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Contagion comeback: unravelling the measles outbreak across the USA
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Measles, a highly contagious respiratory illness caused by the measles virus (MeV), poses significant global and national public health challenges despite advancements in vaccination efforts. Though measles was declared eliminated in the United States in 2000, recent years have seen a resurgence of cases, particularly in under-vaccinated communities. This resurgence is compounded by factors such as vaccine hesitancy, the impact of the COVID-19 pandemic on immunization rates, and international travel introducing new cases from endemic regions. This paper examines the epidemiology and recent measles outbreaks in the United States, focusing on the significant rise in cases from 2020 to 2024. The analysis highlights the importance of maintaining high vaccination coverage, particularly in vulnerable populations, and explores the challenges of managing outbreaks. The study also reviews the pathophysiology, clinical presentation, diagnosis, and treatment of measles, emphasizing the role of prevention and control measures, including the MMR vaccine, public health interventions, and international cooperation in addressing this persistent threat.
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Introduction

Measles, a highly contagious respiratory illness, spreads primarily through airborne droplets released when an infected person coughs, sneezes, or through contact with contaminated surfaces. After exposure, symptoms usually develop within 10 to 14 days (1). Although measles was declared eliminated in the United States in 2000, the country continues to face challenges due to cases imported from other regions. This issue came to the forefront in 2019 when two significant outbreaks occurred in under-vaccinated communities in New York City, threatening the nation’s measles elimination status (2). Despite the efforts to maintain high vaccination rates, these outbreaks highlighted the ongoing risk posed by gaps in vaccine coverage.


Etiology

Measles is caused by the measles virus (MeV), which belongs to the family Paramyxoviridae. MeV is a single-stranded RNA virus with a spherical shape coated with an envelope composed of structural proteins. It contains eight proteins, six structural, including hemagglutinin, fusion, nucleocapsid, matrix, phosphoprotein, and large protein. The hemagglutinin protein binds the virus to the host cell receptor (CD46). The fusion protein facilitates the viral envelope’s attachment to the host cell membrane and their neighboring cell, forming a multinucleated cell (3). Initially, the virus inhaled from airborne droplets or fine aerosols first targets dendritic cells, lymphocytes, and alveolar macrophages in the respiratory tract of a susceptible host. The virus initially reproduces in the epithelial cells of the respiratory tract, followed by dissemination to the local and other lymphatic sites through the bloodstream (4).



Signs and symptoms

The incubation period for measles ranges from 7 to 21 days, with an average of 13 days (5). Measles infection occurs in two phases: prodromal and exanthematous. The prodromal phase begins 10 to 12 days after exposure, presenting with fever above 101°F, malaise, anorexia, coryza, conjunctivitis, cough, and Koplik’s spots (small white lesions on the buccal mucosa). Koplik’s spots appear in 60–70% of patients and typically last 12–72 h. The exanthematous phase follows, characterized by a red, bumpy rash that gradually coalesces and then turns coppery brown before scaling. The rash appears in a craniocaudal pattern, progressing and disappearing similarly (4, 6).



Diagnosis

Differentiating measles from other conditions like rubella, roseola, chickenpox, erythema infectiosum (parvovirus B19) and scarlet fever is crucial. Diagnosis is confirmed by detecting IgM antibodies in serum or plasma specific to the measles virus. These antibodies are a susceptible and specific test for detecting measles and typically peak four days after the onset of the rash (7). Antigen-specific IgG antibody synthesis occurs swiftly after IgM production and typically lasts for an extended time, often throughout the individual’s life. As a result, serological detection of IgM or IgM plus IgG suggests current contact with the pathogen. Still, just IgG indicates infection at an uncertain time in the past. Because most persons in the United States have been immunized and are immune to measles, IgM is typically found in isolated cases. Without contact with a known case, detecting IgM alone is likely to be false positive reactivity rather than actual measles infection (8). RT-PCR (reverse transcriptase polymerase chain reaction) is also helpful for detecting the virus in blood, urine, nasopharyngeal, throat, or nasal samples before the appearance of IgM antibodies in serum. Moreover, it enables the genotyping of the measles virus, which is valuable for monitoring the importation and transmission of the virus (4, 7).



Treatment

There is no specific antiviral treatment for measles; however, the MMR (measles, mumps, and rubella) vaccine remains the most effective preventive measure. The recommended age for children for vaccination is 12 months to 12 years. Post-exposure prophylaxis (PEP) with the MMR vaccine is strongly recommended for individuals with unknown vaccination status or those known to be unvaccinated. The window period for PEP is 72 h (9).



Prevention and control

Inadequate vaccination is a primary cause of measles outbreaks in the United States. To combat this, it is crucial to ensure over 95% vaccination coverage with both doses of the measles vaccine, including catch-up vaccinations for those who missed earlier doses. Travelers entering and leaving the U.S. should be up-to-date with MMR vaccinations. Not vaccinated travelers should reconsider travel to regions with endemic measles or implement extra preventive measures when undertaking such travel. High-quality surveillance is necessary to quickly identify, report, and isolate potential cases in environmentally isolated rooms until the infectious period ends. Healthcare workers treating suspected measles cases are at an increased risk of infection. Therefore, using N-95 respirators, gloves, and pre-exposure prophylaxis is recommended.

The following recommendations are advised for patients exposed to measles without immunity based on clinical circumstances: In pediatric patients, immune globulin should be administered to infants aged 0–5 months within six days of exposure to measles. For infants aged 6–11 months, either immune globulin within six days or the measles vaccine within 72 h is recommended. Unvaccinated children over 12 months should receive the measles vaccine within 72 h of exposure, with the vaccine being preferred over immune globulin (10).

Pregnant women without immunity should receive immune globulin since the MMR vaccine is contraindicated during pregnancy. Immunocompromised patients should be administered immune globulin regardless of their immune or vaccination status. Healthcare workers who are unvaccinated and without laboratory evidence of immunity or confirmed disease should receive two doses of the measles vaccine. In cases of exposure, healthcare workers without immunity should be isolated from the workplace from day 5 to day 21 post-exposure to prevent the spread of the disease (11).

Public awareness should be raised about the potential complications of measles and the benefits of vaccination, particularly to counteract misinformation that incorrectly links the MMR vaccine to autism (12).



Epidemiology and outbreak of measles in the USA

Measles cases have dramatically increased recently, with over 500,000 cases reported to the World Health Organization (WHO) in 2019 (13). Beginning in late 2018, two closely related outbreaks were reported within Orthodox Jewish communities in New York City (14). These outbreaks highlighted the ongoing risk posed by under-vaccinated communities and raised concerns about the United States’ measles elimination status.

From 2021 to 2022, 170 measles cases were reported, with 133 cases (78%) linked to distinct outbreaks. Of these, 47 cases (96%) in 2021 occurred among Afghan evacuees temporarily housed at U.S. military bases during Operation Allies Welcome. In 2022, 86 cases (71%) were associated with an outbreak in central Ohio (2). However, only a single outbreak, reported in Chicago in 2024, has been directly linked to a migrant facility at the U.S. southern border (15).

These events emphasize the potential for isolated importations contributing to localized outbreaks in vulnerable settings.

From January 1, 2020, to March 28, 2024, 338 measles cases were reported in the U.S., with 97 cases during the most recent outbreak in the first quarter of 2024 (Figure 1). Nearly all these cases involved individuals who were either unvaccinated or had unknown vaccination statuses. Despite these outbreaks, as of the end of 2023, the U.S. maintained its measles elimination status. The global rise in measles incidence and decreasing vaccination coverage have heightened the risk of importation into U.S. communities, as observed in the first quarter of 2024 (16).
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FIGURE 1
 Confirmed measles cases by month of rash onset (N = 338) — United States, January 1, 2020–March 28, 2024. Data provided by the Center for Disease Control and Prevention (CDC) (2).


As of November 21, 2024, a total of 280 measles cases had been reported in 32 states: Arizona, California, District of Columbia, Florida, Georgia, Idaho, Illinois, Indiana, Louisiana, Maryland, Massachusetts, Michigan, Minnesota, Missouri, New Hampshire, New Jersey, New Mexico, New York City, New York State, North Carolina, Ohio, Oklahoma, Oregon, Pennsylvania, South Carolina, South Dakota (17).

In 2024, 16 measles outbreaks are reported, accounting for 70% (197 of 280) of all cases this year. This represents a huge increase from 2023, when just 4 outbreaks were reported, with 49% (29 out of 59) of outbreaks-related cases (Figure 2). Similar to previous years, most cases in 2024 occurred among unvaccinated individuals under 20 years old, shelter residents, or those linked to importations (2).
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FIGURE 2
 Weekly measles cases 2023–2024, data provided by Center for Disease Control and Prevention (CDC) (17).




Challenges encountered

Managing measles outbreaks in the U.S. faces several key challenges. Vaccine hesitancy, often fueled by misinformation about vaccine safety, has made specific communities particularly vulnerable to outbreaks. The COVID-19 pandemic caused significant disruptions in global immunization and disease surveillance efforts. With immunization services being suspended and vaccination rates dropping worldwide, millions of children were left vulnerable to preventable diseases, such as measles. These setbacks have increased the risk of outbreaks and undermined progress in controlling vaccine-preventable illnesses. Additionally, international travel continues introducing measles cases into the U.S., particularly from regions where the disease remains endemic. This global resurgence and the strain on public health resources needed to contain outbreaks complicate efforts to manage the disease. Legal and policy barriers, such as non-medical exemptions for vaccinations in some states, hinder efforts to maintain high vaccination rates (18).

In addressing these challenges, it is essential to prioritize sensitive and robust disease surveillance systems capable of detecting and responding to cases promptly. Effective communication with public health authorities is critical to facilitate timely case investigations, identify potential transmission chains, and implement appropriate interventions. Additionally, it requires a comprehensive approach, including public education, stricter vaccination policies, and improved healthcare access to prevent and quickly contain outbreaks (19).



Global outbreak

Measles remains a global health problem, especially in Europe and developing countries. Nearly 95,000 measles cases were reported worldwide in 2024, with projections indicating the total number could match or exceed the previous year’s figures. On January 19, 2024, the UK Health and Security Agency declared a national incident in response to the escalating measles cases nationwide, cautioning that the disease could further spread. Despite the UK achieving measles elimination status in 2021, since October 2023, there have been 216 confirmed cases and 103 probable cases, primarily affecting children under 10 in the West Midlands. Between January and October 2023, over 30,000 cases were reported in the WHO European region. Outbreaks are also ongoing in Yemen (25,216 cases), India (14,927 cases), Kazakhstan (12,985 cases), and Ethiopia (11,227 cases) with provisional data from early December 2023 indicating thousands of cases in each of these countries (20, 21).




Conclusion

Measles continues to be a significant global public health concern in the United States despite previous progress toward its elimination. The recent increase in measles cases, particularly among under-vaccinated populations, underscores the need for sustained efforts to maintain high vaccination coverage and address the challenges posed by vaccine hesitancy and global health disruptions. Effective management of measles outbreaks requires a multifaceted approach, including robust vaccination programs, public education, improved surveillance, and international collaboration. The resurgence of measles serves as a reminder of the importance of vigilance in public health practices and the ongoing need to protect vulnerable populations from vaccine-preventable diseases.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

IT: Formal analysis, Visualization, Conceptualization, Investigation, Methodology, Resources, Writing – original draft. VijK: Investigation, Methodology, Resources, Writing – original draft, Data curation, Validation. HF: Data curation, Investigation, Methodology, Resources, Writing – original draft, Project administration, Software. AG: Data curation, Investigation, Methodology, Project administration, Resources, Writing – original draft, Formal analysis. VinK: Data curation, Formal analysis, Investigation, Methodology, Project administration, Writing – original draft, Visualization. HT: Data curation, Formal analysis, Investigation, Methodology, Project administration, Visualization, Writing – original draft, Software. MH: Formal analysis, Visualization, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Williams, R. What to know about Measles outbreaks in the U.S scientific american scientific american; (2024). Available at: https://www.scientificamerican.com/article/what-to-know-about-measles-outbreaks-in-the-u-s/

 2. Mathis, AD. Measles—United States, January 1, 2020-march 28, 2024. Morb Mortal Wkly Rep. (2024) 73:295–300. doi: 10.15585/mmwr.mm7314a1 

 3. Duke, T, and Mgone, CS. Measles: not just another viral exanthem. Lancet. (2003) 361:763–73. doi: 10.1016/S0140-6736(03)12661-X

 4. Leung, AK, Hon, KL, Leong, KF, and Sergi, CM. Measles: a disease often forgotten but not gone. Hong Kong Med J. (2018) 24:512–20. doi: 10.12809/hkmj187470 

 5. de Vries, RD, Mesman, AW, Geijtenbeek, TB, Duprex, WP, and de Swart, RL. The pathogenesis of measles. Curr Opin Virol. (2012) 2:248–55. doi: 10.1016/j.coviro.2012.03.005

 6. Battegay, R, Itin, C, and Itin, P. Dermatological signs and symptoms of measles: a prospective case series and comparison with the literature. Dermatology. (2012) 224:1–4. doi: 10.1159/000335091 

 7. Strebel, PM, and Orenstein, WA. Measles. N Engl J Med. (2019) 381:349–57. doi: 10.1056/NEJMcp1905181

 8. Carson, KJ, Tucker, HR, Howard, K, Hales, M, Bryant, PW, St George, K , et al. Evaluation of measles IgM antibody detection assays during the 2018-2019 outbreak in New York state. Diagn Microbiol Infect Dis. (2022) 104:115741. doi: 10.1016/j.diagmicrobio.2022.115741 

 9. Alves Graber, EM, Andrade, FJ Jr, Bost, W, and Gibbs, MA. An update and review of Measles for emergency physicians. J Emerg Med. (2020) 58:610–5. doi: 10.1016/j.jemermed.2020.02.007 

 10. Krawiec, C, and Hinson, JW. StatPearls StatPearls Publishing (2023). Available at: https://www.statpearls.com/pharmacist/ce/activity/112321/?specialty=specialty

 11. Jeimy, S, Hildebrand, KJ, and Vohra-Miller, S. Measles vaccination. Measles vaccination CMAJ. (2024) 196:E525. doi: 10.1503/cmaj.240371 

 12. Huiming, Y, Chaomin, W, and Meng, M. Vitamin a for treating measles in children. Cochrane Database Syst Rev. (2005) 2005:Cd001479. doi: 10.1002/14651858.CD001479.pub2

 13. Patel, M, Lee, AD, Clemmons, NS, Redd, SB, Poser, S, Blog, D , et al. National Update on Measles cases and outbreaks—United States, January 1-October 1, 2019. MMWR Morb Mortal Wkly Rep. (2019) 68:893–6. doi: 10.15585/mmwr.mm6840e2 

 14. Probert, WS, Glenn-Finer, R, Espinosa, A, Yen, C, Stockman, L, Harriman, K , et al. Molecular epidemiology of Measles in California, United States-2019. J Infect Dis. (2021) 224:1015–23. doi: 10.1093/infdis/jiab059 

 15. Gressick, K, Nham, A, Filardo, TD, Anderson, K, Black, SR, Boss, K , et al. Measles outbreak associated with a migrant shelter. Chicago, Illinois. CDC (Center for disease and prevention control)-Morbidity and Mortality Weekly Report (MMWR) (2024).

 16. Committee on Infectious Diseases AAoP. Measles In: DW Kimberlin, R Banerjee, ED Barnett, R Lynfield, and MH Sawyer, editors. Red book: 2024–2027 report of the committee on infectious diseases : American Academy of Pediatrics (2024). Available at: https://publications.aap.org/redbook/book/755/Red-Book-2024-2027-Report-of-the-Committee-on

 17. CDC. Measles cases and outbreaks: CDC; (2024). Available at: https://www.cdc.gov/measles/data-research/index.html#cdc_data_surveillance_section_4-measles-cases-in-2024

 18. Minta, AA, Ferrari, M, Antoni, S, Portnoy, A, Sbarra, A, Lambert, B , et al. Progress toward Measles elimination—worldwide, 2000-2022. MMWR Morb Mortal Wkly Rep. (2023) 72:1262–8. doi: 10.15585/mmwr.mm7246a3 

 19. Oraganization WH. Measles: WHO; (2024). Available at: https://www.who.int/news-room/fact-sheets/detail/measles

 20. Katherine, D. C. Global measles cases nearly doubled in one year, researchers say CNN HEALTH: CNN; (2024). Available at: https://edition.cnn.com/2024/04/27/health/global-measles-cases/index.html

 21. eClinicalMedicine. Concerning global rise in measles cases. EClinicalMedicine. (2024) 68:102502. doi: 10.1016/j.eclinm.2024.102502 


Copyright
 © 2024 Tahir, Kumar, Faisal, Gill, Kumari, Tahir and Haque. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Contagion comeback: unravelling the measles outbreak across the USA



		Introduction



		Etiology



		Signs and symptoms



		Diagnosis



		Treatment



		Prevention and control



		Epidemiology and outbreak of measles in the USA



		Challenges encountered



		Global outbreak









		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1491927-g001.jpg
No. of confirmed measles cases

o

Jan Mar May Jul
2020

Sep Nov Jan Mar May Jul
| 2021

T
Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar
| 2022 | 2023 | 2024

Month and year of rash onset






OPS/images/fpubh-12-1491927-g002.jpg
N

o

‘We
leek
Start Date

&\s’\—,,ﬁ"'h

.\\ﬂ'@






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Contagion comeback: unravelling
the measles outbreak across the
USA












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






