM positive were also positive on real-time
RT-qPCR, with a significant association in the multivariate analysis. Measles IgM antibodies
are usually produced in the early stage of the disease, making the presence of measles IgM
a strong predictor of viral isolation. Studies have shown that 100% of patients develop IgM
antibodies 4 to 11 days after the onset of rash [45].

In this study, the discrepancy between measles IgM positivity and RT-qPCR was
observed: 29.4% of those testing measles IgM negative were measles RT-qPCR positive,
and 25.6% of those who were measles IgM positive were RT-qPCR negative. This could
be explained by immune responses in relation to the concentrations of IgM- and IgG-
neutralizing antibodies with viral replications, which can vary between individuals in
relation to the timing of sample collection [46]. Xu et al., 2018, reported similar findings,
with 14-40% in those with onset of rash within 3 days being RT-qPCR negative despite
being measles IgM positive [47]. Further studies to establish the optimal time for sample
collection and the dynamics of IgG measles antibodies in relation to RI-qPCR are warranted.

All the samples sequenced in this study belonged to genotype B3, and this genotype
was detected in all regions that submitted samples. The MeV genotype B3 has remained
endemic in Tanzania for about 19 years, and has persisted despite 10 years of implementing
a two-dose MCV policy. These findings are similar to reports from a number of countries
in the WHO African Region that have reported the persistence of genotype B3 [9,27,41].
The persistence of genotype B3 could be due to the fact that this genotype is significantly
more transmissible than other genotypes, with an R of 0.64, while the Ry for all other
genotypes combined is 0.43 [17,48]. The variability in measles transmissibility among
genotypes may have important implications for measles control because the vaccination
threshold required for elimination may not be the same for all genotypes or among all age
groups. Phylogenetic analysis of the MeV genotype B3 from Tanzania and other African
countries depicts evidence of a close evolutionary relationship between MeV from Tanzania
and strains circulating in other African countries [12]. This is further supported by the
fact that 65 strains from Tanzania shared the same unique sequence ID with a strain from
South Africa isolated in 2022; named MVs/Western Cape.ZAF/32.22 with the GenBank
accession number PP987392 (https:/ /www.ncbinlm.nih.gov/nuccore/PP987392) accessed
on 22 January 2026.

The genotype data are critical in monitoring the transmission of the virus, especially in
this era of measles elimination strategies. It should be noted that the genotype data are use-
ful in assessing the ongoing and constant transmission in countries with endemic measles
because, in these countries, many lineages of a single genotype may co-exist as countries
begin to move from endemic to epidemic measles. On the other hand, in countries that
have eliminated endemic measles, multiple genotypes representing different importation
sources without evidence of sustained transmission of any lineage may be detected. In
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addition, large measles outbreaks caused by a single viral lineage with identical or nearly
identical sequences may be detected in countries that had previously high vaccination
coverage but have begun to accumulate a larger susceptible population [6,23,30]. Sixty-five
(89.0%) of the sequences in this study were identical, confirming large measles outbreaks
as a result of the accumulation of a susceptible population.

Despite the fact that the samples genotyped in the current study were not from all
regions reporting measles outbreaks, the detected genotype B3 could be responsible for the
measles outbreaks that occurred country-wide between 2022 and 2024. This is because only
B3 and D8 have been circulating globally since 2020, and D8 is not endemic in Africa. As
aspects to note, this study did not perform whole-genome sequencing to further delineate
the MeV and establish the evolution of MeV in Tanzania; in addition, the Measles IgG
avidity assay was not performed to assess the influence of IgG antibodies in the positivity
of RT-qPCR.

5. Conclusions

In conclusion, genotype B3 is still endemic in Tanzania and is closely related to other
genotype B3 reported globally, indicating its high stability and transmissibility. There is
a need to sustain measles genotype surveillance to track circulating wild-type measles
strains in the country, and for early detection of the new strains, especially at this time
when the country targets measles elimination by 2030 in accordance with AFRO Measles
Rubella elimination targets. Identification of seven B3 genotype strains with unique distinct
sequence identifiers based on the N450 region shows continuous changes in the MeV,
underscoring the need of extended sequencing or WGS to clearly delineate the circulating
measles strains in the country, as the standard N450 sequence has limited resolution.

Author Contributions: Conceptualization, FS.M., M.\M.M., G.M. and S.E.M.; methodology, F.S.M.,
M.EK, LAM, M.FE,NHM.,, AHI, KAT. and A.EM,; formal analysis, ES.M., M.E.K., L. A.M. and
S.E.M.; resources, F.5.M.; data curation, F.5S.M. and M.E.K,; writing—original draft preparation, FS.M.;
writing—review and editing, M.M.M., G.M. and S.E.M.; supervision, M.M.M., G.M. and S.E.M. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by a grant from the Ministry of Health, Tanzania, to ES.M.

Institutional Review Board Statement: This study received ethical approval from the Joint
CUHAS/BMC Ethics and Review Committee (CREC/953/2025) (approved on 30 May 2025), and
granted permission from the Ministry of Health.

Informed Consent Statement: The archived data and samples are collected by the Ministry of
Health for the routine Measles surveillance according to the WHO protocol for measles and rubella
surveillance. Due to the fact that the data and samples had already been collected as per standard
protocol and further analysis would not use patients’ identifiers, informed consent was waived for
this study.

Data Availability Statement: All data are included in the manuscript.

Acknowledgments: The authors are grateful to the Ministry of Health, Tanzania, National Public
Health Laboratory staff and all staff from health facilities who participated in the collection of
the data.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Leung, AK.; Hon, K.; Leong, K.; Sergi, C. Measles: A Disease Often Forgotten but Not Gone. Hong Kong Med. J. 2018, 24, 512-520.

[CrossRef]

2. Griffin, D.E. Measles Immunity and Immunosuppression. Curr. Opin. Virol. 2021, 46, 9-14. [CrossRef]

https:/ /doi.org/10.3390/v18020182


https://doi.org/10.12809/hkmj187470
https://doi.org/10.1016/j.coviro.2020.08.002
https://doi.org/10.3390/v18020182

Viruses 2026, 18, 182 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Penedos, A.R.; Myers, R.; Hadef, B.; Aladin, E; Brown, K.E. Assessment of the Utility of Whole Genome Sequencing of Measles
Virus in the Characterisation of Outbreaks. PLoS ONE 2015, 10, e0143081. [CrossRef]

Zhou, N.; Li, M.; Huang, Y.; Zhou, L.; Wang, B. Genetic Characterizations and Molecular Evolution of the Measles Virus Genotype
B3’s Hemagglutinin (H) Gene in the Elimination Era. Viruses 2021, 13, 1970. [CrossRef]

Mulders, M.N.; Rota, P.A.; Brown, K.; Goodson, J. Genetic Diversity of Wild-Type Measles Viruses and the Global Measles
Nucleotide Surveillance Database (MeaNS). Wkly. Epidemiol. Rec. 2015, 90, 373-380.

Coughlin, M.; Beck, A.; Bankamp, B.; Rota, P. Perspective on Global Measles Epidemiology and Control and the Role of Novel
Vaccination Strategies. Viruses 2017, 9, 11. [CrossRef] [PubMed]

Patel, M.K.; Antoni, S.; Nedelec, Y.; Sodha, S.; Menning, L.; Ogbuanu, I.U.; Gacic Dobo, M. The Changing Global Epidemiology of
Measles, 2013-2018. |. Infect. Dis. 2020, 222, 1117-1128. [CrossRef]

Beaty, S.; Lee, B. Constraints on the Genetic and Antigenic Variability of Measles Virus. Viruses 2016, 8, 109. [CrossRef] [PubMed]
Rota, P.A.; Brown, K.; Mankertz, A.; Santibanez, S.; Shulga, S.; Muller, C.P,; Hiibschen, ].M.; Siqueira, M.; Beirnes, J.; Ahmed,
H.; et al. Global Distribution of Measles Genotypes and Measles Molecular Epidemiology. J. Infect. Dis. 2011, 204, S514-S523.
[CrossRef] [PubMed]

Kalaycioglu, A.T.; Yolbakan, S.; Guldemir, D.; Korukluoglu, G.; Coskun, A.; Cosgun, Y.; Durmaz, R. Towards Measles Elimination:
Phylogenetic Analysis of Measles Viruses in Turkey (2012-2013) and Identification of Genotype D8: Molecular Characterisation
of Measles Viruses. J. Med. Virol. 2016, 88, 1867-1873. [CrossRef]

Magurano, F.; Baggieri, M.; Filia, A.; Del Manso, M.; Lazzarotto, T.; Amendola, A.; D’Agaro, P.; Chironna, M.; Ansaldi, F,;
Iannazzo, S.; et al. Towards Measles Elimination in Italy: Virological Surveillance and Genotypes Trend (2013-2015). Virus Res.
2017, 236, 24-29. [CrossRef]

Bankamp, B.; Kim, G.; Hart, D.; Beck, A.; Ben Mamou, M.; Penedos, A.; Zhang, Y.; Evans, R.; Rota, P.A. Global Update on Measles
Molecular Epidemiology. Vaccines 2024, 12, 810. [CrossRef]

Moss, W.J. Measles. Lancet 2017, 390, 2490-2502. [CrossRef] [PubMed]

Brown, K.E.; Rota, P.A.; Goodson, J.L.; Williams, D.; Abernathy, E.; Takeda, M.; Mulders, M.N. Genetic Characterization of
Measles and Rubella Viruses Detected Through Global Measles and Rubella Elimination Surveillance, 2016-2018. MMWR Morb.
Mortal. Wkly. Rep. 2019, 68, 587-591. [CrossRef] [PubMed]

Williams, D.; Penedos, A.; Bankamp, B.; Anderson, R.; Hiibschen, J.; Mamou, M.B.; Beck, B.; Brown, D.; Rey-Benito, G.; Evans, R.;
et al. Update: Circulation of Active Genotypes of Measles Virus and Recommendations for Use of Sequence Analysis to Monitor
Viral Transmission-Mise a Jour Sur La Circulation Des Génotypes Actifs Du Virus Rougeoleux et Recommandations d’utilisation
de l'analyse de Séquence Pour Surveiller La Transmission Virale. Wkly. Epidemiol. Rec. 2022, 97, 485-492.

Riddell, M.A; Rota, ].S.; Rota, P.A. Review of the Temporal and Geographical Distribution of Measles Virus Genotypes in the
Prevaccine and Postvaccine Eras. Virol. |. 2005, 2, 87. [CrossRef]

Ackley, S.E; Hacker, ].K.; Enanoria, W.T.A.; Worden, L.; Blumberg, S.; Porco, T.C.; Zipprich, J. Genotype-Specific Measles
Transmissibility: A Branching Process Analysis. Clin. Infect. Dis. 2018, 66, 1270-1275. [CrossRef]

Rota, P.A.; Moss, W].; Takeda, M.; De Swart, R.L.; Thompson, K.M.; Goodson, ]J.L. Measles. Nat. Rev. Dis. Primer 2016, 2, 16049.
[CrossRef]

Currie, J.; Davies, L.; McCarthy, J.; Perry, M.; Moore, C.; Cottrell, S.; Bowley, M.; Williams, C.; Shankar, A.G.; Stiff, R. Measles
Outbreak Linked to European B3 Outbreaks, Wales, United Kingdom, 2017. Eurosurveillance 2017, 22, 17-00673. [CrossRef]
Zaidi, S.S.Z.; Hameed, A.; Suleman Rana, M.; Alam, M.M.; Umair, M.; Aamir, U.B.; Hussain, M.; Sharif, S.; Shaukat, S.; Angez, M.;
et al. Identification of Measles Virus Genotype B3 Associated with Outbreaks in Islamabad, Pakistan, 2013-2015. J. Infect. Public
Health 2018, 11, 540-545. [CrossRef]

Pogka, V.; Horefti, E.; Evangelidou, M.; Kostaki, E.G.; Paraskevis, D.; Flountzi, A.; Georgakopoulou, T.; Magaziotou, I.; Mentis, A.;
Karamitros, T. Spatiotemporal Distribution and Genetic Characterization of Measles Strains Circulating in Greece during the
2017-2018 Outbreak. Viruses 2020, 12, 1166. [CrossRef]

Nigatu, W.; Jin, L.; Cohen, B.].; Nokes, D.J.; Etana, M.; Cutts, ET.; Brown, D.W.G. Measles Virus Strains Circulating in Ethiopia in
1998-1999: Molecular Characterisation Using Oral Fluid Samples and Identification of a New Genotype. J. Med. Virol. 2001, 65,
373-380. [CrossRef] [PubMed]

Mbugua, EM.; Okoth, FA.; Gray, M.; Kamau, T.; Kalu, A.; Eggers, R.; Borus, P.; Kombich, J.; Langat, A.; Maritim, P.; et al.
Molecular Epidemiology of Measles Virus in Kenya. J. Med. Virol. 2003, 71, 599-604. [CrossRef] [PubMed]

Muwonge, A.; Nanyunja, M.; Rota, P.A.; Bwogi, J.; Lowe, L.; Liffick, S.L.; Bellini, W.J.; Sylvester, S. New Measles Genotype,
Uganda. Emerg. Infect. Dis. 2005, 11, 1522-1526. [CrossRef] [PubMed]

https://doi.org/10.3390/v18020182


https://doi.org/10.1371/journal.pone.0143081
https://doi.org/10.3390/v13101970
https://doi.org/10.3390/v9010011
https://www.ncbi.nlm.nih.gov/pubmed/28106841
https://doi.org/10.1093/infdis/jiaa044
https://doi.org/10.3390/v8040109
https://www.ncbi.nlm.nih.gov/pubmed/27110809
https://doi.org/10.1093/infdis/jir118
https://www.ncbi.nlm.nih.gov/pubmed/21666208
https://doi.org/10.1002/jmv.24548
https://doi.org/10.1016/j.virusres.2017.05.009
https://doi.org/10.3390/vaccines12070810
https://doi.org/10.1016/S0140-6736(17)31463-0
https://www.ncbi.nlm.nih.gov/pubmed/28673424
https://doi.org/10.15585/mmwr.mm6826a3
https://www.ncbi.nlm.nih.gov/pubmed/31269012
https://doi.org/10.1186/1743-422X-2-87
https://doi.org/10.1093/cid/cix974
https://doi.org/10.1038/nrdp.2016.49
https://doi.org/10.2807/1560-7917.ES.2017.22.42.17-00673
https://doi.org/10.1016/j.jiph.2017.10.011
https://doi.org/10.3390/v12101166
https://doi.org/10.1002/jmv.2044
https://www.ncbi.nlm.nih.gov/pubmed/11536247
https://doi.org/10.1002/jmv.10515
https://www.ncbi.nlm.nih.gov/pubmed/14556275
https://doi.org/10.3201/eid1110.050431
https://www.ncbi.nlm.nih.gov/pubmed/16318690
https://doi.org/10.3390/v18020182

Viruses 2026, 18, 182 13 of 14

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Rota, J.; Lowe, L.; Rota, P.; Bellini, W.; Redd, S.; Dayan, G.; Van Binnendijk, R.; Hahné, S.; Tipples, G.; Macey, ].; et al. Identical
Genotype B3 Sequences from Measles Patients in 4 Countries, 2005. Emerg. Infect. Dis. 2006, 12, 1779-1781. [CrossRef]
Baliraine, EN.; Bwogi, J.; Bukenya, H.; Seguya, R.; Kabaliisa, T.; Kisakye, A.; Mbabazi, W.B.; Smit, S.B. Possible Interruption of
Measles Virus Transmission, Uganda, 2006-2009. Emerg. Infect. Dis. 2011, 17, 110-113. [CrossRef]

Kouomou, D.W.; Nerrienet, E.; Mfoupouendoun, J.; Tene, G.; Whittle, H.; Wild, T.F. Measles Virus Strains Circulating in Central
and West Africa: Geographical Distribution of Two B3 Genotypes. |. Med. Virol. 2002, 68, 433—440. [CrossRef]

Kremer, ].R.; Nkwembe, E.; Oyefolu, A.O.B.; Smit, S.B.; Pukuta, E.; Omilabu, S.A.; Adu, ED.; Tamfum, J.-].M.; Muller, C.P. Measles
Virus Strain Diversity, Nigeria and Democratic Republic of the Congo. Emerg. Infect. Dis. 2010, 16, 1724-1730. [CrossRef]
Stanoeva, K.R.; Kohl, R H.G.; Bodewes, R. Co-Detection of the Measles Vaccine and Wild-Type Virus by Real-Time PCR: Public
Health Laboratory Protocol. Access Microbiol. 2021, 3, 000283. [CrossRef]

Rota, P.A.; Featherstone, D.A.; Bellini, W.J. Molecular Epidemiology of Measles Virus. Curr. Top. Microbiol. Immunol. 2009, 330,
129-150. [CrossRef]

Obam Mekanda, F-M.; Monamele, C.G.; Simo Nemg, FB.; Yonga, G.M.; Ouapi, D.; Penlap Beng, V.; Batéjat, C.; Caro, V,;
Manuguerra, J.-C.; Demanou, M. Molecular Characterization of Measles Virus Strains Circulating in Cameroon during the
2013-2016 Epidemics. PLoS ONE 2019, 14, e0222428. [CrossRef] [PubMed]

Faneye, A.O.; Motayo, B.O.; Adeniji, ].A. Molecular Characterization and Evolutionary Dynamics of Measles Virus Sequences
Isolated from Children in Lagos and Ibadan, South Western, Nigeria. J. Infect. Public Health 2020, 13, 309-312. [CrossRef] [PubMed]
Mulders, M.N.; Truong, A.T.; Muller, C.P. Monitoring of Measles Elimination Using Molecular Epidemiology. Vaccine 2001, 19,
2245-2249. [CrossRef] [PubMed]

Kamugisha, C.; Cairns, K.L.; Akim, C. An Outbreak of Measles in Tanzanian Refugee Camps. . Infect. Dis. 2003, 187, S58-562.
[CrossRef]

Mnyika, K.; Akim, C. Epidemiology of Measles in Tanzania: A Hospital-Based Survey of Measles Morbidity and Mortality. East
Afr. |. Public Health 2007, 2, 24-27. [CrossRef]

Goodson, J.L.; Perry, R.T.; Mach, O.; Manyanga, D.; Luman, E.T.; Kitambi, M.; Kibona, M.; Wiesen, E.; Cairns, K.L. Measles
Outbreak in Tanzania, 2006-2007. Vaccine 2010, 28, 5979-5985. [CrossRef]

Rogath Kishimba, R.K. Measles Outbreak in Iringa Municipal: Building the Case for Booster Vaccine in Tanzania, 2011.
In Proceedings of the 4th AFENET Scientific Conference, Dar es Salaam, Tanzania, 11 December 2011. Available on-
line: https:/ /www.researchgate.net/publication/279866893_Measles_Outbreak_in_Iringa_Municipal_Building_the_Case_for_
Booster_Vaccine_in_Tanzania_2011 (accessed on 7 May 2025).

Michael, F.; Mirambo, M.M.; Misinzo, G.; Minzi, O.; Beyanga, M.; Mujuni, D.; Kalabamu, ES.; Nyanda, E.N.; Mwanyika-Sando,
M.; Ndiyo, D.; et al. Trends of Measles in Tanzania: A 5-Year Review of Case-Based Surveillance Data, 2018-2022. Int. J. Infect.
Dis. 2024, 139, 176-182. [CrossRef]

O'Brien, K.L.; Lemango, E.; Nandy, R.; Lindstrand, A. The Immunization Agenda 2030: A Vision of Global Impact, Reaching All,
Grounded in the Realities of a Changing World. Vaccine 2024, 42, S1-54. [CrossRef]

WHO. Manual for the Laboratory-Based Surveillance of Measles, Rubella, and Congenital Rubella Syndrome.
Available  online: https:/ /www.who.int/teams/immunization-vaccines-and-biologicals /immunization-analysis-and-
insights/surveillance/surveillance-for-vpds/laboratory-networks /measles-and-rubella-laboratory-network /manual-for-
the-laboratory-based-surveillance-of-measles-rubella-and-congenital-rubella-syndrome (accessed on 28 May 2025).

Mulders, M.N.; Rota, P.A ; Icenogle, J.P.; Brown, K.E.; Takeda, M.; Rey, G.]J.; Ben Mamou, M.C.; Dosseh, A.R.G.A.; Byabamazima,
C.R,; Ahmed, H.J.; et al. Global Measles and Rubella Laboratory Network Support for Elimination Goals, 2010-2015. MMWR
Morb. Mortal. Wkly. Rep. 2016, 65, 438—442. [CrossRef]

Mick, N. Mulders Measles Real-Time RT-PCR, N Gene (CDC). Available online: https://www.technet-21.org/en/resources/
guidance/annex-b11-measles-real-time-rt-pcr-n-gene-cdc (accessed on 11 January 2026).

CDC. Rubeola/Measles | CDC Yellow Book 2024. Available online: https://wwwnc.cdc.gov/travel /yellowbook /2024 /infections-
diseases/rubeola-measles (accessed on 21 April 2025).

Van Dam, A.S.G.; Woudenberg, T.; De Melker, H.E.; Wallinga, J.; Hahné, S.J.M. Effect of Vaccination on Severity and Infectiousness
of Measles during an Outbreak in the Netherlands, 2013-2014. Epidemiol. Infect. 2020, 148, e81. [CrossRef]

Helfand, R.F,; Heath, J.L.; Anderson, L.J.; Maes, E.F.; Guris, D.; Bellini, W.J. Diagnosis of Measles with an IgM Capture EIA: The
Optimal Timing of Specimen Collection after Rash Onset. |. Infect. Dis. 1997, 175, 195-199. [CrossRef]

Naniche, D. Human Immunology of Measles Virus Infection. In Measles; Griffin, D.E., Oldstone, M.B.A., Eds.; Current Topics in
Microbiology and Immunology; Springer: Berlin/Heidelberg, Germany, 2009; Volume 330, pp. 151-171. ISBN 978-3-540-70616-8.

https://doi.org/10.3390/v18020182


https://doi.org/10.3201/eid1211.060635
https://doi.org/10.3201/eid1701.100753
https://doi.org/10.1002/jmv.10222
https://doi.org/10.3201/eid1611.100777
https://doi.org/10.1099/acmi.0.000283
https://doi.org/10.1007/978-3-540-70617-5_7
https://doi.org/10.1371/journal.pone.0222428
https://www.ncbi.nlm.nih.gov/pubmed/31553766
https://doi.org/10.1016/j.jiph.2019.07.024
https://www.ncbi.nlm.nih.gov/pubmed/31431423
https://doi.org/10.1016/S0264-410X(00)00453-9
https://www.ncbi.nlm.nih.gov/pubmed/11257341
https://doi.org/10.1086/368057
https://doi.org/10.4314/eajph.v2i2.38960
https://doi.org/10.1016/j.vaccine.2010.06.110
https://www.researchgate.net/publication/279866893_Measles_Outbreak_in_Iringa_Municipal_Building_the_Case_for_Booster_Vaccine_in_Tanzania_2011
https://www.researchgate.net/publication/279866893_Measles_Outbreak_in_Iringa_Municipal_Building_the_Case_for_Booster_Vaccine_in_Tanzania_2011
https://doi.org/10.1016/j.ijid.2023.12.007
https://doi.org/10.1016/j.vaccine.2022.02.073
https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-insights/surveillance/surveillance-for-vpds/laboratory-networks/measles-and-rubella-laboratory-network/manual-for-the-laboratory-based-surveillance-of-measles-rubella-and-congenital-rubella-syndrome
https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-insights/surveillance/surveillance-for-vpds/laboratory-networks/measles-and-rubella-laboratory-network/manual-for-the-laboratory-based-surveillance-of-measles-rubella-and-congenital-rubella-syndrome
https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-insights/surveillance/surveillance-for-vpds/laboratory-networks/measles-and-rubella-laboratory-network/manual-for-the-laboratory-based-surveillance-of-measles-rubella-and-congenital-rubella-syndrome
https://doi.org/10.15585/mmwr.mm6517a3
https://www.technet-21.org/en/resources/guidance/annex-b11-measles-real-time-rt-pcr-n-gene-cdc
https://www.technet-21.org/en/resources/guidance/annex-b11-measles-real-time-rt-pcr-n-gene-cdc
https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/rubeola-measles
https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/rubeola-measles
https://doi.org/10.1017/S0950268820000692
https://doi.org/10.1093/infdis/175.1.195
https://doi.org/10.3390/v18020182

Viruses 2026, 18, 182 14 of 14

47. Cui, A,; Mao, N.; Wang, H.; Xu, S.; Zhu, Z.; Ji, Y,; Ren, L.; Gao, L.; Zhang, Y.; Xu, W. Importance of Real-Time RT-PCR to
Supplement the Laboratory Diagnosis in the Measles Elimination Program in China. PLoS ONE 2018, 13, e0208161. [CrossRef]

48. El Mubarak, H.S,; Yiiksel, S.; Van Amerongen, G.; Mulder, P.G.H.; Mukhtar, M.M.; Osterhaus, A.D.M.E.; De Swart, R.L. Infection
of Cynomolgus Macaques (Macaca fascicularis) and Rhesus Macaques (Macaca mulatta) with Different Wild-Type Measles Viruses.
J. Gen. Virol. 2007, 88, 2028-2034. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/v18020182


https://doi.org/10.1371/journal.pone.0208161
https://doi.org/10.1099/vir.0.82804-0
https://doi.org/10.3390/v18020182

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population and Clinical Samples 
	Detection of Measles Immunoglobulin M (IgM) Antibodies 
	RNA Extraction, Reverse-Transcription Quantitative Real-Time PCR (RT-qPCR) Detection, and Reverse-Transcription Real-Time PCR (RT-PCR) Amplification of the MeV N450 Region 
	Measles Genotyping 
	Data Analysis and Phylogenetic Analysis 
	Ethical Considerations 

	Results 
	Demographic Characteristics of Measles Cases 
	Factors Associated with RT-qPCR Positivity 
	MeV Genotypes Identified During Outbreaks 
	Geographical Distribution of Measles Genotypes in Tanzania 

	Discussion 
	Conclusions 
	References

