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In 2024, Oregon reported 31 measles cases in residents of
three counties, the highest case count in Oregon since 1991.
Thirty of these cases were associated with an outbreak in
Clackamas and Marion counties, which included a close-knit
community that did not readily seek health care; all cases
occurred in unvaccinated persons. Illness onset for the person
with the first confirmed case occurred on June 11, 2024, and
the outbreak was declared over approximately 15 weeks later
on September 26, a total of 42 days after illness onset in the
last person with measles. Wastewater surveillance is a useful
tool in the surveillance of emerging pathogens, including
avian influenza A(H5) (Z); however, wastewater surveillance
for measles virus has not been well described in the context of
clinical data. This retrospective study describes the detection of
wild-type measles virus in wastewater samples collected during
the 2024 measles outbreak.

Investigation and Outcomes

Data Collection

Oregon began wastewater surveillance for SARS-CoV-2 (the
virus that causes COVID-19) in 2020. Routine wastewater
surveillance now includes SARS-CoV-2, influenza, respiratory
syncytial virus, influenza A(H5), and, since October 2025,
wild-type measles virus. Unlike vaccine-derived measles virus,
wild-type measles virus is transmitted from person to person
and can cause outbreaks. Wastewater surveillance activities
include collecting and archiving 24-hour composite samples

*These authors contributed equally to this report.

from up to 40 wastewater treatment facility influents statewide
once or twice weekly (7). To ascertain the presence of wild-
type measles virus in wastewater in the outbreak-affected area,
archived specimens collected during March 19-September 26,
2024, were retrospectively tested during July and August 2025
from four communities in the two counties with outbreak
cases. The study period initially ranged from April 30 through
September 26, which was two incubation periods (42 days)
before illness onset for the first case through two incubation
periods after onset for the last case. When wild-type measles
virus was detected in samples from the first week of the study
period (on May 5, 2024), the beginning of the study period
was extended to include four incubation periods before illness
onset for the first case (i.e., March 19-September 26) (2).

Processing of Samples

Filtered, preserved 24-hour composite wastewater influent
samples were homogenized using bead-beating with 0.7-mm
garnet beads to lyse the cells. Nucleic acids were extracted from
200-400 zl of the homogenate and analyzed for a wild-type—
specific measles virus target using reverse transcription—digital
polymerase chain reaction (RT-dPCR) (1,3). Detections were
defined as samples with a viral concentration above the assay
limit of detection, which was calculated based on the assay
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limit of blank.t Data were analyzed in RStudio (version 4.3.1;
RStudio, Inc.). This activity was reviewed by the Oregon
Health Authority, deemed not research, and was conducted
consistent with federal law.$

Detections of Wild-Type Measles Virus in Wastewater
Among 94 analyzed samples collected during March 19—
September 26, 2024, a total of 20 (21.3%) tested positive for
wild-type measles virus (Figure). The first detection of measles
virus in wastewater was in a sample collected on April 3.
Wastewater detections preceded reported cases by approxi-
mately 10 weeks. After scattered detections of measles virus
at low concentrations (i.e., above the limit of detection but
fewer than three positive dPCR partitions) in both counties, a
period during which measles virus was detected at higher con-
centrations (i.e., above the limit of detection and three or more
positive dPCR partitions) occurred during June 12—July 23,
corresponding with the first reported clinical cases. The last
sample in which measles virus was detected was collected on

T A total of 40 no template control (NTC) samples were used to calculate the
assay limit of blank (LOB). Assay LOB = (Average gene copies per p of reaction
of NTCs) + 1.654 x (Standard deviation of gene copies per z of reaction of
NTCs). Assay limit of detection (LOD) = Assay LOB x 3 x (Standard deviation
of gene copies per zl of reaction of NTCs). Process LOD accounts for volume
of wastewater filtered. Process LOD = Assay LOD x (l of reaction/pl of
template) x (z of elution buffer eluted/ul of lysate used for extraction) x (pl of
Zymo DNA/RNA Shield used to stabilize and lyse the sample/mL of wastewater
filtered) x (1,000 mL of wastewater/1 L of wastewater).

$45 C.FR. part46.102(1)(2), 21 C.ER. part 56; 42 U.S.C. Sect. 241(d); 5U.S.C.
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

July 24. Overall, 11 (55%) of the 20 measles virus detections
were in samples collected during the outbreak period. No
virus was detected in wastewater during the last 9 weeks of the
outbreak. After the last detection of wild-type measles virus in
a wastewater sample, an additional eight cases were reported.

Preliminary Conclusions and Actions

Wastewater surveillance can provide an early warning signal
for emerging pathogens, including measles, independent of
health care—secking behavior and access to testing (7). In this
retrospective study, wastewater detection of wild-type measles
virus preceded the first reported case by 10 weeks. A 6-week
period of higher concentrations of measles virus in samples
corresponded to the outbreak peak.

The findings in this study are subject to at least two limita-
tions. First, because the measles viruses detected in the waste-
water samples were not sequenced, whether all detections were
epidemiologically linked to the outbreak is unknown. Second,
the absence of measles virus detections in wastewater samples
does not rule out the presence of measles in a community, as
evidenced by identification of eight cases after the last waste-
water sample tested positive for measles virus.

During 2025, the United States experienced the highest
number of measles cases since elimination was declared in
2000. To prevent transmission, systems to rapidly identify,
isolate, and investigate suspected measles cases, as well as high

population immunity, are needed (4). This study highlights
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FIGURE. Wild-type measles virus detections (A) and concentrations* (B) in wastewater and confirmed and probable measles cases (C), by

surveillance week end date — Clackamas and Marion counties, Oregon, March-September 2024
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* Samples below the nondetection line were negative for measles virus. Jitter (slight displacement of data points from overlapping and obscuring one another) was

applied to all nondetection and overlapping detection data points.
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Summary

What is already known about this topic?

Wastewater surveillance can be used to monitor emerging
pathogens, including wild-type measles virus.

What is added by this report?

During a June 11-September 26, 2024, measles outbreak in
Oregon, which included a close-knit community that did not
readily seek health care, a retrospective analysis of archived
regional wastewater data collected during March 24—
September 22, 2024, detected wild-type measles virus in 20 of
94 (21.3%) samples. The first detection of measles virus in
wastewater was in a sample collected on April 3, 2024, which
preceded the first confirmed measles case by 10 weeks.

What are the implications for public health practice?

Wastewater surveillance can provide an early warning of
community measles circulation and can guide the public health
response during outbreaks, including recommendations

for vaccination.

the usefulness of wastewater surveillance as an early warning
of measles in a community, with the potential to detect
community transmission before the first cases have been
identified. Wastewater surveillance can alert clinicians and
the public to a current measles risk in the community, guide
health care system screening procedures and testing practices,
and direct important individual-level protective behaviors,
including vaccination.

19
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Notes from the Field

Wastewater Surveillance for Measles Virus During
a Measles Outbreak — Colorado, August 2025
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Measles, a highly transmissible vaccine-preventable respira-
tory virus, can cause severe illness and result in hospitaliza-
tion or death.* During March—July 2025, Colorado reported
16 confirmed measles cases while measles outbreaks were
occurring in neighboring New Mexico, Texas, and Utah (7);
the first five Colorado cases were confirmed by late April.
Measles virus RNA shed in feces and urine can be detected in
wastewater (2), and sequencing of the nucleoprotein gene can
identify the wild-type measles lineage genotype. Detection of
measles virus in wastewater can precede clinical case reporting
(3), and evidence of the value of supplementing clinical case
reporting with wastewater surveillance is growing (4). On
May 1, wastewater surveillance testing for measles virus was
implemented in Colorado. In early August, the Colorado
Department of Public Health and Environment (CDPHE)
identified measles virus in a wastewater sample from a Mesa
County wastewater treatment plant, providing local public
health agency authorities with an early indicator of possible
community transmission. During the next 4 days, two measles
cases were reported among residents served by the same
wastewater treatment plant where measles virus detection
had occurred. This report describes the detection of measles
virus through wastewater surveillance in Mesa County and its
contribution to the subsequent outbreak response.

Investigation and Outcomes

Colorado Wastewater Surveillance Program

The Colorado wastewater surveillance program was estab-
lished in 2020 in response to the COVID-19 pandemic. The
wastewater surveillance program monitors wastewater state-
wide for respiratory viruses and emerging pathogens using
digital polymerase chain reaction (dPCR).T On May 1, 2025,
after the identification of five measles cases in the state, the
wastewater surveillance program initiated a measles surveillance
pilot project to supplement statewide clinical measles surveil-
lance. Sampling occurs twice weekly at 21 sentinel wastewater
treatment facilities across the state.

* Measles Symptoms and Complications | Measles (Rubeola) | CDC
T dPCR: A Technology Review | PMC
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Summary

What is already known about this topic?

Measles is a highly infectious vaccine-preventable disease.
Measles virus is shed into wastewater, and detection of the virus
can precede reporting of cases, serving as an early warning of
community transmission.

What is added by this report?

During August 4-6, 2025, measles virus was detected in
wastewater samples from a wastewater treatment plant in Mesa
County, Colorado. During the next week, two measles cases
were reported among residents of the area served by the same
treatment plant. Detection of measles virus in wastewater with
subsequent reporting of measles cases in the same area
facilitated coordinated and comprehensive messaging to health
care providers, encouraging them to continue recommending
measles vaccination.

What are the implications for public health practice?

Wastewater surveillance testing for measles can alert public
health authorities to possible local measles transmission before
and during a measles outbreak and help guide public health
preparedness and response. Wastewater surveillance is
conducted for both wild-type (highly contagious) and vaccine-
derived measles (weakened strain in the measles, mumps, and
rubella vaccine).

Detection of Measles Virus from the Measles Wastewater
Pilot Project

Between May 1, 2025, when wastewater surveillance was
implemented, and August 4, 2025, no wild-type measles was
detected in wastewater in Mesa County. On August 9, 2025,
the state laboratory identified low-level measles detection’ in
a sample collected on August 4 at a treatment plant serving
90,000 residents in Mesa County (Figure).

At that time, no measles cases had been reported among
residents of Mesa County during 2025. A second wastewa-
ter sample collected on August 6 with results received on
August 11 had the highest concentration of measles virus
RNA (944,000 gene copies per liter) since the pilot began in
May; genomic sequencing after dPCR confirmed measles virus
genotype D8. The sharp increase in measles virus concentra-
tion identified between the two sequential samples suggested
community transmission (7). The local public health agency
was notified the same day and coordinated with local and
state public health officials, including planning for increased

S A measles viral concentration that is below the empirically established limit of
detection. The limit of detection is defined as >1,200 gene copies per liter and
>3 positive partitions per sample well. A low-level detection indicates that
measles genetic material was likely present, but the concentration was too low
to be reliably quantified with statistical certainty.
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FIGURE. Measles symptom onset and report dates and measles wastewater detection dates* —

Mesa County, Colorado, July-August 2025
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Abbreviation: Colorado Department of Public Health and Environment.

*The low-level detection in a sample collected on August 4 was reported on August 9, and the high-level detection in a sample collected on August 6 was reported

on August 11.

staffing to support an outbreak response in the event of a
confirmed measles case in the area. Delivery of wastewater
samples collected on August 11 and August 13 was delayed
at the laboratory because of a wildfire; these samples were
not in the acceptable temperature range for testing and were
considered invalid. Measles virus was not detected in the next
sample, which was collected on August 18. This activity was
considered public health surveillance and exempt from human
subjects review by CDPHE.

Identification of Measles Cases in the Region of the
Affected Sewershed

On August 13, 2 days after the high-concentration measles
virus detection was reported, the local public health agency was
notified of a suspected measles case in an unvaccinated patient
aged 10-19 years. This index patient had spent time in the
area served by the sewershed while infectious (i.e., from 4 days
before through 4 days after rash onset) and had symptom onset
on August 7. A second case, in an unvaccinated patient aged
10-19 years who worked with the index patient, was identified
in the same region on August 15, 1 day after symptom onset.
Neither patient had traveled outside the immediate area, and
neither reported a known measles exposure. Both patients were
confirmed to have measles through laboratory testing.

State and local public health authorities launched an out-
break investigation including contact tracing, symptom moni-
toring, and laboratory confirmation of clinical and wastewater

samples. The CDPHE outbreak investigation identified five

21

additional laboratory-confirmed measles cases with symptom
onset during August 11-27 among 225 household and health
care facility contacts of the first two identified patients. Among
the seven patients, one had documentation of measles vaccina-
tion. Local health care providers were encouraged by state and
local authorities to continue recommending measles vaccina-
tion and to review vaccine inventories to ensure adequate stock.

Retrospective Identification of Likely Source Cases

In early October, CDPHE was notified by public health
officials in state A that members of an ill Mesa County family
had exposed residents of their state during a family gathering
in early August. CDPHE identified this Mesa County family
as the likely source of the Mesa County measles outbreak.
Although three family members sought care for symptoms
in late July and specimens were obtained for measles test-
ing, the request was canceled when one of the family mem-
bers received a coincidental positive test result for group A
Streptococcus, because of a nationwide shortage of measles
immunoglobulin M testing reagents. All three family mem-
bers were unvaccinated. Before being identified, after travel
to state A, the family had been exposed to measles in state B
in mid-July and subsequently interacted with the first two
recognized measles patients in Mesa County during July 25-26.
The family cases were epidemiologically linked through the
CDPHE outbreak investigation. This linkage explains both the
initial local spread in Mesa County and the viral detections in
the early August wastewater samples.
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Preliminary Conclusions and Actions

The detection of measles virus RNA in consecutive wastewa-
ter samples likely indicated ongoing community transmission,
and the detection of a high concentration alerted the local
public health agency to transmission before cases were reported.
The first cases were reported <4 days of wastewater specimen
collection, allowing dissemination of comprehensive messaging
regarding both wastewater surveillance measles detections and
clinical data to local health care providers. Timeliness is critical
for wastewater surveillance to serve as an alert to local public
health authorities. Ongoing monitoring of wastewater sur-
veillance data by local public health agencies in Colorado can
provide an early indication of community measles circulation
and guide public health messaging regarding potential trans-
mission, signs and symptoms of measles, recommendations
for vaccination, and instructions for seeking care. Wastewater
surveillance data complement surveillance for clinical cases,
alerting local authorities and aiding resource allocation for
outbreak investigations and containment (2,5).
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Abstract

Human rabies cases are rare in the United States; most
result from domestic wildlife exposure. U.S. residents can
acquire rabies abroad, typically through contact with dogs in
areas where dog-maintained rabies is endemic. In November
2024, a man from Haiti was admitted to a Kentucky hospital
with an 8-day history of progressive lower extremity pain and
weakness. Soon after admission, he experienced hypersaliva-
tion, dysphagia, agitation, and eventually, respiratory failure
requiring invasive mechanical ventilation. Ten days after
admission, he was transferred to a referral hospital in Ohio,
where his condition further deteriorated. Despite early con-
sideration of rabies in the differential diagnosis, testing was
delayed until late in the clinical course while other diagnostic
possibilities were pursued. Rabies testing was initiated on the
29th hospital day and was confirmed 5 days later; the patient
died that day. Phylogenetic analysis of the nucleoprotein gene
supported acquisition of a dog-maintained rabies virus variant
in Haiti. In total, 709 possible contacts during the patient’s
infectious period underwent risk assessment; 60 (8%) were
recommended to receive rabies postexposure prophylaxis
(PEP) because of exposure to saliva. Before the patient’s rabies
diagnosis, standard precautions were used inconsistently during
his care; among 60 persons recommended to receive PEP, 52
(88%) were health care workers. Earlier rabies diagnosis and
regular adherence to standard infection control precautions,
recommended for all patient care, might have reduced health
care—associated exposures. This case underscores the impor-
tance of early public health consultation upon clinical suspicion
of rabies and universal adherence to standard precautions.

Introduction

In November 2024, a man from Haiti who had been living
in the United States for approximately 7 months sought care in
a Kentucky emergency department three times over 4 days for
progressive lower extremity weakness and pain; he was hospital-
ized, and shortly thereafter he experienced agitation and hyper-
salivation. Ten days later, after further neurologic deterioration,
he was transferred to a referral hospital in Ohio. Although
rabies was considered early in the patient’s hospital course, in
the absence of reported animal exposure, other diagnoses were
initially pursued, and rabies testing was not sought for several
weeks. Rabies testing was initiated on the 29th hospital day,
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and the diagnosis was confirmed by CDC 5 days later, the
same day that the patient died. Analysis indicated that the
virus was consistent with a rabies virus variant found in dogs
in Haiti, one of the countries with the highest risk for rabies
in the Western Hemisphere (7). An extensive contact tracing
effort was undertaken to identify persons who might have
been exposed to the patient’s infectious material and to recom-
mend postexposure prophylaxis when indicated. This report
describes the patient’s signs and symptoms, hospital course,
and the subsequent contact tracing activities once a diagnosis
of rabies was confirmed.

Investigation and Results

Clinical Signs and Symptoms and Initial Hospitalization
Information about the patient’s clinical and hospitaliza-
tion course was provided by the treating facilities through
the local health departments. In April 2024, the patient had
relocated from Haiti to the United States; he began working
in a Kentucky warehouse in August (Figure). Three months
later, in November, he sought treatment at a local emergency
department (hospital A) for a 4-day history of knee and
lower back pain. Knee and spine radiographs were normal,
and he was discharged. He returned later the same day with
worsening pain in both legs, nausea, and urinary frequency.
Clinicians administered intravenous fluids and pain medica-
tion and discharged him again. No specific diagnosis other
than musculoskeletal pain was documented. Two days later, he
returned with dizziness and severe leg weakness and required
assistance walking. Computed tomography of the head was
normal, but magnetic resonance imaging of the lumbar spine
revealed a bulging intervertebral disc; this was interpreted as
a plausible mechanism for radiculopathy and the cause of
his symptoms. He initially declined hospital admission, but
the following day (hospital day 1), he returned to hospital A
by ambulance after losing the ability to walk, experiencing
weakness that had progressed to his arms, and experiencing
respiratory difficulty. He was admitted to the hospital, and
clinicians initiated an extensive evaluation in consultation with
neurology and infectious disease specialists. On hospital day 2,
he developed hypersalivation, dysphagia, and agitation, and
by hospital day 3, progressive neurologic decline necessitated
endotracheal intubation and invasive mechanical ventilation.
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FIGURE. Timeline for human rabies case imported from Haiti — Kentucky and Ohio, 2024
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Hospital A Course

Cerebrospinal fluid (CSF) from a lumbar puncture on hos-
pital day 3 tested positive for toxoplasma immunoglobulin G
(IgG); all other tests for infectious, autoimmune, and neo-
plastic etiologies were negative. Clinicians considered rabies
in the differential diagnosis as early as hospital day 3; however,
because of the critical nature of the patient’s illness at that time,
he was unable to respond to questions about animal exposure,
and family members interviewed during the hospitalization
were unaware of any animal exposure. Therefore, in the absence
of known exposure, rabies testing was not initially pursued, in
favor of plausible alternative diagnoses. The bulging lumbar
disc was initially considered the likely cause of his leg weakness,
but this did not explain his other symptoms. Recent receipt of
several vaccines raised suspicion for Guillain-Barré syndrome,
prompting treatment with intravenous immunoglobulin. He
also received empiric treatment for central nervous system
toxoplasmosis.

Transfer to Hospital B and Request for Rabies Testing

On hospital day 10, the patient experienced status epilep-
ticus, requiring increasing sedation. He was transferred to an
Ohio hospital (hospital B) for neurocritical care on hospital
day 13. Because of the hypersalivation, he underwent salivary
gland biopsy on hospital day 16; pathologic examination
found nonspecific inflammation. A brain magnetic resonance
imaging study on hospital day 17 showed anoxic injury with
severe ventricular effacement (i.e., obliteration of the ven-
tricular space as a consequence of mass effect) and brain stem
herniation. Computed tomography angiography showed no
cerebral blood flow.
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On hospital day 29, physicians at hospital B consulted the
Kentucky Department for Public Health (KDPH) and the
Ohio Department of Health (ODH) to request rabies testing.
Serum, CSF, saliva, and nuchal skin biopsy samples were sent
to CDC by the ODH laboratory. The samples were received
by CDC on hospital day 34, and rabies was confirmed later
that day by the detection of rabies IgG and immunoglobulin M
by indirect immunofluorescence assay in serum and CSF
and by detection of rabies virus RNA by real-time reverse
transcription—polymerase chain reaction in one of two saliva
samples (2,3). The patient died on hospital day 34, 40 days
after symptom onset.

Rabies virus neutralizing antibodies were later detected in
serum and CSF by the rapid fluorescent focus inhibition test.
The rabies virus RNA signal in nuchal skin was below the
positivity threshold and was reported as inconclusive.

Identification of Rabies Virus Variant

Postmortem sampling of brain tissue was conducted by nee-
dle aspiration through the foramen magnum. Antigenic typing
revealed a rabies virus variant similar to that found in Caribbean
dogs and mongooses. Genomic sequencing and phylogenetic
analysis of the complete nucleoprotein gene was consistent
with rabies virus found in dogs in Haiti (Cosmopolitan clade,
Haiti-Dominican Republic variant CAR1a).*

*Nomenclature for Caribbean rabies virus variants recently described in
Frontiers | Using molecular approaches to determine rabies diversity in Haiti

and Dominican Republic.
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Public Health Response

Epidemiologic Investigation

After confirming rabies infection, KDPH, ODH, the
Northern Kentucky Health Department, the Cincinnati
Health Department, and CDC coordinated response activities.
These activities were reviewed by CDC, deemed not research,
and were conducted consistent with applicable federal law and
CDC policy.” The participating health agencies considered
these activities to be part of routine public health practice that
did not require human subjects review.

Haiti Public Health Notification and Field Investigation
Rabies virus variant typing and sequencing results indicated
that the patient had acquired rabies in Haiti, obviating the need
for further U.S. animal source investigation. CDC issued a
public health notification to Haiti, recommending follow-up
to identify the exposure source and assess additional persons
who had been exposed to the rabid animal and who might need
postexposure prophylaxis (PEP). A field investigation team
from Haiti’s National Animal Rabies Surveillance Program
was deployed to the patient’s family’s last known location to
conduct in-person interviews. Their investigation did not iden-
tify any definite animal exposures. One report that the patient
might have been scratched by a cat could not be verified. The
patient had also traveled extensively within Haiti, precluding
ascertainment of the source of his rabies exposure.

Contact Tracing

Health care contacts. Public health officials defined the
infectious period as 14 days before symptom onset until the
patient’s death (4). Exposure was defined as contact between
the patient’s infectious body fluid or tissue and a contact’s
mucous membrane or broken skin. KDPH and the Northern
Kentucky Health Department developed an online risk assess-
ment plan to standardize data collection. Infection prevention
specialists at hospitals A and B, in consultation with public
health officials, identified potentially exposed employees at
their respective facilities. A standardized questionnaire was
administered to 645 employees, including 451 at hospital A
and 194 at hospital B (Table). To collect additional informa-
tion, telephone interviews were conducted with persons who
reported possible contact with tears, saliva, or neural tissue.
During the interview, details of the possible exposure, including
the nature of the body fluid contact and use of personal
protective equipment (PPE), were discussed. If a health care
worker used PPE that prevented contact between the patient’s

745 C.ER. part 46, 21 C.ER. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C.
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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TABLE. Number of contacts of a patient with rabies, recommendations
to receive rabies postexposure prophylaxis, and completion of
postexposure prophylaxis, by contact group — Kentucky and Ohio, 2024

Contact group, no. (column %)

Health care Other
worker  Household community Total
Characteristic contacts contacts contacts* contacts
No. of potential 645 (88) 7 (1) 84 (11) 736 (100)
contacts (row %)
Underwent risk 645 (100) 7 (100) 57 (68) 709 (96)
assessment
PEP recommendedt 53(8) 7 (100) 0(—) 60 (8)
Did not receive PEPS 1(2) 3(43) 0(—) 4(7)
Received partial PEP 5(9) 1(14) NA 6(10)
Completed PEPY 47 (89) 3(43) NA 50 (83)

Abbreviations: NA = not applicable; PEP = postexposure prophylaxis.

*Includes close contacts in the workplace and classroom (i.e., coworkers,
classmates, and instructors) and other community members.

T Among those who underwent risk assessment.

§ Four persons who were recommended to receive PEP (one health care worker
and three household contacts) did not complete PEP or receive partial PEP,
despite multiple calls from local health department staff members.

 Received at least 1 PEP dose but did not complete the vaccination series.

infectious body fluid and the health care worker’s mucous
membranes or broken skin, the health care worker was not
considered exposed.

Community contacts. Overall, 91 household and commu-
nity contacts were identified. The patient’s partner, roommates,
and family members were contacted, and their exposure risk
assessed. His employer provided a list of coworkers on his shift
during his infectious period. Public health officials conducted
outreach through email, telephone calls, text messages, and
multilingual letters distributed at work and mailed to homes.
They also contacted classmates and instructors from English
classes the patient attended and a nurse who vaccinated him
during his infectious period.

The patient traveled to New York for 3 days early in his
infectious period. The New York State Department of Health
assessed exposure risk among three relatives with whom he
stayed and determined that all three had potentially been
exposed to saliva. The patient traveled by plane, initially raising
concern for exposure of other travelers. However, he was not
exhibiting hypersalivation or agitation at the time, and the risk
for passenger exposure to infectious fluids (e.g., saliva) dur-
ing the short flights was deemed minimal. Therefore, contact
tracing of others on the planes was not pursued.

Recommendations for and Administration of PEP

Among 736 contacts identified in Kentucky, Ohio, and New
York, 709 (96%) completed a risk assessment, 60 (8%) of
whom were considered exposed through contact with saliva and
recommended to receive PEP. These included 53 of 645 (8%)
health care workers, all seven household contacts, and none
of 57 other community contacts (Table). Local public health
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departments coordinated with the hospitals to ensure that
rabies PEP administration aligned with Advisory Committee
on Immunization Practices guidelines (5). Recommended PEP
consisted of a single dose of human rabies immune globulin
and 1 dose of rabies vaccine at the time of the first medical visit,
followed by an additional vaccine dose on days 3, 7, and 14
after the first dose. Occupational health staff members at each
hospital coordinated PEP administration for their respective
employees, and community contacts’ PEP was monitored by
local health department staff members. Among all 60 persons
recommended to receive PED, 50 (83%) completed the vac-
cination series; six persons received at least 1 dose of vaccine
but did not complete the series. Public health staff members
reviewed the telephone interview statements of each health care
contact who was recommended to receive PEP to determine
the circumstances of their exposure. Among 49 of 53 (92%)
exposed health care workers, recommendations to receive
PEP might have been avoided through adherence to standard
precautions. In the remaining four cases, enhanced precau-
tions would have been required because of the nature of the
patient contact.

Discussion

Human-to-human transmission of rabies has only been
confirmed through organ or tissue donation. Although rabies
transmission from patients to health care workers is theoreti-
cally possible, it has not been documented. However, because
infected humans shed virus in saliva, these persons should be
considered potentially infectious to others through exposure
to infectious tissue or body fluids. In this case, the prolonged
hospitalization and delayed consideration of rabies as a diag-
nosis increased the period during which health care workers
could have been exposed to infectious material. Because
rabies is nearly universally fatal after symptom onset, preven-
tion is critical. This case represents one of the largest health
care—associated rabies exposure investigations in recent U.S.
history and suggests how adherence to recommended infec-
tion control precautions, including use of PPE, along with
early public health consultation, might reduce the unnecessary
administration of PEP.

While caring for this patient, health care workers had exten-
sive contact with his saliva. In a health care setting, exposure
to rabies virus could occur through contact between a patient’s
saliva and a health care worker’s eye, mouth, or broken skin.
Despite this, only 8% of those assessed were recommended
to receive PEP. Standardized risk assessment can help direct
PEP recommendations to persons most likely to be at risk and
reassure those without exposure, minimizing possible adverse
effects and cost of PEP by reducing unnecessary administration.
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Summary
What is already known about this topic?

Human rabies cases are rare in the United States; most result
from domestic wildlife exposure. U.S. residents can acquire
rabies abroad, typically through contact with dogs in areas
where dog-maintained rabies is endemic.

What is added by this report?

A man who relocated to the United States from Haiti later died
from infection with a dog-maintained rabies virus acquired in
Haiti. Rabies diagnosis was delayed, and standard infection
control precautions were not uniformly used during his medical
care, leading to risk assessments of 709 contacts across three
states and recommendations for postexposure prophylaxis for
60 persons, 88% of whom were health care workers.

What are the implications for public health practice?

Prompt diagnosis of human rabies is essential to limit potential
exposure of health care workers and other contacts. Use of
standard infection control precautions, recommended for all
patient care, can help prevent exposure.

Most exposures in this investigation were health care associ-
ated (53 of 60; 88%). Standard infection control precautions
are recommended when caring for all patients, including
those with suspected rabies (6,7). Use of gloves, gowns, masks,
and eye protection can protect against body fluid exposure,
particularly during intubation and suctioning. Although stan-
dard precautions should be used for all patient care, delayed
diagnosis of rabies in this case and health care workers’ lack
of awareness of the risk for rabies transmission might have
contributed to some health care workers’ failure to use recom-
mended precautions.

Human rabies is rare in the United States, and most U.S.-
based clinicians have never encountered a case (8). Rabies
diagnosis might therefore be delayed or missed because of
clinician unfamiliarity or hesitancy to consult with public
health departments. Although rabies was considered early in
this patient’s clinical course, testing was deferred while more
common and easily tested diagnoses were assessed and ruled
out. The typical rabies incubation period is approximately
3 weeks—3 months, although incubation periods of <1 week
and >1 year have been reported (9). The long incubation
period in this case (=7 months) reduced the clinical suspicion
for rabies. Although human rabies is rare, the virus remains
enzootic in U.S. wildlife and is reported in mammals from all
states except Hawaii. State health departments often have staff
members who are experienced with rabies testing protocols
and should be consulted promptly when rabies is suspected.
Immediate public health consultation when rabies is being con-
sidered can prevent diagnostic delays and minimize exposures.
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Implications for Public Health Practice

This patient had recently arrived in the United States from
one of the countries with the highest risk for rabies in the
Western Hemisphere and experienced classic rabies signs and
symptoms. This case underscores the value of early public
health consultation when a diagnosis of rabies is considered.
The case also highlights the importance of adhering to stan-
dard precautions during all patient care activities and the use
of standardized risk assessments to ensure timely and effective
response efforts.
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Abstract

Rabies is an enzootic viral disease in the continental United
States and is typically transmitted through the bite of an
infected mammal. Infection is almost always fatal if rabies
postexposure prophylaxis (PEP) is not received before the
onset of symptoms. Bats are the leading source of U.S. human
rabies cases. In 2024, CDC identified two U.S. human rabies
deaths in September (Minnesota) and November (California)
in persons who had a recognized bat encounter but might not
have been aware of the potential rabies risk. Neither patient
reported the bat encounter to public health officials nor sought
medical attention, including PED, before symptom onset.
Health officials conducted risk assessments among 384 persons
in Minnesota, North Dakota, and California who had pos-
sible contact with either the bats that were presumed to have
rabies or the patients while they were infectious; 45 (12%)
of these persons were recommended to receive PEP. Bat bites
often result in trivialized or inapparent wounds. Anyone with
a possible bat exposure, even in the absence of a recognized
bite, should immediately report the encounter to a health care
provider or to public health officials for risk assessment, con-
sideration of options for bat testing, and PEP administration,
if indicated. Increased awareness of the potential risk for rabies
after any bat interaction, even without a visible bite wound,
might help prevent deaths.

Introduction

Although rabies is enzootic in the continental United States
and is typically transmitted through bites from infected
mammals, human rabies deaths in this country are rare (7).
Each year, among an estimated 1.4 million persons in the
United States who seek medical care after animal contact,
100,000 (7%) receive rabies postexposure prophylaxis (PEP).
Rabies is nearly universally fatal if PEP is not administered
before symptom onset. PEP is not indicated when the ani-
mal test results are negative or when public health officials
determine that the contact does not pose a rabies risk (2). Bat
exposures are the leading source of U.S. human rabies cases:

among the 42 U.S.-acquired human rabies cases reported
during 2000-2024, bat contact was the cause in 35 (83%) (7).

*These authors contributed equally to this report.
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In September and November 2024, two human rabies deaths
associated with bat contact in Minnesota and California,
respectively, were reported to CDC. Although the Advisory
Committee on Immunization Practices (ACIP) recommends
that anyone with possible bat contact receive a rabies exposure
risk assessment to ascertain the need for PEP, both of these
deaths occurred in persons who, although aware of their bat
encounter, did not consult with medical professionals or public
health officials or receive PEP before symptom onset. CDC
(and the California state laboratory for the California case)
provided human rabies diagnostic testing. After confirming
the rabies diagnosis, state and local health departments led
the resulting animal exposure and patient contact investiga-
tions, with technical assistance provided by CDC. This report
describes the characteristics and outcomes of these two fatal
cases. This activity was reviewed by CDC, deemed not research,
and was conducted consistent with applicable federal law and

CDC policy.

Investigation and Outcomes

Minnesota Case, July-September 2024

Bat encounter. In July 2024, a Minnesota woman who
lived alone reported to family members that a bat or bird had
been trapped in her house for several days. After discovering
a bat in the sink, she reportedly killed it with a hammer and
disposed of it. A bite was not mentioned; however, the method
reportedly used to kill the bat could have produced splatter
resulting in inoculation of infectious nervous tissue onto bro-
ken skin or mucous membranes. In addition, family members
reported that the patient wore a hearing aid, was a deep sleeper
who used a continuous positive airway pressure machine, and
routinely consumed alcohol, factors that might have reduced
her awareness of having had direct bat contact. Public health
officials were not notified about the possible exposure, and the
bat was not tested for rabies.

Clinical course and rabies diagnosis. In August, approxi-
mately 3 weeks after the bat encounter, the patient developed
shoulder pain and weakness. During the next 9 days, she
sought care several times for malaise, weakness, and continued

745 C.ER. part 46, 21 C.ER. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C.
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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shoulder pain; her medical record contains no documentation
that she reported the bat encounter at any of those health care
assessments. Ten days after initial symptom onset, she returned
to a Minnesota hospital emergency department with tremors,
progressive weakness, confusion, anxiety, and muscular rigidity.
The patient was admitted to the hospital for supportive care
and diagnostic testing, which included a lumbar puncture, a
head and cervical spine computed tomography scan, and a
multiplex polymerase chain reaction meningitis/encephalitis
panel.S On the first hospital day, the patient experienced an
acute mental status change and was found to be minimally
responsive, resulting in emergency endotracheal intubation and
transfer to the intensive care unit. Family members reported the
patient’s bat encounter at that time, and rabies was considered,
but public health officials were not consulted regarding diag-
nostic testing because test results for more common diagnoses
were pending. On the second hospital day, the patient was
transferred to a tertiary care hospital in North Dakota, where
providers noted signs of encephalitis. Twelve days after admis-
sion, the encephalopathy had not resolved, and the patient’s
family elected to provide only palliative care. However, because
extensive testing while the patient was hospitalized had still not
identified a pathogen, after a consultation with state public
health officials and CDC, a limited number of remaining
antemortem samples (serum, cerebrospinal fluid, and plasma)
were sent to CDC for rabies diagnostic testing. Later that day,
the patient died, and her family declined both an autopsy and
postmortem sampling for additional rabies testing. Rabies
virus antibodies were detected in a plasma sample, confirming
a diagnosis of rabies.

California Case, October-November 2024

Bat encounter. In October 2024, a woman living in
California told family members that she had recently found a
bat indoors at her worksite. Although the bat initially appeared
to be dead, when she handled it with her bare hands, she felt
movement and a possible bite. She discarded the bat, and in
the absence of any apparent wound, did not consult a medical
provider or public health officials, and the bat was not tested
for rabies.

Clinical course and rabies diagnosis. Approximately 1 month
after the bat encounter, the patient developed paresthesia and
muscle spasms in her arm. Three days later, she was hospital-
ized with seizures. On admission, the patient’s bat exposure
was disclosed (whether this information was reported by
the patient or family members is not known), prompting
medical providers to contact public health officials regarding

SThe multiplex polymerase chain reaction meningitis/encephalitis panel tests
for 14 pathogens in a cerebrospinal fluid sample to rule out more common
causes of meningitis or encephalitis; rabies virus is not included in the panel.
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Summary

What is already known about this topic?

Rabies virus is maintained in wild mammals in the continental
United States and is typically transmitted through bites from
infected animals. Rabies is nearly universally fatal without
administration of timely postexposure prophylaxis (PEP).
What is added by this report?

CDC confirmed two deaths of U.S. residents from rabies virus
infection after bat encounters in 2024. Both patients recognized
their bat interaction; however, they might not have been aware
of the potential rabies risk, and neither sought health care
consultation, bat testing, or PEP.

What are the implications for public health practice?

Increased awareness of the potential rabies risk after any bat
encounter, even without a visible bite wound, might help
prevent deaths.

rabies testing. On the same day, the patient’s seizure activity
worsened and was followed by mental status changes, leading
to endotracheal intubation and transfer to the intensive care
unit. During the following 3 days, her condition deteriorated,
ultimately progressing to liver and kidney failure. The patient
died 4 days after admission, and the California state laboratory
and CDC confirmed a diagnosis of rabies through detection
of rabies virus antigen in an antemortem nuchal skin biopsy
and viral RNA in antemortem nuchal skin biopsy and saliva.
Viral sequencing confirmed a bat rabies virus variant.

Public Health Response

Identification of Exposed Contacts

The detection of each human rabies case prompted an inves-
tigation to 1) determine the exposure circumstances, 2) identify
other persons possibly exposed to the same animal that was
presumed to be rabid, and 3) identify persons exposed to the
patients during their infectious period.

A rabies exposure is defined as direct contact between broken
skin or mucous membranes and the tears, saliva, or nervous
tissues of an infected animal or person. Health departments
administered a risk assessment questionnaire to any person who
had possible contact with either the bats that were presumed
to have rabies or with the patients while they were possibly
infectious; based on limited available data on duration of viral
shedding, the infectious period was conservatively estimated
to be 14 days before symptom onset until death and decon-
tamination (3). These assessments included 155 persons in
Minnesota, 185 in North Dakota, and 44 in California. All of
the potential exposures were to the patients; no bat exposures
were identified.
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PEP Recommendations for Identified Exposed Contacts
Among 155 assessed persons in Minnesota, five of 35 (14%)
community contacts and nine of 120 (8%) health care worker
contacts were recommended to receive PEP (Table). In North
Dakota, all 185 assessed persons were health care workers,
23 (12%) of whom were recommended to receive PEP. In
California, among assessed persons, two of six community
contacts and six of 38 (16%) health care workers were recom-
mended to receive PEP. Across both patient investigations,
PEP was recommended for a total of 45 (12%) of 384 exposed
persons, including seven (17%) of 41 community contacts
and 38 (11%) of 343 health care worker contacts; informa-
tion regarding receipt and completion of PEP is not available.

Public Health Recommendations Regarding Bat Exposures

Press releases about the rabies cases were issued by health
departments in Minnesota and California. The press releases
included rabies prevention messaging focused on the risks from
bats and the importance of consulting health care providers or
public health officials about bat contact or encounters, even
in the absence of a recognized bite.

Discussion

Bats are the leading source of human rabies cases in the
United States, largely because bat bites often result in trivial-
ized or inapparent wounds (4). North American bat species
are relatively small, and their bite wounds can be difficult to
detect. The California case described in this report highlights
the importance of reporting bat encounters, even when a bite
or scratch is inapparent, and reinforces current ACIP guidance
regarding bat handling. Bats should never be handled with bare
hands; CDC advises wearing leather or bite-proof gloves when
handling any bat. Furthermore, sick bats might appear dead
and are more likely to be infected with pathogens, including
rabies virus, than are apparently healthy bats. Bats are a critical
part of the ecosystem, and healthy bats typically avoid human

contact. For this reason, ACIP recommends a rabies risk assess-
ment by a health care provider or public health professional
for any direct bat contact and that PEP be administered in
situations when a bat bite or scratch cannot be ruled out and
the animal is unavailable for rabies testing (5).

Although most healthy persons would likely detect direct
physical contact with a bat, certain conditions have been noted
to increase the risk for unrecognized bat exposures, leading to
rabies virus transmission. These conditions include reduced
mental capacity or age-related factors that would affect aware-
ness or ability to communicate an exposure; use of drugs,
alcohol, or medications that could reduce perception of bat
contact; and a tendency to sleep through noises or disturbances
that typically awaken others, including contact with a bat (5).
Therefore, ACIP recommends that persons who have slept
in a room where a bat is present and are at increased risk for
unrecognized exposure should receive PEP (5). Although the
Minnesota patient described in this report was aware of a bat
in her home, multiple characteristics that could have reduced
her perception of direct bat contact were noted, including
that she wore a hearing aid, was reported to be a deep sleeper
who used a continuous positive airway pressure machine, and
routinely consumed alcohol, and thereby would have met the
criteria for PEP as described by ACIP.

Implications for Public Health Practice

At least 44 bat species are found in the continental United
States (6), and rabies virus has been detected across nearly all
species that have undergone testing (/). Among bats submit-
ted for rabies testing in the United States, approximately 5%
have been found to be infected with rabies virus (). Given
the prevalence of rabies virus among domestic bat species, the
nearly universally fatal nature of rabies disease, and the risk for
trivialized or unperceived exposures, persons should be vigilant
for bats in occupied buildings and immediately report encoun-
ters to health care providers or public health officials for risk

TABLE. Health department assessment of contacts of two patients with rabies* and number of contactst recommended to receive rabies
postexposure prophylaxis,51 by contact type — Minnesota, North Dakota, and California, 2024

Contacts, no. (%)

Community Health care workers Total
State Assessed PEP recommended Assessed PEP recommended Assessed PEP recommended
Minnesota 35 5(14) 120 9(8) 155 14 (9)
North Dakota 0 NA 185 23(12) 185 23(12)
California 6 2(33) 38 6(16) 44 8(18)
Total 41 7(017) 343 38(11) 384 45 (12)

Abbreviations: NA = not applicable; PEP = postexposure prophylaxis.
* Both human rabies cases resulted from contact with bats.

T All potential exposures were to the patients; no contact was exposed to the bats that were presumed to have rabies.

§ Patient Care for Preventing Rabies [CDC
9 Information regarding receipt or completion of PEP is not available.
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https://www.cdc.gov/rabies/hcp/prevention-recommendations/post-exposure-prophylaxis.html
https://www.cdc.gov/rabies/hcp/prevention-recommendations/post-exposure-prophylaxis.html
https://www.health.state.mn.us/news/pressrel/2024/rabies092724.html
https://www.cdph.ca.gov/Programs/OPA/Pages/NR24-040.aspx
https://www.cdc.gov/rabies/prevention/bats.html
https://www.cdc.gov/rabies/hcp/clinical-care/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Frabies%2Fhcp%2Fprevention-recommendations%2Fpost-exposure-prophylaxis.html

assessment, animal testing options, and PEP administration,
if indicated. Increased public awareness of the potential rabies
risk after any bat encounter, including those that do not result
in visible wounds, might prevent deaths.
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Erratum

Vol. 74, No. 41

The report “Leisure-Time Physical Activity Among Women
of Reproductive Age — United States, 2022 and 2024”
contained an error.

On page 634 in the Abstract, the fourth sentence should
have read, “Overall, an estimated 25.1% of women aged
18—44 years reported leisure time activity meeting recommen-
dations for both aerobic and muscle-strengthening physical
activity, 21.7% reported leisure time activity meeting only the
aerobic activity recommendation, and 6.1% reported leisure
time activity meeting only the muscle-strengthening activity
recommendation.”
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