
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

N61

Rev Panam Salud Publica 48, 2024 | https://journal.paho.org | https://doi.org/10.26633/RPSP.2024.104 1

Special report

Molecular epidemiology of rubella during the pre- and 
post-elimination eras in the Americas

Min-hsin Chen,1 R. Suzanne Beard,1 Joanne Hiebert,2 and Gloria Rey-Benito3

Suggested citation Chen M, Beard RS, Hiebert J, Rey-Benito G. Molecular epidemiology of rubella in the Americas in the pre- and post-elimination 
eras in the Americas. Rev Panam Salud Publica. 2024;48:e104. https://doi.org/10.26633/RPSP.2024.104

1 Viral Vaccine Preventable Diseases Branch, National Center for Immunization 
& Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, 
United States of America.  Min-hsin Chen, zvp8@cdc.gov

2 Viral Diseases Division, National Microbiology Laboratory Branch, Public 
Health Agency of Canada, JC Wilt Infectious Diseases Research Centre, Winni-
peg, Canada.

3 Pan American Health Organization/World Health Organization, Washington, 
DC, United States of America.

ABSTRACT Since the last case of indigenous rubella virus (RuV) was detected in 2009 in the Region of the Americas, 
sporadic rubella and congenital rubella cases have been confirmed, and subsequently, a low number of 
associated sequences have been reported. Fifty-one sequences of wild-type RuV, representing four gen-
otypes (1E, 1G, 1J, and 2B), were reported from five countries, with confirmed sources of exposure for 46 
cases. Phylogenetic analysis revealed the diversity of these viruses, showing no associations with sustained 
endemic transmission from previously endemic strains. Notably, 13 sequences were associated with travel 
from countries where no genetic information of wild-type viruses was available. In addition to sequences from 
postnatal and congenital infections, 23 sequences were collected from patients with diseases associated 
with RuV persistent infection. These findings highlight the Region’s success in maintaining rubella elimination, 
emphasize its valuable contribution to global RuV molecular epidemiology, and address potential challenges 
in progressing toward the goal of rubella eradication.
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Strong immunization programs and effective surveillance are 
important for the prevention and control of infectious diseases. 
One such infectious disease is rubella. Rubella virus (RuV) is 
an enveloped virus with a single-stranded positive sense RNA 
genome, approximately 9760 nucleotides in length, in the genus 
Rubivirus of the Matonaviridae family (1). Postnatal RuV infec-
tion is usually associated with mild symptoms such as febrile 
illness with skin rashes, approximately 50% of which can be 
subclinical. RuV infection in pregnancy can lead to severe 
damage to developing fetal organs, causing congenital rubella 
syndrome (CRS) typically early in gestation. In addition to CRS, 
persistent RuV infection can also occur postnatally, contributing 
to a spectrum of clinical manifestations, including encephalitis, 
Fuchs uveitis, arthritis, and granulomas (2-6).

For rubella, a single dose of vaccine offers long-lasting 
immunity (1), and a second dose is highly recommended to 
improve herd immunity and prevent CRS (7). Most Member 

States in the Region of the Americas adopted the trivalent 
measles-mumps-rubella (MMR) vaccine in the 2000s, with 
support from the Pan American Health Organization (PAHO) 
(https://www.paho.org/en/topics/rubella). Through the 
implementation of recommended surveillance and immuniza-
tion strategies, in 2015 the Region of the Americas became the 
first World Health Organization (WHO) region to achieve the 
elimination of rubella and CRS (8). The maintenance of rubella 
elimination was re-verified by the WHO Regional Verification 
Committee in 2022 and 2023 (9, 10). Currently, the global vision 
in the 2021 to 2030 Measles and Rubella Strategic Framework 
is to work toward “a world free from measles and rubella” by 
achieving and sustaining the regional measles and rubella elim-
ination goals (11).

To support global RuV virologic surveillance, in 2004 
the WHO established a standard nomenclature based on  
739 nucleotide sequences (nts) from 8731 nts to 9469 nts in 

https://journal.paho.org
https://doi.org/10.26633/RPSP.2024.104
https://journal.paho.org
https://doi.org/10.26633/RPSP.2024.104
mailto:zvp8@cdc.gov
https://creativecommons.org/licenses/by-nc-nd/3.0/igo/legalcode
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://www.paho.org/en/topics/rubella


Special report Chen et al. • Molecular epidemiology of rubella in the Americas

2 Rev Panam Salud Publica 48, 2024 | https://journal.paho.org | https://doi.org/10.26633/RPSP.2024.104

the E1 gene of RuV (12, 13). This window provided consistent 
phylogeny of reference viruses with high-clade credibility 
values, similar to the full-length sequences of the structural 
protein coding region (13). Phylogenetic analysis of wild-type 
and vaccine strains of RuVs using this genotyping window 
revealed two distinct groups, designated as clade 1 and  
clade 2. These groups differ by 8% to 10% at the nucleotide 
level. Clades 1 and 2 can be further subdivided into nine  
(1B-1J) and three (2A-2C) recognized genotypes, respectively, 
and each genotype is named alphabetically. Clade 1 also con-
tains a provisional genotype 1a, which comprises RA27/3, the 
RuV component in the MMR vaccine. Genotype 1a also includes 
“old-world” strains that were circulating before the 1980s  
(12, 14). Due to the decreased genetic diversity of wild-type 
RuV in recent years, a systematic method has been estab-
lished to subdivide the three dominant circulating genotypes 
to increase phylogenetic resolution to support the investiga-
tion of transmission pathways and identify the source(s) of  
exposure (15).

Laboratories within the Global Measles and Rubella Labora-
tory Network are encouraged to submit sequences from rubella 
and CRS cases to the WHO Rubella Nucleotide Surveillance 
(RubeNS2) system, initiated in 2005 and maintained by the UK 
Health Security Agency (16). As of 1 November 2023, there have 
been 5 934 sequences submitted to RubeNS2 by 50 network lab-
oratories worldwide.

Virologic surveillance data in the Americas played a cru-
cial role in supporting the verification of rubella elimination. 
Before the confirmation of rubella elimination in 2015, three 
large-scale outbreaks occurred in the Americas. The first 
epidemic spanned from 1962 to 1965 in the United States, 
resulting in approximately 12.5 million cases and 20 000 CRS 
cases (1). The second outbreak took place in Chile and Peru 
from 2002 to 2005 with 1 735 cases caused by genotype 1C 
viruses (17). The third outbreak took place from 2006 to 2008 
and was attributed to viruses of genotype 2B. This outbreak 
led to more than 13 000 rubella cases in Argentina, Brazil, and 
Chile, and 27 CRS cases reported by Argentina and Brazil (17). 
The last cases of endemic rubella and CRS in the Americas 
were reported in 2009 (https://www.paho.org/en/topics/
rubella). There has been no evidence of more than 12 months 
of continuous endemic transmission of rubella since 2010. 
Therefore, the post-elimination era is defined as starting in 
2010 and continuing to the present in this report, even though 
Regional rubella elimination was officially declared in 2015. 
With rubella elimination from the Americas nearly 9 years 
ago, this report documents virologic surveillance in both pre- 
and post-elimination settings in the Region. Additionally, it 
addresses the challenges that the global community may face 
when considering rubella eradication (18).

METHODS

Data sources

RuV sequences were obtained from the US National Insti-
tutes of Health’s genetic sequence database, GenBank (www.
ncbi.nlm.nih.gov/genbank/) and from the WHO Rubella 
Virus Nucleotide Surveillance database, RubeNS2 (https://
who-gmrln.org/rubens2). All of the sequences reported to 
RubeNS2 are also available in GenBank, except for one: RVs/

Cartagena.COL/31.12. Permission to use RVs/Cartagena.
COL/31.12 was authorized by the National Institute of Health 
of Colombia, and permission to analyze and assign lineages 
to the sequences in the RubeNS2 database was granted by 
the steering committee. Sequences originating from vaccine 
viruses or laboratory strains, including recombinant viruses, 
were excluded from the dataset. The inclusion criterion for 
this report was limited to sequences that covered the complete 
genotyping window. In instances where multiple sequences 
were available from a single case, only a singular sequence 
was chosen for analysis.

The epidemiologic information, e.g., country of exposure, is 
included as one of the data elements associated with the case 
reported to the US Centers for Disease Control and Preven-
tion (19). In Canada, epidemiological information for rubella 
cases is collected by the Canadian measles/rubella surveillance  
system (https://www.canada.ca/en/public-health/services/ 
surveillance.html#a5) (20). Some of the cases included in this 
analysis have been described elsewhere (4, 21, 22). For sequences 
from other countries, the sources of exposure and diseases asso-
ciated with RuV infection were collected from GenBank and/
or RubeNS2.

Phylogenetic analyses and lineage assignment

Sequence alignment and phylogenetic analysis were performed 
using Molecular Evolutionary Genetics Analysis software, version 
7 (23). The genotypes and/or lineages of sequences were deter-
mined using characterized reference virus sequences defined in 
the previous studies through the neighbor-joining method and 
bootstrap test with 1 000 replicas (15, 24-26).

RESULTS

Sixteen countries in the Americas contributed a total of 228 
RuV sequences with the complete genotyping window to Gen-
Bank and RubeNS2 from 1961 to 2023. Of these sequences, 207 
entries were sourced from GenBank, while 20 were exclusively 
found in RubeNS2.

Molecular epidemiology in the pre-elimination era

From 1961 to 2009, a total of 155 RuV sequences from eight 
genotypes (1a, 1B, 1C, 1D, 1E, 1G, 1J, and 2B) were reported by 
15 countries in the Americas (Table 1). Except for one sequence 
collected from a patient with chronic arthritis, all sequences 
were obtained from cases associated with acute or congenital 
infections. Nineteen sequences collected before 1984 belonged 
to genotype 1a and were exclusively contributed by the United 
States.

From 1984 to 2009, a total of 13 genotype 1a viruses were 
reported in Brazil, Canada, Chile, and the United States. The 
most recent occurrence of wild-type genotype 1a viruses was 
reported by Brazil in 2009. In addition to genotype 1a, 123 
sequences of other genotypes were reported by 15 countries. 
The most frequently detected genotypes during this period 
were 1C (n=42) and 2B (n=46), contributing to large-scale out-
breaks in the Americas from 2002 to 2008. Other genotypes, 
such as 1B (n=2), 1D (n=2), and 1G (n=6) were endemic in spe-
cific countries during this period (17), while a few cases of 1J 
(n= 6) were imported (27).
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TABLE 1. Genotypes and lineages of rubella virus (RuV) detected 
in the countries of the Region of the Americas, by era of detec-
tion,1961 through 2023

Country Genotype (lineage)/yr

1961-2009  
(pre-elimination)

2010-2023 
(post-elimination)

Argentina 1B/98;
2B(L0)/08-09a

Bahamas 1E(L0)/97  
Belize 1C/94
Brazil 1a/99-09;

1G(L0)/03,04;
1J/05;
2B(L0)/06-09a

 

Canada 1a/84, 85d; 1D/87;
1E(L0)/97;
1G(L0)/05b;
2B(L0)/07b

1E(L2)/19;
1G(L1b)/23b;
1J/11,14b;
2B(L1)/11b,13b; 
2B(L2c)/09-18b,c

Chile 1a/99
1C/05a;
1E(L0)/99;
2B(L0)/07a

2B(L2c)/11b

Colombia   2B(L2c)/12b

Ecuador 1C/99  
El Salvador 1C/02
Guyana 1E(L0)/97  
Honduras 1C/00
Mexico 1C/97 2B(L2c)/12b

Panama 1C/99
Peru 1C/04-05a  
Suriname 1E(L0)/98
United States 1a/61-00; 1B/99; 1C/90-00; 1D/98; 

1E(L0)/97-00b,c; 1E(L1)/08b; 1E(L2)/05b; 
1E(L4)/08;
1G(L1b)/05b, 08; 1G(L2b)/07b;
1J/97-02b,c;
2B(L0)/08-09b; 2B(L2a)/00b, 2B(L2b)/07b,c; 
2B(L2c)/08b

1a/16-20d;
1E(L2)/11-19b,c;
1E(L4)/12-17b,c,d;
1G(L0)/14; 
1G(L1b)/12-17b,c; 
1G(L2a)/10b; 
1J/10b,15b;
2B(L1)/13-18b,c; 
2B(L2a)/11b, 13b; 
2B(L2c)/10-21b,c,d

2C/15d,19d; 
Unclassifiede/19d

aGenotypes related to large-scale outbreaks.
bKnown or likely importation(s) from other countries.
cSource of exposure for some sequences was not identified.
dRuV persistent infection.
eUnclassified; not closely related to any of the recognized genotypes.
Source: Prepared by the authors using data from GenBank and RubeNS2.

Viruses of genotype 1E with four lineages were found during 
1984 to 2009: L0 (n=16), L1 (n=1), L2 (n=1), and L4 (n=1). Cases 
associated with 1E-L1 and 1E-L2 were known to be imported 
from China and Malaysia, respectively. Except for one impor-
tation from Ukraine, viruses of 1E-L0 were detected in six 
countries in the Americas, and a few were associated with 
small-scale outbreaks or sporadic cases in the United States (27).

Notably, a genotype 2B virus (JN635293) was first detected 
in 2000 in the United States, and was imported from India 
(27). This virus belonged to lineage 2B-L2a (15) and is distinct 
from the virus that caused outbreaks in South America, which 
belonged to 2B-L0 (Table 1; Figure 1).

Molecular epidemiology in the post-elimination era

Between 2010 and 2023, five countries in the Americas 
(Canada, Chile, Colombia, Mexico, and the United States) 
reported 73 sequences representing six genotypes (1a, 1E, 
1G, 1J, 2B, and 2C) (Table 1). Except for the 22 sequences of 
genotypes 1a and 2C from patients with persistent infections, 
the remaining 51 sequences of genotypes 1E, 1G, 1J, and 2B 
were associated with postnatal or congenital infections. Epi-
demiologic investigations were conducted by epidemiology 
staff regarding measles and rubella elimination in each coun-
try to identify the sources of exposure for 46 of the 51 cases; 
sources included countries in the five other WHO Regions 
(Table 2).

Phylogenetic analyses revealed that the viruses detected 
in the Americas in the post-elimination era exhibited diverse 
genetic clusters within each genotype, distinct from the indig-
enous strains circulating in the pre-elimination era (Figure 1). 
The genotype 2B viruses from this period included 2B-L1 (n=7) 
from countries in the West Pacific Region; 2B-L2a (n=2) from 
South Africa and Pakistan; and 2B-L2c (n=23) from countries 
in the five other Regions (Table 2). Viruses of genotype 1G from 
this period were all imported from Africa and comprised 1G-L2a 
(n=1; from Kenya), 1G-L2b (n=1; from Tanzania), and 1G-L1b 
(n=5; from Nigeria). Except for one sequence, the sources of 
exposure for all genotype 1E viruses from the post-elimination 
era are well-documented, and the viruses belong to 1E-L2 (n=5; 
from countries in the Southeast Asian and West Pacific WHO 
Regions and 1E-L4 (n=2 from countries in the Eastern Mediter-
ranean Region).

The phylogenetic analysis of viruses detected in the Americas 
during this period aligns with global RuV molecular epidemi-
ology, as reported by the countries of exposure and/or by other 
countries where viruses from the same origin were detected 
(Table 2). In the United States, two viruses imported from China 
were identified, and their lineages were consistent with the 
documented RuV molecular epidemiology in China during the 
same periods (24). Similarly, viruses imported from Japan were 
found in the same phylogenetic lineages as those documented 
in the country during the same period (25). On the other hand, 
although genetic data on circulating RuV were not avail-
able from Indonesia, three importations from Indonesia were 
detected in the United States from 2011 to 2014. These viruses 
are in the same phylogenetic lineage as those described among 
travelers from Indonesia to Japan in 2017 (28). Virologic surveil-
lance in the Americas also documented wild-type RuV that had 
not been reported from the countries of exposure. For exam-
ple, 13 sequences were imported from countries (Afghanistan, 
Burundi, Nigeria, Tanzania, and Yemen) where no wild-type 
RuV genotypes are documented (15, 17, 29).

RuV sequences from diseases associated with 
persistent infection

In addition to sequences from routine rubella and CRS 
surveillance, 23 RuV sequences from persistent infections 
were obtained from patients presenting with chronic arthritis 
(n=1), Fuchs uveitis (n=3), and granulomas (n=19), and have 
been reported in Canada and the United States between 1985 
and 2020 (Table 3). The phylogeny of these sequences reveals 
diverse genetic groups. The viruses from patients with 
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Fuchs uveitis were genotypes 2C, 1G (1G-L0), and 1E (1E-
L4). Among the sequences from patients with granulomas, in 
addition to the 17 vaccine-derived sequences (genotype 1a), 
one sequence was found to be genotype 2C and was closely 
related to the sequence from a virus found in a patient with 

Fuchs uveitis. Notably, one of the sequences from a patient 
with granulomas (MT249313) was not closely related to any 
of the recognized genotypes (Figure 2) (5). No rubella cases 
or persistent infection from contacts of these patients were 
reported.

FIGURE 1. Phylogenetic trees of wild-type rubella virus sequences detected in the Region of the Americas
A. Genotype 1E

Note: The phylogenetic analysis of sequences from the Americas with the lineage reference sequences (shaded) of Genotype 1E, Genotype 1G, and Genotype 2B. Trees were rooted with RVi/Pennsylvania.USA/64 (JF727653; highlighted). 
Sequences from 2010-2023 are green squares; sequences before 2010 are red circles; sequences from 2004-2010 in the United States are marked by asterisks. The percentage of replicate trees with values >70%, in which the associated 
lineages clustered together in the bootstrap test (1 000 replicates), is shown next to the node.
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B. Genotype 1G

DISCUSSION

Molecular epidemiology has proven invaluable in the rubella 
elimination program, offering essential evidence when com-
bined with epidemiological data. It aids in identifying endemic 
strains, tracking importations, and documenting the inter-
ruption of endemic virus transmission before elimination. In 
the United States, virologic surveillance played a crucial role 
in supporting rubella elimination, complementing epidemi-
ological evidence (27, 30). Analyzing viruses in the Americas 
by assigning phylogenetic lineages demonstrated the absence 
of sustained transmission of any indigenous strain in the 
post-elimination era, confirming the maintenance of elimina-
tion status (17, 30). Nevertheless, Regional MMR vaccination 
coverage has not achieved the expected goal of 95% in recent 

years (https://www.paho.org/en/immunization/immuniza-
tion-data-and-statistics), and universal administration of the 
rubella-containing vaccine worldwide remains incomplete. 
Wild-type virus continues to circulate in many parts of the 
world, leaving susceptible children at risk (31).

Before elimination, eight of the 13 RuV genotypes were 
detected in the Americas. Shifts in circulating genotypes have 
been observed in the Region since the 1960s (27). Genotype 1a 
was known to be the predominant genotype in the United States 
before 1980 (27). Due to limited genetic information during this 
period, it is conceivable that genotype 1a was prevalent in the 
other parts of the Americas as well. From 2002 to 2009, large 
outbreaks by genotypes 1C (2002-2005) and 2B (2006-2008) 
occurred in multiple countries in the Region of the Americas 
(17). Besides these three genotypes, endemic transmission of 

Note: The phylogenetic analysis of sequences from the Americas with the lineage reference sequences (shaded) of Genotype 1E, Genotype 1G, and Genotype 2B. Trees were rooted with RVi/Pennsylvania.USA/64 (JF727653; highlighted). 
Sequences from 2010-2023 are green squares; sequences before 2010 are red circles; sequences from 2004-2010 in the United States are marked by asterisks. The percentage of replicate trees with values >70%, in which the associated 
lineages clustered together in the bootstrap test (1 000 replicates), is shown next to the node.
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C. Genotype 2B

FJ971762 RVi/BuenosAires.ARG/28.08

FJ971779 RVi/BuenosAires.ARG/45.08/4

FJ971774 RVi/BuenosAires.ARG/42.08/2

FJ971778 RVi/BuenosAires.ARG/45.08/3

FJ971783 RVi/Misiones.ARG/50.08

FJ971780 RVi/BuenosAires.ARG/45.08/5

FJ971777 RVi/BuenosAires.ARG/45.08/2

FJ971769 RVi/BuenosAires.ARG/40.08/5

FJ971776 RVi/BuenosAires.ARG/43.08/4

FJ971763 RVi/BuenosAires.ARG/31.08/2

FJ971764 RVi/BuenosAires.ARG/32.08

FJ971765 RVi/BuenosAires.ARG/36.08/1

FJ971767 RVi/BuenosAires.ARG/36.08/3

FJ971773 RVi/BuenosAires.ARG/41.08/6

FJ971768 RVi/BuenosAires.ARG/36.08/4

FJ971775 RVi/BuenosAires.ARG/42.08/5

FJ971766 RVi/BuenosAires.ARG/38.08/2

FJ971772 RVi/BuenosAires.ARG/41.08/5

JN582037 RVi/BuenosAires.ARG/18.09

FJ971782 Rvi/BuenosAires.ARG/48.08

FJ971761 RVi/BuenosAires.ARG/24.08

JN582036 RVi/BuenosAires.ARG/15.09

JN582035 RVi/BuenosAires.ARG/13.09

FJ971770 RVi/BuenosAires.ARG/41.08/1

FJ971771 RVi/BuenosAires.ARG/41.08/4

FJ971781 RVi/BuenosAires.ARG/46.08

HM212634 RVs/Maranhao.BRA/42.09 CRS

L0 (2006-2008
O

utbreak)GU254251 Rvi/RiodeJaneiro.BRA/49.06

KM267132 RVs/Vinadelmar.CHL/22.07

GU254253 Rvi/Ceara.BRA/13.07

GU254254 RVs/DistritoFederal.BRA/23.08 CRS

KM267131 RVi/San�ago.CHL/19.07 L0

GU254252 RVs/Bahia.BRA/07

HM212633 RVs/Parana.BRA/52.08 CRS

GU353074 RVi/LA.CA.USA/45.08 import India L0*

GU254255 RVs/Para.BRA/29.08

HM212632 RVs/Para.BRA/16.09 CRS

KT369563 RVi/Bangkok.THA/2.11/3 L1

JF911797.2 Rvi/Manitoba.CAN/13.11 import Philippines

KY494427 RVs/Miami.FL.USA/45.16 import Philippines

MK391573 RVi/Houston.TX.USA/17.18 import Philippines

KF792830 RVs/Hawaii.USA/17.13 import Japan L1

KF035054 RVs/Ontario.CAN/14.13 import Japan

KT634050 RVs/FtWorth.TX.USA/34.15 import VietNam

KU714614 RVi/Selangor.MYS/49.14 L1

KJ095592 Rvs/Hanoi.VNM/34.11 L1

KU221503 RVi/Pennsylvania.USA/22.14 import China L1

L1

L0

L2c

L0
L2a

L2b
L3
L4
Outlier

HM212631 RVs/RioGrandedoSul.BRA/33.08 CRS

HM212630 RVs/MinasGerais.BRA/52.08 CRS

GU353072 RVs/Waukesha.WI.USA/15.08 import Mexico*

KJ175079 RVi/Quebec.CAN/15.07 import Egypt

KC618674 RVi/Andhra Pradesh.IND/40.05 L0

GU353075 RVi/Eagan.MN.USA/13.09 import India*

KF029639 RVs/Sousse.TUN/19.11 L2c

KU234544 RVs/Illinois.USA/07.13 CRS import Algeria

965 RVs/Cartagena.COL/31.12 import Spain

JX477662 RVi/NewYorkCity.NY.USA/17.12 import Italy

MH249043 RVs/Houston.TX.USA/39.17 CRS impor Nigeria

JX477661 RVs/Milwaukee.WI.USA/17.12 import India

KX537637 RVs/Brandon.FL.USA/4.16 import India

JX477658 RVi/Faye�eville.AR.USA/22.10 import India L2c

KU234543 RVs/California.USA/13.14 import India

KX537638 RVi/Boston.MA.USA/13.16 import UK

GU174756 RVs/Ontario.CAN/35.09 CRS import Dubai

KM267133.1 RVi/San�ago.CHL/25.11

PP070541 RVs/Ontario.CAN/50.15 import India

PP084101 RVs/LosAngeles.CA.USA/30.19 import China

KU218403 RVs/Kinshasa.COD/42.12 L2c

KT634051 RVs/Texas.USA/29.15 import Burundi

PP070542 RVs/Saskatchewan.CAN/33.18 import Nigeria

JX477659 RVi/Redmond.WA.USA/18.11 import India

GU353073 RVi/ND.USA/23.08 import India*

JX477657 RVi/SanFrancisco.CA.USA/16.10

PP079378 RVs/IN.USA/38.21 import Afghanistan

KT382314 RVi/NewYork.USA/20.15 import Yemen

KY494428 RVs/Chicago.IL.USA/47.16 CRS import Pakistan

MK391572 RVs/Connec�cut.USA/40.18 CRI import Pakistan

KU234542 RVs/California.USA/24.14 import Afghanistan L2c

JX646676 RV/MEX/19.12

MF490287 RVs/New York.USA/15.17 import Pakistan

MH249044 RVs/Sacramento.CA.USA/49.17 CRS import Afghanistan

KC618680 RVi/Tamilnadu.IND/02.06 L0

JN635293 RVi/Sea�le.WA.USA/16.00 import India

JX477660 RVi/Burlington.MA.USA/44.11 import SouthAfrica L2a

KF792831 RVi/Indiana.USA/28.13 import Pakistan L2a

KC618672 RVi/Tamilnadu.IND/20.05 L2b

JQ900442 RVs/Taipei.TWN/18.09/1 L2b

GU353071 RVi/Kalamazoo.MI.USA/4.07 L2b*

JQ900394 RVi/Taipei.TWN/18.10/2 L3

HQ893752 RVs/BinhDuong.VNM/44.09 L3

AY326347 Rvi/Seoul.KOR/96 L4

AY968218 RVi/Anhui.CHN/0.00 L4

DQ975202 Rvi/Tehran.IRN/0.00 outlier

AY968219 Rvi/TelAviv.ISR/0.68 outlier

FJ211587.1 RV/Philadelphia.USA/64
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5
Note: The phylogenetic analysis of sequences from the Americas with the lineage reference sequences (shaded) of Genotype 1E, Genotype 1G, and Genotype 2B. Trees were rooted with RVi/Pennsylvania.USA/64 (JF727653; highlighted). 
Sequences from 2010-2023 are green squares; sequences before 2010 are red circles; sequences from 2004-2010 in the United States are marked by asterisks. The percentage of replicate trees with values >70%, in which the associated 
lineages clustered together in the bootstrap test (1 000 replicates), is shown next to the node.
Source: Prepared by the authors using data from GenBank and RubeNS2.
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TABLE 2. Sequences obtained from rubella and CRS cases during routine surveillance reported by countries in the Region of the 
Americas, 2010-2023

Sequence IDa Virus name Genotype (lineage)b Reporting country Country of exposurec,d Year Diseasee Global RuV virologic surveillancef

JF911797 RVi/Manitoba.CAN/13.11 2B (L1) Canada Philippines 2011 CRS (15, 34)

JN575762 RVs/BritishColumbia.CAN/25.11 1J Canada Unknown 2011

KF035054 RVs/Ontario.CAN/14.13 2B (L1) Canada Japan 2013 (25)

KM051413 RVs/Ontario.CAN/09.14 1J Canada Philippines 2014 (15, 34)

PP070541 RVs/Ontario.CAN/50.15 2B (L2c) Canada India 2015 CRS (35)

PP070542 RVs/Saskatchewan.CAN/33.18 2B (L2c) Canada Nigeriag 2018 CRS

PP070543 RVs/British Columbia.CAN/47.19 1E (L2) Canada Unknown 2019

PP070544 RVs/Saskatchewan.CAN/31.23 1G (L1b) Canada Nigeriag 2023 CRS

KM267133 RVi/Santiago.CHL/25.11 2B (L2c) Chile India 2011 (35)

965 RVs/Cartagena.COL/31.12 2B (L2c) Colombia Spain 2012 (36)

JX646676 RVs/CDMX.MEX/19.12 2B (L2c) Mexico Unknown 2012

JX477653 RVi/Miami.FL.USA/21.10 1J United States Philippines 2010 (15, 34)

JX477654 RVi/Yavapai.AZ.USA/4.10 1G (L2a) United States Kenya 2010 (15)

JX477657 RVi/SanFrancisco.CA.USA/16.10 2B (L2c) United States Unknown 2010

JX477658 RVi/Fayetteville.AR.USA/22.10 2B (L2c) United States India 2010 (15, 35)

JX477651 RVi/Hendersonville.NC.USA/15.11 1E (L2) United States Indonesia 2011 (15, 28)

JX477659 RVi/Redmond.WA.USA/18.11 2B (L2c) United States India 2011 (15, 35)

JX477660 RVi/Burlington.MA.USA/44.11 2B (L2a) United States South Africa 2011 (15)

JX477652 RVi/Indianapolis.IN.USA/4.12 1E (L2) United States Indonesia 2012 (15, 28)

JX477655 RVi/Baltimore.MD.USA/06.12 1G (L2b) United States Tanzaniag 2012 CRS

JX477656 Rvi/Birmingham.AL.USA/11.12 1G (L1b) United States Nigeriag 2012 CRS

JX477661 RVs/Milwaukee.WI.USA/17.12 2B (L2c) United States India 2012 (15)

JX477662 RVi/NewYorkCity.NY.USA/17.12 2B (L2c) United States Italy 2012 GenBank

KC866357 RVs/Chicago.IL.USA/38.12 1E (L4) United States Sudan 2012 CRS GenBank

KF792830 RVs/Hawaii.USA/17.13 2B (L1) United States Japan 2013 (25)

KF792831 RVi/Indiana.USA/28.13 2B (L2a) United States Pakistang 2013

KJ175228 RVi/Buffalo.NY.USA/48.13 1E (L4) United States Yemeng 2013 CRS

KU234544 RVs/Illinois.USA/07.13 2B (L2c) United States Algeria 2013 CRSh RubeNS

KU221503 RVi/Pennsylvania.USA/22.14 2B (L1) United States China 2014 (24, 34)

KU234542 RVs/California.USA/24.14 2B (L2c) United States Unknown 2014

KU234543 RVs/California.USA/13.14 2B (L2c) United States India 2014 (15, 35)

KU234545 RVs/Nebraska.USA/43.14 1E (L2) United States Indonesia 2014 (28)

KT382314 Rvi/NewYork.USA/20.15 2B (L2c) United States Yemeng 2015

KT382315 RVs/Florida.USA/09.15 1J United States Philippines 2015 (34)

KT634050 RVs/FtWorth.TX.USA/34.15 2B (L1) United States Vietnam 2015 (34)

KT634051 RVs/Texas.USA/29.15 2B (L2c) United States Burundig 2015

KX537637 RVs/Brandon.FL.USA/4.16 2B (L2c) United States India 2016 (35)

KX537638 RVi/Boston.MA.USA/13.16 2B (L2c) United States United Kingdom 2016 RubeNS

KY494426 RVi/Baltimore.MD.USA/43.16 1G (L1b) United States Nigeriag 2016 CRS

KY494427 RVs/Miami.FL.USA/45.16 2B (L1) United States Philippines 2016 GenBank

KY494428 RVs/Chicago.IL.USA/47.16 2B (L2c) United States Pakistan 2016 CRS RubeNS

MF490288 RVi/California.USA/37.16 1G (L1b) United States Nigeriag 2016 CRS

MF490286 RVi/Massachutsetts.USA/7.17 1G (L1b) United States Nigeriag 2017 CRS

MF490287 RVs/New York.USA/15.17 2B (L2c) United States Pakistan 2017 RubeNS

MH249043 RVs/Houston.TX.USA/39.17 2B (L2c) United States Nigeriag 2017 CRS

MH249044 RVs/Sacramento.CA.USA/49.17 2B (L2c) United States Afghanistang 2017 CRS

MK391572 RVs/Connecticut.USA/40.18 2B (L2c) United States Pakistan 2018 CRI RubeNS

MK391573 RVi/Houston.TX.USA/17.18 2B (L1) United States Philippines 2018 (34)

PP084100 RVs/NYC.New York.USA/03.19 1E (L2) United States Japan 2019 (34)

PP084101 RVs/LosAngeles.CA.USA/30.19 2B (L2c) United States China 2019 (24)

PP079378 RVs/IN.USA/38.21 2B (L2c) United States Afghanistang 2021

Abbreviations: CRI, congenital rubella infection; CRS, congenital rubella syndrome; RubeNS2, Rubella Nucleotide Surveillance system; RV, rubella virus; RuV, rubella virus.
aPermission to use RVs/Cartagena.COL/31.12, exclusively in RubeNS2, was granted by the National Reference Laboratory, Colombia. All other sequences were available in GenBank.
bLineage was assigned using reference sequences as recommended in previous studies (15, 24-26).
cEpidemiological investigation identified international travel history that would be consistent when the case was likely to have been exposed to rubella virus.
dUnknown: case is known to be imported but the source could not be identified.
eOnly sequences clearly associated with CRS/CRI are denoted; otherwise, the sequences are associated with acquired rubella.
fReports of the genotype (or lineage, as applicable) from the country of exposure or by other countries that reported exposures in the same country.
gGenetic data of wild-type RuV was not available.
hSequence was collected from a cataract extracted from a CRS case born outside of the country.
Source: Prepared by the authors using data from GenBank and RubeNS2.
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viruses of genotypes 1B, 1E, and 1G, likely from importations, 
was also documented in Brazil, the United States, and Canada, 
respectively (17, 27).

From 2010 to 2023, only four genotypes were detected. 
Indigenous strains identified before 2009 were no longer 
found, and none of the importations led to large-scale out-
breaks. Challenges persist, including asymptomatic infection, 
timely specimen collection, low viral load, and insufficient 

TABLE 3. Rubella sequences from cases associated with  
persistent infections

Sequence ID Virus name Genotype 
(lineage)

Disease Source

L16230 RVi/Vancouver. 
CAN/85

1a Chronic  
arthritis

KP982900 RVs/Scranton.
PA.USA/19.13

2C Fuchs uveitis  

KX291007 RVs/SanFrancisco.
CA.USA/49.14

1G (L0) Fuchs uveitis Germany

MK780811 RVs/California.
USA/43.16

1a Granuloma

MK787188 RVi/California. 
USA/43.16

1a Granuloma

MK780808 RVs/Louisiana.
USA/27.17

1a Granuloma

MK780809 RVs/Louisiana.
USA/27.17/2

1a Granuloma

MK780812 RVs/RhodeIsland.
USA/9.17

1a Granuloma

MK787189 RVi/RhodeIsland.
USA/9.17

1a Granuloma

MK787191 RVi/Louisiana. 
USA/27.17

1a Granuloma

PP536671 RVs/Alberta. 
CAN/4.17/GR

1a Granuloma

PP084099 RVs/Maryland. 
USA/6.17

1E (L4) Fuchs uveitis Ethiopia

OM022831 RVi/RhodeIsland.
USA/32.17

1a Granuloma

MK780810 RVs/Oregon. 
USA/05.18

1a Granuloma

MK787190 RVi/Oregon. 
USA/05.18

1a Granuloma

OQ296619 RVs/Marlton.
NJ.USA/33.18

1a Granuloma

OM022832 RVi/RhodeIsland.
USA/7.18

1a Granuloma

OM022830 RVi/California. 
USA/12.18

1a Granuloma

OQ296622 RVs/GreenBay.
WI.USA/44.19

1a Granuloma

OQ296621 RVs/Kenosha.
WI.USA/41.19

2C Granuloma

OQ296620 RVs/Greenfield.
WI.USA/45.19

1a Granuloma

MT249313 RVs/Philadelphia.
PA.USA/46.19

Unclassifieda Granuloma

ON861827 RVi/Oregon. 
USA/49.20

1a Granuloma

aThe sequence presents 10% to 12% difference from any of the sequence in Clade 2 (5).
Source: Prepared by the authors using data from GenBank.

sequence information in some countries, complicating the 
tracking of sources of infections by genetic identity. Addi-
tionally, as elimination programs progress, the anticipated 
inactivity or extinction of recognized genotypes may reduce 
genetic diversity, leading to a loss of useful geographic asso-
ciations (16). A method to subdivide genotypes globally 
has proven to be an invaluable tool for discerning genetic 
differences among viruses, particularly in monitoring RuV 
molecular epidemiology in China, Japan, and Uganda (24-
26). Using this approach, viruses in the Americas appeared 
in diverse genetic groups, consistent with virologic surveil-
lance reported by other countries. Additionally, the Region 
documented sequences from cases with recent travel (during 
the likely exposure period) to countries where genotype data 
have either not been available or have not been updated 
recently.

In addition to sequences from rubella or CRS cases in the 
Americas, a few sequences from cases of persistent RuV 
infection were reported in Canada and the United States. 
Seventeen of 23 sequences were closely related to RA27/3, 
the RuV vaccine strain, and were isolated from patients with 
primary immune deficiencies (4, 6). The phylogeny of one 
of the sequences from a foreign-born patient with persistent 
infection was consistent with the genetic characteristics 
of the virus documented in the patient’s home country (3). 
Interestingly, while there is no documented RuV virologic 
surveillance before 1961, the three sequences from older 
patients, each associated with different diseases related to 
rubella persistent infection, revealed that Clade 2 virus may 
have circulated in the Americas during the 1950s (2). Notably, 
genotype 2C, exclusively detected in Russia (13) was found 
in two of the patients, and one sequence was not closely asso-
ciated with any recognized genotype (5). Although there is 
no evidence of transmission among close contacts of these 
cases, likely due to high immunization coverage in North 
America, the identification of these cases and the broad spec-
trum of diseases associated with rubella persistence highlight 
challenges in the consideration of global RuV eradication 
(18). The development of effective therapeutic antivirals for 
persistent RuV infections (32) and the creation of subunit vac-
cines using modern vaccinology are crucial steps to prevent 
the spread of the virus among unvaccinated/non-immune 
individuals.

Global RuV molecular epidemiology faces numerous chal-
lenges. Obtaining genetic information is hindered by the low 
shedding and high guanine and cytosine nucleotides con-
tent (approximately 70%) in the RNA genome of the virus. 
Despite this, many surveillance efforts overlook collecting 
specimens for genetic characterization, especially during out-
breaks. PAHO recommends collecting serum specimens for 
every suspected measles or rubella case, along with at least 
one specimen for viral detection (33). Between 2010 and 2023, 
RuV sequences were obtained from 51 of 137 confirmed cases, 
with 45 sequences from North America in the past decade 
(https://www.paho.org/en/topics/rubella). Thus, there is 
an urgent need to enhance specimen collection and reporting 
of sequences regionally and globally. This is particularly vital 
in WHO Regions where the RuV vaccine has not been intro-
duced in all countries and/or routine immunization has not 
yet reached 95% across all Member States (WHO Immunization 
Data Portal; https://immunizationdata.who.int/), leading to a 
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FIGURE 2. Phylogenetic tree of sequences associated with diseases by RuV persistent infection

Note: The genetic relationship analysis between the sequences from persistent infection and 32 reference RuV sequences was based on the standard genotyping window and the bootstrap test (1 000 replicates) (23). Bootstrap support 
values >70% are shown at the nodes. Sequences are labeled according to associated diseases, including chronic arthritis (cyan), granuloma (red), or Fuchs uveitis syndrome (green). Distances were computed using the number of 
differences method.
Source: Prepared by the authors using data from GenBank.

high number of reported rubella cases without genetic infor-
mation or with genetic data not captured in RubeNS2 and/or 
GenBank (16).

Conclusions

Virologic surveillance plays a crucial role in verifying the 
sustained maintenance of rubella elimination status in the 

Region of the Americas. Countries in the Americas have made 
a substantial contribution to global RuV molecular epidemiol-
ogy by integrating genetic data with surveillance for imported 
cases, providing crucial information for countries with incom-
plete genetic data of wild-type RuV. The gaps in global RuV 
molecular epidemiology present challenges in tracing infection 
sources during suspected importations and/or chain of trans-
missions. As more countries commit to the goal of rubella and 
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CRS elimination, improving RuV virologic surveillance will be 
essential to providing robust support for global rubella control 
and elimination efforts.
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Características de epidemiología molecular de la rubéola durante las etapas 
anterior y posterior a su eliminación en la Región de las Américas

RESUMEN Desde que en el 2009 se detectara el último caso autóctono de infección por el virus de la rubéola (VRu) 
en la Región de las Américas, se han confirmado casos esporádicos de rubéola y de rubéola congénita y, 
posteriormente, se ha notificado un número reducido de secuencias asociadas a este virus. Se notificaron 51 
secuencias del VRu de tipo salvaje, que correspondían a cuatro genotipos (1E, 1G, 1J y 2B), procedentes de 
cinco países, con orígenes de la exposición confirmados en 46 de los casos. El análisis filogenético reveló la 
diversidad de estos virus y no mostró ninguna asociación con una transmisión endémica sostenida a partir 
de las cepas que antes habían sido endémicas. Es de destacar que 13 secuencias se asociaron a viajes 
procedentes de países en los que no se disponía de información genética sobre los virus de tipo salvaje. 
Además de las secuencias procedentes de infecciones posnatales y congénitas, se recogieron 23 secuen-
cias de pacientes con enfermedades asociadas a la infección persistente por el VRu. Estos resultados ponen 
de relieve el éxito de la Región a la hora de mantener la eliminación de la rubéola, subrayan su valiosa con-
tribución a la información sobre las características de epidemiología molecular mundial del VRu y abordan 
los posibles desafíos a los que es preciso hacer frente para avanzar hacia el objetivo de la erradicación de la 
rubéola.

Palabras clave Virus de la rubeola; epidemiología molecular; genotipo; síndrome de rubéola congénita; erradicación de la 
enfermedad; Américas.

https://journal.paho.org
https://doi.org/10.26633/RPSP.2024.104
https://iris.paho.org/bitstream/handle/10665.2/34932/9789275119976_eng.pdf
https://iris.paho.org/bitstream/handle/10665.2/34932/9789275119976_eng.pdf


Special report Chen et al. • Molecular epidemiology of rubella in the Americas

12 Rev Panam Salud Publica 48, 2024 | https://journal.paho.org | https://doi.org/10.26633/RPSP.2024.104

Epidemiologia molecular da rubéola antes e depois de sua eliminação na 
Região das Américas

RESUMO Desde que o último caso autóctone do vírus da rubéola (RuV) foi detectado em 2009 na Região das Américas, 
houve confirmação de casos esporádicos de rubéola e rubéola congênita e, posteriormente, registrou-se um 
pequeno número de sequências associadas. Foram detectadas 51 sequências de RuV tipo selvagem em 
cinco países, representando quatro genótipos (1E, 1G, 1J e 2B), com fontes confirmadas de exposição em 
46 casos. A análise filogenética revelou a diversidade desses vírus, e não se detectou nenhuma associação 
com a transmissão endêmica sustentada de cepas previamente endêmicas. Vale destacar que 13 sequên-
cias estavam associadas a viagens originadas de países onde não havia informações genéticas disponíveis 
sobre os vírus tipo selvagem. Além das sequências de infecções pós-natais e congênitas, 23 sequências 
foram coletadas de pacientes com doenças associadas a infecção persistente pelo RuV. Esses achados 
destacam o sucesso da Região em manter a eliminação da rubéola, enfatizam sua valiosa contribuição para 
a epidemiologia molecular mundial do RuV e abordam os possíveis desafios no progresso rumo à meta de 
erradicação da rubéola.

Palavras-chave Vírus da rubeola; epidemiologia molecular; genótipo ; síndrome da rubéola congênita; erradicação de 
doenças; América.
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