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Abstract

During March—April 2023, a total of 51 persons reported
mild to severe gastrointestinal illness after eating at restaurant A
in Bozeman, Montana. The outbreak resulted in multiple
severe outcomes, including three hospitalizations and two
deaths. After an inspection and temporary restaurant closure,
the Montana Department of Public Health and Human
Services and Montana’s Gallatin City-County Health
Department collaborated with CDC to conduct a matched
case-control study among restaurant patrons to help identify
the source of the outbreak. Consumption of morel mushrooms,
which are generally considered edible, was strongly associated
with gastrointestinal illness. A dose-response relationship was
identified, and consumption of raw morel mushrooms was
more strongly associated with illness than was consumption
of those that were at least partially cooked. In response to
the outbreak, educational public messaging regarding morel
mushroom preparation and safety was shared through multiple
media sources. The investigation highlights the importance of
prompt cross-agency communication and collaboration, the
utility of epidemiologic studies in foodborne disease outbreak
investigations, and the need for additional research about the
impact of morel mushroom consumption on human health.
Although the toxins in morel mushrooms that might cause ill-
ness are not fully understood, proper preparation procedures,
including thorough cooking, might help to limit adverse
health effects.

Introduction
On April 18, 2023, the Montana Department of Public
Health and Human Services (MTDPHHS) and health depart-
ments in Gallatin and Broadwater counties were notified of two
persons who experienced severe nausea, vomiting, and diarrhea
after separately dining at restaurant A in Bozeman, Montana on

April 17. One restaurant patron was hospitalized and later died;
the second died hours after being discharged from a hospital
emergency department. Both persons experienced symptom
onset within 60 minutes of their meal. These reports prompted
an immediate restaurant inspection on April 18 by the Gallatin
City-County Health Department (GCCHD) and a temporary
closure of restaurant A. On the basis of the rapid onset of
symptoms in the hospitalized patient, the provider suspected
a foodborne toxin as the source of illness and sought clinical
consultation from Rocky Mountain Poison and Drug Safety
(https://www.rmpds.org/) for testing and treatment recom-
mendations. On April 19, MTDPHHS requested assistance
from CDC and the Food and Drug Administration (FDA).

Investigation and Findings

Identification of Index Patients and Implicated Foods
Investigation of the two index patients revealed that both
persons had consumed a special sushi roll containing salmon
and morel mushrooms. Morels were a new menu ingredient
and were the only ingredient unique to the special sushi roll,
making it an early suspected source of the outbreak. The morels
were prepared in various ways during March 27-April 17.
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On April 8, morels were served partially cooked: a hot boiled
sauce was poured over the raw morels, after which they were
marinated for 75 minutes. On April 17, the morels were
uncooked and cold-marinated before serving. During an
inspection of restaurant A on April 18, food samples were
collected, including salmon and morel pieces remaining from
the original packaging. Multiple violations were identified
at the time of inspection, including temperature control
issues, improper time control and sanitization procedures,
and improper storage of personal items. On the basis of
the thorough environmental inspection and collection of
food samples, clinical presentation of index patients, and
early evidence implicating a specific food item, investigators
determined that environmental sample collection was not
necessary. On April 19, restaurant A informed GCCHD that
it had received four additional telephone calls from patrons
reporting illness after consumption of the special sushi roll.
Other patrons reported illness directly to GCCHD throughout
the investigation.

Clinical Characteristics of lll Persons

After a May 3 press release providing an update on the
outbreak and soliciting additional cases, GCCHD continued
to receive reports of gastrointestinal illness related to eating
at restaurant A between March 28 and April 17. In total, the

investigation identified 51 cases of illness* (including five
cases among employees and 46 among restaurant patrons);
of these cases, four ill persons visited a hospital emergency
department, three were hospitalized, and the two index patients
died (including one who sought emergency care but was not
hospitalized). Among the 51 ill persons, 45 (88%) reported
consumption of morels at restaurant A. Review of medical
records for the three persons who were hospitalized and one
person who sought emergency medical care without hospital-
ization revealed that the onset of gastrointestinal symptoms was
rapid, with a median symptom onset of 1 hour after the res-
taurant meal. Vomiting and diarrhea were reportedly profuse,
and hospitalized patients had clinical evidence of dehydration.
The two patients who died had chronic underlying medical
conditions that might have affected their ability to tolerate
massive fluid loss.

Testing of Clinical and Food Specimens
MTDPHHS and GCCHD coordinated with FDA for

food specimen testing and with CDC’s toxicology and enteric

*Initially, a case was defined as the occurrence of gastrointestinal illness or
neurologic symptoms in a person after eating at restaurant A during
March 27-April 18,2023, and the interval between these dates was considered
the potential exposure period. However, follow-up indicated that all ill persons
ate at the restaurant during March 28-April 17, 2023.
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diseases groups for clinical specimen testing. T Food specimens
were tested for multiple substances, including volatile and non-
volatile organic compounds and enteric pathogens.S Neither
clinical testing nor food testing identified a causative agent.

Traceback of Implicated Food Items

Health department sanitarians traced the morels to a single
importer, and a separate distributor that supplied mushrooms
to multiple states. The morel mushrooms were cultivated
and imported fresh from China. FDA and the California
Department of Public Health contacted 12 California
facilities that received morels from the same importer dur-
ing January 1-May 17, 2023, six of which responded to the
inquiries and reported receiving no illness complaints from
patrons who ate morels prepared and served by those facili-
ties. All six facilities reported cooking or otherwise thoroughly
heating the morels before they were served. A CDC Epidemic
Information Exchange (Epi-X) multistate call for cases did not
result in additional case reports.

Matched Case-Control Study

To identify foods associated with illness and assess a pos-
sible dose-response relationship, MTDPHHS and GCCHD,
with support from CDC, conducted a matched case-control
study. A questionnaire solicited demographic and symptom
information and food items consumed.¥ A case was defined
as the occurrence of diarrhea, nausea, vomiting, or abdominal
pain in a person any time after eating at restaurant A during
March 27-April 18, 2023. Cases were identified through
reports received by restaurant A, public health departments,
and case-patient interviews. Control participants were identi-
fied during case-patient interviews as dining partners who did
not report illness after eating at restaurant A. Case-patients
(or a proxy) and control participants were interviewed during
May 4-12, 2023.

T Clinical testing for persons with specimens available included urine amatoxin
testing, random total urine arsenic level, stool gastrointestinal panel and culture,
and standard clinical laboratory tests used for medical management. Results of
laboratory testing did not identify a causative agent.

S Salmon and morel mushroom specimens tested negative for various known
toxins, heavy metals, pesticides, volatile and nonvolatile organic substances,
and pathogens, including Clostridium perfringens, Bacillus cereus, Staphylococcal
enterotoxin, and other common enteric pathogens. DNA sequencing identified
the mushroom specimen as Morchella sextelata, a species of true morel.

9The questionnaire included details related to dining (e.g., date and foods and
beverages consumed), new or worsened symptoms after dining, receipt of
medical care for those symptoms, underlying medical conditions, and dining
partners. The survey accounted for the amount of each food eaten, menu
modifications, unlisted food items (e.g., daily specials, chef’s choice, and “secret
menu” items) and whether morel mushrooms were included in any food items.
A proxy dining partner was interviewed to obtain information on one of the
case-patients who was deceased.

221

State and county health department staff members collected
questionnaire data using Jotform software (version 4.0; Jotform
Inc.). Deidentified data were sent to CDC for analysis. CDC
personnel conducted matched and unmatched logistic regres-
sion analyses using SAS software (version 9.4; SAS Institute).
This activity was reviewed by CDC, deemed not research,
and was conducted consistent with applicable federal law and
CDC policy.**

A rtotal of 41 case-patients’™ and 22 control participants
responded to the questionnaire and were included in analyses,
representing 29 unique dining parties. Overall, 27 (36.9%)
case-patients were female and 31 (75.6%) were aged
20-49 years. A majority reported diarrhea (375 90.2%), nausea
(34; 82.9%), abdominal pain (28; 68.3%), loss of appetite
(25; 61.0%), fatigue (24; 58.5%), vomiting (22; 53.7%), and
abdominal distension (22; 53.7%) (Table 1).

In logistic regression analyses matched on dining party, the
odds of eating the special sushi roll with morels among case-
patients were 15.78 times higher than the corresponding odds
among control participants (Table 2). In addition, the odds of
eating any morels among case-patients were 10.77 times higher
than the corresponding odds among control participants.
Other foods did not appear to be associated with case status.

When the amount of the special sushi roll consumed was
modeled continuously, the association was positive between
a one-piece increase in consumption of the special sushi roll
and case status in all analyses (Table 2). When the special sushi
roll was modeled as a three-level categorical variable (none,
one—three pieces of a roll, and four pieces of a roll or more),
associations in the unmatched models also suggested a dose-
response relationship.

In models stratified by meal date, odds ratios comparing
the odds of eating the special sushi roll (yes versus no) among
27 case-patients and 18 control participants were higher among
those who ate at the restaurant on April 17, when uncooked
morels were served, relative to April 8, when the morels report-
edly underwent a partial cooking process (Table 3).

** 45 C.ER. part 46.102(1)(2), 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.

T Among the 42 case-patients eligible for the case-control study, two were lost
to follow-up, and one was deceased with no available proxy to interview. Two
control participants were later found to have met the case definition and were
reclassified as case-patients.

S An employee cohort study was also completed but had a small sample size.
Eleven employees were interviewed, four of whom reported illness that met
the case definition. Employees were not included in the case-control study.
Employees who reported eating more pieces of the special sushi roll were more
likely to report illness (Cochran-Armitage trend test two-sided exact
p-value = 0.033). Using exact logistic regression, the odds ratio per one piece
of special sushi roll increase was 1.92 (95% CI = 0.97-6.77; p-value = 0.067).
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TABLE 1. Characteristics of case-patients and control participants
who dined at restaurant A — Montana, May 2023

No. (%)
Control
Case-patients participants
Characteristic n=41 n=22
Sex
Female 27 (65.9) 12 (54.5)
Male 14 (34.1) 10 (45.5)
Age group, yrs
<20 0(—) 4(18.2)
20-49 31(75.6) 12 (54.5)
>50 10 (24.4) 6(27.3)
Signs and symptoms*
Diarrhea 37(90.2) NA
Nausea 34(82.9) NA
Abdominal pain 28 (68.3) NA
Loss of appetite 25(61.0) NA
Fatigue 24 (58.5) NA
Vomiting 22 (53.7) NA
Abdominal distension or bloating 22 (53.7) NA
Lightheadedness 18 (43.9) NA
Dizziness 16 (39.0) NA
Headachest 15 (37.5) NA
Chills 14 (34.1) NA
Other characteristics and outcomes
Hours from meal to symptom onset, 1(0.25-90.00) NA
median, ranget
Hours from meal to symptom 24 (1.00-672.00) NA
resolution, median, ranget

Contacted a physician for symptoms 6 (14.60) NA
Hospitalized for symptoms 3(7.30) NA
Deceased’ 1(2.40) NA

Abbreviation: NA = not applicable.

* Reported by at least one third of case-patients. Case-patients could report
multiple signs or symptoms.

 Data missing for one case-patient.

§ One additional case-patient died but was not included in the case-control
study because no proxy was available.

Public Health Response

In response to this outbreak, FDA published information
on morels and other mushrooms that are traditionally wild
and foraged but can also be cultivated (7). MTDPHHS and
GCCHD published a press release summarizing the investi-
gation’s findings and provided recommendations on how to
propetly store and prepare morels to reduce the risk for illness
(2). Restaurant A reopened to the public on May 25 once it
was determined that public health risk had been mitigated
by addressing health code violations. Restaurant A elected to
stop serving morels.

Discussion

The findings from this investigation suggest that uncooked
or undercooked morel mushrooms were the likely source of
the outbreak. The epidemiologic study demonstrated a clear
association between consumption of the special sushi roll with
morels and gastrointestinal illness, including a dose-response
relationship, and an apparent stronger association among
persons who ate the morels on a day when the morels served
by restaurant A were reportedly uncooked. The California
Department of Public Health and FDA investigation also sup-
ported the potential impact of preparation method on health
outcomes, because no gastrointestinal illnesses were reported
among patrons who ate morels at facilities where they were
cooked before serving.

The signs and symptoms reported by ill persons and docu-
mented in medical records, including gastrointestinal illness
and dizziness, are consistent with those reported in association
with consumption of improperly handled, prepared, or cooked

TABLE 2. Exact logistic regression models for associations between consumption of menu items and case-patient status of restaurant A

patrons — Montana, May 2023

OR (95% CI)
No. o.f case- No. o.f Fontrol Matched analysis Unmatched analysis
patients participants

Exposure n=41 n=22 Model 1* Model 2t Model 38
Any morels
Yes 36 10 10.77 (1.37 to 492.84) 8.28 (2.12 t0 37.80) 14.60 (2.75 to 151.00)
No 5 12 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Any special roll"
Yes 33 8 15.78 (3.11 to o0)** 6.95 (1.97 to 27.20) 34.30 (4.17 to >1,000)
No 8 14 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
No. of pieces of special roll
None 8 14 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
1-3 9 7 0.50 (0.03 to oo0)** 2.20(0.50to 10.24) 18.06 (1.34 to >1,000)
>4 24 1 22.47 (434 to eo)**  38.15 (4.57 to >1,000) 248.46 (31.25 to oo)**

) )

Odds per each additional piece of — —
special roll consumed

2.88(1.34 t0 16.90 2.06 (1.44 to 3.23) 4.99 (2.06 to 24.95

Abbreviations: OR = odds ratio; Ref = referent group.

* Conducted using conditional logistic regression models (matched on dining party). Only matched dining parties with at least one case-patient and one control
participant contributed to the analysis; therefore, the numbers in the table do not match those in the matched analysis.

T Unadjusted model.

8 Model adjusts for meal date (April 8-17, 2023 versus other) and age (continuous).

1 Special roll is a sushi roll prepared with morel mushrooms.
** |ndicates a median unbiased estimate.
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TABLE 3. Associations* between consumption of special sushi roll and restaurant A patron case-patient status, by meal date — Montana,

May 2023
Meal date Consumed special roll* No. of case-patients No. of control participants Unmatched analysis, ORS (95% Cl)
Apr8 Yes 7 4 11.67 (0.67 to o)
No 0 3 1.00 (—)
Apr 17 Yes 20 3 99.57 (8.60 to )
No 0 8 1.00 (—)
Abbreviation: OR = odds ratio.
* Based on the common OR and exact 95% Cls.
* Special roll is a sushi roll prepared with morel mushrooms.
8 The logit estimators use a correction of 0.5 in every cell.
morels. Previous reports have described gastrointestinal illness
Summary

after consumption of morels, which were consumed raw or
cooked to varying degrees, as well as neurologic symptoms,
including cerebellar effects, and, in some cases, death (3-6).

Morels should be refrigerated at a temperature of <40°F
(<4.4°C), in breathable type packaging, such as a paper bag.
Morels should be cooked thoroughly before consumption
because cooking is likely to reduce toxin levels present in
the mushrooms (7).

Limitations

The findings in this report are subject to at least five limita-
tions. First, this investigation could not determine the specific
characteristic of the morels that caused the outbreak. Morel
storage and preparation methods, in addition to the differences
in cooking methods described, that were not identified during
the outbreak investigation might have differed between April 8
and 17, and might have played a role in causing illness. Second,
morel mushroom toxins are not well characterized; there-
fore, the presence of a specific toxin could not be confirmed
through laboratory testing (7). Third, limitations inherent to
the epidemiologic studies included the small sample size and
the possibility of unidentified confounding by something
closely associated with the morels. Fourth, the study could have
been affected by differential exposure misclassification (e.g.,
if case-patients had better recall of what they ate compared
with control participants). Finally, responses could have been
biased by public knowledge that morels were the suspected
cause of illness.99

Implications for Public Health Practice

The investigation of this outbreak demonstrated how a
coordinated collaborative public health response including
local, state, and federal agencies can preserve and promote

99 Early in the investigation, morel mushrooms were publicly discussed as being
a suspected cause of the outbreak, through media and social media channels.
GCCHD and MTDPHHS mentioned morels as being a suspected cause of
the outbreak in a press release on May 3, which was before most of the
interviews were conducted.

223

What is already known about this topic?

Although morel mushrooms are generally considered edible, rare
cases of illness have been reported after consumption; little is
known about the human health effects of morels. During
March—April 2023, a total of 51 persons reported gastrointestinal
illness after dining at a Montana restaurant; two patients died.

What is added by this report?
A case-control study identified morel mushrooms as the likely
outbreak source. Consumption of raw morels was more strongly

associated with illness than was consumption of cooked or
partially cooked morels.

What are the implications for public health practice?

This outbreak investigation highlights the importance of
prompt cross-agency communication, collaboration, and the
use of epidemiologic studies to guide outbreak investigations.

Morel mushrooms should be cooked before eating to mitigate
potential toxic effects.

public safety. These findings also highlight gaps in knowledge
regarding morels that need further research to better under-
stand how they affect human health, and to identify effective
treatment for morel toxicity beyond supportive care. Morel
mushrooms should be cooked before human consumption to
mitigate their potential toxicity.
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Notes from the Field

Surveillance for Multisystem Inflammatory
Syndrome in Children — United States, 2023

Anna R. Yousaf, MD!; Katherine N. Lindsey, MPH;
Michael J. Wu, MScl; Ami B. Shah, MPH!; Rebecca J. Free, MD;
Regina M. Simeone, PhD!; Laura D. Zambrano, PhD1;
Angela P. Campbell, MD'; MIS-C Surveillance Auchorship Group

Multisystem inflammatory syndrome in children (MIS-C)
is a rare but serious condition typically occurring 2—6 weeks
after SARS-CoV-2 infection and characterized by fever and
multiorgan involvement (7,2). In May 2020, CDC created an
MIS-C case definition and established a passive national sur-
veillance system for voluntary case reporting by state and local
health departments.* In 2022, CDC and the Council of State
and Territorial Epidemiologists (CSTE) created a new surveil-
lance case definition that went into effect on January 1, 2023
(3). Approximately 87% of cases reported using the 2020 case
definition also meet the 2023 case definition. This report
describes 2023 MIS-C cases and compares them with cases
reported earlier in the COVID-19 pandemic.

Investigation and Outcomes

All MIS-C cases reported to CDC national surveillance as
of February 26, 2024, with illness onset during 2023 were
included, and patient characteristics were analyzed. Incidence
(cases per 1,000,000 person-months) was estimated using
bridged-race 2020 population estimates from U.S. Census
Bureau data (4). COVID-19 vaccination status was reported
for children who were age-eligible for vaccination® at the time
of MIS-C illness onset. This activity was reviewed by CDC,
deemed not research, and was conducted consistent with
applicable federal law and CDC policy.9

Among 117 MIS-C patients with illness onset in 2023, 31
(26%) had onset during August—October, after an increase
in COVID-19 activity earlier in the summer; this finding

*https://www.cdc.gov/mis/index.html

TThe 2023 CSTE/CDC MIS-C case definition differs from the 2020 CDC case
definition in the following conditions: 1) no requirement for duration of fever;
2) a C-reactive protein test result of 3.0 mg/dL is required to indicate systemic
inflammation; 3) respiratory, renal, and neurologic systems are excluded from
organ involvement criteria; 4) shock is added as a separate organ system
manifestation; and 5) SARS-CoV-2 testing now includes time parameters (i.e.,
SARS-CoV-2 viral testing within 60 days of MIS-C hospitalization or serology
test during MIS-C illness).

S For this analysis, 8 months was considered the minimum age by which a child
could plausibly have completed an mRNA primary vaccination series, with
6 months being the earliest possible age at first dose, and <4 weeks from first
dose required to complete the 2-dose primary series, and 28 days between time
since last dose and hospitalization.

945 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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represented a two-thirds increase in case counts compared with
the 19 (16%) cases reported with onset during the preceding
3 months.** Overall MIS-C incidence in 2023 was 0.11 cases
per million person-months (95% CI = 0.10-0.14), represent-
ing an 80% decline in incidence compared with that during
April-December 2022 (0.56 cases per million person-months;
95% CI = 0.51-0.62), and a 98% decrease from the peak of
6.79 (95% CI = 6.56-7.03) early in the COVID-19 pandemic
(October 2020-April 2021).77

The median age of MIS-C patients with illness onset in
2023 was 7 years (Table), whereas the median age during
February 2020—January 2022 was 9 years, and during April—
December 2022 was 5 yearsSS (1,2). A similar decline in
MIS-C incidence and shift to a younger age group in 2022
was reported in England (5).

Among the 117 MIS-C patients with illness onset in 2023,
68 (58%) had no underlying medical conditions; 58 (50%)
required intensive care unit (ICU)-level care, 40 (34%) expe-
rienced shock, and 31 (27%) experienced cardiac dysfunction.
These prevalences are similar to published national MIS-C
surveillance data for 2,116 cases reported during July 9, 2021
January 31, 2022 (52% requiring ICU-level care, 38% with
shock, and 29% with cardiac dysfunction), and are improved
compared with data for cases reported for the total 4,470 cases
during the earliest part of the pandemic, from February 19,
2020—-]July 31, 2021 (63% requiring ICU-level care, 45% with
shock, and 31% with cardiac dysfunction) (7,2).

** heeps://covid.cde.gov/covid-data-tracker/#mis-national-surveillance (Accessed
March 11, 2024).

T SARS-CoV-2 surveillance data were used to define variant-predominant
periods, allowing for 2 weeks to MIS-C onset from when a variant exceeded
50% circulating lineages. Variant-predominant period (dates), number of
MIS-C cases, and incidence (cases per 1,000,000 person-months with 95% CI)
were defined as follows: pre-Delta (October 15, 2020-April 5, 2021):
n = 3,284, incidence = 6.79; 95% CI = 6.56-7.03; Delta (July 10-December 24,
2021): n = 2,300, incidence = 4.90; 95% CI = 4.70-5.10; Omicron BA.1/BA 1.1
(January 1-April 8, 2022): n = 1,149, incidence = 4.21; 95% CI = 3.98-4.46;
Omicron BA.2/BA.4/BA.5 (April 9-December 31, 2022): n = 422,
incidence = 0.56; 95% CI = 0.51-0.62; and 2023 Omicron subvariants
(January 1-December 31,2023): n= 117, incidence = 0.11; 95% CI = 0.10-0.14.

9 SARS-CoV-2 surveillance data were used to define variant-predominant
periods, allowing for 2 weeks to MIS-C onset from when a variant exceeded
50% circulating lineages. Variant-predominant period (dates) and median age
(with IQR) were defined as follows: pre-Delta (October 15, 2020-April 5,
2021): median age = 9.2 years, IQR = 5.4-13.1 years; Delta (July 10—
December 24, 2021): median age = 9.1 years, IQR = 5.5-12.3 years;
Omicron BA.1/BA 1.1 (January 1-April 8, 2022): median age = 7.5 years,
IQR = 4.1-11.5 years; Omicron BA.2/BA.4/BA.5 (April 9-December 31,
2022): median age = 5.4 years, IQR = 2.8-9.8 years; and 2023 Omicron
subvariants (January 1-December 31, 2023): median age = 6.9 years;
IQR = 3.4-11.5 years.
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TABLE. Characteristics of patients with multisystem inflammatory
syndrome in children reported to CDC (N = 117)* — United
States, 2023

TABLE. (Continued) Characteristics of patients with multisystem
inflammatory syndrome in children reported to CDC (N = 117)* —
United States, 2023

Characteristic No. (%) Characteristic No. (%)
Age, yrs, median (IQR) 6.9 (3.4-11.5) Treatment
Age group, yrs Intra\{enous immunoglobulin 100 (85.5)
<1 8(6.8) Steroids 94 (80.3)
1-4 34(29.1) Hospital course and outcomes
5-11 50 (42.7) Oxygen, high flow nasal cannula 20(17.1)
12-15 17 (14.5) Invasive mechanical ventilation 3(11.1)
16-20 8(6.8) CPAP or BiPAP 4(3.4)
Male sex 72 (61.5) Extracorpor.eal membrane qugenation 2(1.7)
. No. of days in hospital, median (IQR) 4(3-7)
RaFe and e“?""'“,’ ICU-level care111 58 (49.6)
Asian, non-Hispanic 8 (6.8) Death 3(2.6)
Black or African American, non-Hispanic 30 (25.6) .
White, non-Hispanic 40 (34.2) Reported COVID-19 chcnrliilfn st.a\tus
Hispanic or Latino 27(23.1) (among 1 1'2 age-eligible patients)
Other race$ 7(6.0) No vfa\ca.natlon . 92 (82.1)
. Vaccination (any dose) received 20(17.9)
U.S. Census Bureau region 1 dose receivedtttt 4(3.6)
Nc?rtheast 11(9.4) 2 doses received 11(9.8)
Midwest 25(21.4) >3 doses received 5 (4.5)
South 55(47.0) >12 mos from last vaccine dose to MIS-C onset 12 (60.0)
West 26(222) (among 20 vaccinated patients)
Underlying medical conditions" Time from most recent vaccine dose to MIS-C onset, 401 (247-511)
None 68 (58.1) no. of days, median (IQR)
g:lfr?é lung disease (including asthma) ?g g; ‘7‘; Abbreviations: ALC = absolute lymphocyte count; BiPAP = bilevel positive airway
. " pressure; CPAP = continuous positive airway pressure; CSTE = Council of State
Neurplog|c or neurom.uscular or developmental condition 9(7.7) and Territorial Epidemiologists; ICU = intensive care unit; MIS-C = multisystem
Cardiovascular condition ) 6(5.1) inflammatory syndrome in children; PCR = polymerase chain reaction.
Immunosuppressive disorder or malignancy 2(1.7) * https://www.cdc.gov/mis/index.html
SARS-CoV-2 testing T Five patients were reported as race or ethnicity unknown or refused to answer.
Positive antibody test result (among 93 patients 88 (94.6) $ Patients defined as Other race were those who identified as non-Hispanic
tested by serology) multiple race (one), Native Hawaiian or other Pacific Islander (two), or non-
Positive PCR or antigen test result (among 88 patients 27 (30.7) Hispanic other (four).
tested by PCR or a?]tigen) 9%ep 9 No children with diabetes mellitus or sickle cell disease were reported;
: obesity was ascertained by clinician diagnosis of obesity or body mass
Orga.n system involvement index-based obesity (calculated only in children aged >2 years).
Cardiac** 1t 63(53.8) ** Per 2023 CSTE/CDC MIS-C surveillance case definition. https://www.cdc.
Elevated troponin 45(38.5) gov/mis/mis-c/hcp_cstecdc/index.html
Cardiac dysfunction (left or right) 31(26.5) t Cardiac involvement indicated by left ventricular ejection fraction <55%;
Left ventricular ejection fraction <55% 21(17.9) coronary artery dilatation, aneurysm, or ectasia; or troponin elevated above
Coronary artery dilatation, ectasia, or aneurysm 22(18.8) normal laboratory range, or indicated as elevated in a clinical note.
Pericardial effusion or pericarditis 14 (12.0) 55 Shock indicated in a clinical note or receipt of vasopressors.
Myocarditis 13(11.1) 19 Platelet count <150,000 cells/uL or ALC <1,000 cells/uL.
Congestive heart failure 2(1.7) *** Abdominal pain, vomiting, or diarrhea.
Shock*#5§ 40 (34.2) Tt Other abdominal involvement was defined as having colitis or enteritis,
o hepatomegaly or splenomegaly, liver failure, intussusception, or free fluid.
Hematologic** ) 63(53.8) 585 Rash, inflammation of the oral mucosa, conjunctivitis or conjunctival
Thrombocytopenia (platelets <150,000 cells/uL) 37(31.6) injection, or extremity findings (erythema [redness] or edema [swelling] of
Lymphopenia (ALC <1000 cells/uL) 34(29.1) the hands or feet).
Gastrointestinal***** 104 (88.9) 1991CU-level care was defined as having a documented ICU admission or having
Other abdominal involvementttt 12(10.3) received ICU-level care including mechanical ventilation, vasopressor
Mesenteric adenitis 3(2.6) support, or extracorporeal membranous oxygenation.
Appendicitis or inflamed appendix 2(1.7) **** Atotal of 112 patients were age-eligible for vaccination at the time of illness
Cholecystitis or inflamed gallbladder 1(0.9) onset. Eight months was considered the minimum age at which a child
<%,555 could plausibly have received 2 doses of a primary mRNA vaccination series,
Mucocutaneous** 104 (88.9) with 6 months being the earliest possible age at first dose and <4 weeks
Other symptoms or complications reported from first dose required to complete a 2-dose primary series, and 28 days
Cough 44 (37.6) between time since last dose and hospitalization.
Neck pain 26(22.2) 1t One age-eligible patient was reported to have received 2 COVID-19 vaccine
Shortness of breath 23(19.7) doses; however, the second dose was received <14 days before onset of
Encephalopathy 4 (3.4) MIS-C; therefore, the child was categorized as having received only 1 dose
Meningitis or encephalitis 1(0.9) before iliness onset.
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Summary

What is already known about this topic?

Multisystem inflammatory syndrome in children (MIS-C) is
a rare but serious condition typically occurring 2-6 weeks
after SARS-CoV-2 infection and characterized by fever and
multiorgan involvement.

What is added by this report?

MIS-C incidence has decreased from early in the COVID-19
pandemic (highest in late 2020-early 2021), but cases continue
to occur with a recent relative increase in the fall of 2023 after a
period of increased COVID-19 activity in the general population.
Among 117 patients with MIS-C in 2023, approximately one half
required intensive care unit-level care. More than 80%

(92 of 112) of MIS-C cases were in vaccine-eligible but
unvaccinated children, and among the 20 vaccinated children,
60% likely had waned immunity at the time of MIS-C illness.
What are the implications for public health practice?

MIS-C cases continue to occur but at low rates, making ongoing
surveillance valuable. COVID-19 vaccination remains important
for preventing MIS-C.

Three (3%) patients with MIS-C died in 2023. Although
112 (96%) patients were age-eligible for COVID-19
vaccination, only 20 (18%) had documented receipt of
any COVID-19 vaccine. Among the 48 vaccine-eligible
patients with underlying medical conditions, nine (19%) had
documented receipt of any COVID-19 vaccine. Among the
20 patients who had received COVID-19 vaccination, 12
(60%) received their last dose >12 months before MIS-C onset.

Conclusions and Recommendations

MIS-C continues to occur, but at low rates compared with
those observed early in the COVID-19 pandemic. MIS-C inci-
dence has declined, a recent shift to cases in younger children
has occurred, and clinical characteristics have evolved. The
reported 2023 incidence is likely an underestimate because
jurisdictional reporting of MIS-C cases with illness onset in
2023 is incomplete, and case counts and incidence might also
be affected by the change in case definition that occurred that
year. Changes might also reflect changing SARS-CoV-2 popu-
lation immunity from vaccination and previous infection, and
characteristics of the predominant circulating SARS-CoV-2
variants. Clinicians should recognize that MIS-C might occur,
especially during and after periods of increased COVID-19
activity, and should be familiar with treatment guidelines.99
Continued reporting of MIS-C cases to jurisdictional health

I heeps://www.covidl9treatmentguidelines.nih.gov/management/
clinical-management-of-children/hospitalized-children-therapeutic-
management-of-mis-c/
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departments is important to monitor trends and patients’
demographic and clinical characteristics. MIS-C patients with
illness onset in 2023 were predominantly unvaccinated chil-
dren and those whose vaccine-induced immunity had likely
waned. COVID-19 vaccination remains an important tool for
preventing MIS-C. CDC recommends that all children aged
>6 months stay up to date with COVID-19 vaccination to
protect against serious COVID-19 illness and complications,
including MIS-C.
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Notes from the Field

Measles Outbreak — Cook County, lllinois,
October-November 2023

Kelley Bemis, MPH!; Mabel Frias, MPH!; Sheila Giovanni, MPH!;
Tarek Shackour, MSHC!; Heather D. Reid?; Jodi Morganz;
Michael TeKippe, MD, PhD3; Demian Christiansen, DSc!

On October 10, 2023, the Cook County Department of
Public Health (CCDPH) in Illinois was notified by hospital A,
a large pediatric facility, of a suspected measles case in a child
aged 2 years (patient A) who had immigrated from Yemen on
September 29 and who had no history of receipt of measles,
mumps, and rubella (MMR) vaccine. The child visited hospi-
tal A’s emergency department (ED) on October 5 with fever,
cough, and coryza and, after receipt of negative COVID-19,
influenza, and respiratory syncytial virus test results, received
a diagnosis of an unspecified viral illness. On October 8, the
child visited hospital B’s ED with worsening respiratory symp-
toms and received a positive rhinovirus/enterovirus test result
on a respiratory pathogen panel, after which the child was
transferred to hospital A and admitted for respiratory distress
related to bronchiolitis and underlying reactive airway disease.
The next day, while hospitalized, the child developed a macu-
lopapular rash. On October 10, the child’s family reported
contact with a person with clinically diagnosed measles before
U.S. arrival.* Measles was confirmed by real-time reverse
transcription—polymerase chain reaction (RT-PCR) testing on
October 11; the child was discharged the same day.

Investigation and Outcomes
During the child’s October 5-11 health care encounters,
247 health care workers' and 177 patients and patient com-
panions® were considered to have been exposed, including
13 children aged <1 year, five immunosuppressed children,
and one child aged >1 year with no history of MMR vaccina-
tion. Among these 19 children, two received a dose of MMR

*The patient with clinically diagnosed measles was an extended family member
of a similar age as the index patient. The exposure occurred in Yemen on
September 24 or 25.

T All health care workers had either received 2 doses of MMR vaccine or had
titers documenting immunity. One health care worker who had received 3
MMR vaccine doses was considered susceptible based on titer results; this
worker was excluded from work and monitored for 21 days, during which time
measles did not develop.

S Immunity status was verified for 174 exposed patients and patient companions;
three patients were lost to follow-up. Among the 174 patients with available
information, 105 (60%) had documented proof of immunity (including two
patients who received MMR vaccine within 72 hours of exposure). The
remaining 69 (40%) persons were offered postexposure prophylaxis, if eligible;
advised to quarantine (not attend work, school, or a child care facility); and
were monitored for 21 days. None developed measles.
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vaccine within 72 hours of the exposure, and 13 received
immune globulin.

The index patient’s household contacts included two siblings
with no history of MMR vaccination and with serologic test-
ing indicating measles susceptibility. One sibling, aged 4 years,
(patient B) arrived in the United States at the same time as the
index patient (September 29). The second sibling, aged 9 years,
(patient C) had arrived in the United States in January 2023.
Both siblings developed measles while in quarantine with rash
onsets on October 22 (patient B) and November 1 (patient C).
Patient B also reported fever, cough, coryza, and conjunctivitis;
patient C also reported fever. Neither child was hospitalized,
although patient B required an ED visit at hospital A for sup-
portive care. On October 17, exposure notification letters were
delivered to all residents in the apartment building where the
index patient lived.

On October 30, hospital A notified CCDPH of another
child, aged 2 years, (patient D) who had been evaluated in an
ED early that morning with fever, cough, and coryza, then
discharged. The family of that child lived in the same 2-story
apartment building as the index patient, but on a different
floor. Patient D had no history of MMR vaccine; the child’s
parents reported objections to MMR vaccine based on personal
beliefs and perceptions about vaccine side effects. Measles was
confirmed in this child by RT-PCR testing on October 30; rash
onset occurred on November 1. The families of patients A—C
and patient D had different cultural backgrounds from one
another and spoke different primary languages; both families
independently reported no contact with the other family. Their
apartment units did not have shared ventilation; however,
laundry facilities and building entrances were shared.

On October 31, testing was also performed for a sibling of
patient D, a child aged 1 year (patient E), also with no history
of MMR vaccine, who had isolated coryza and who attended a
child care facility¥ on October 30 while symptomatic; a naso-
pharyngeal swab collected in the home confirmed measles by
RT-PCR testing. Attendees and staff members of the child care
facility were notified the same day. One child aged 2 months
received immune globulin, one child aged 11 months received

91llinois state law mandates age-appropriate MMR vaccination for children
attending schools and child care facilities; however, families with religious
objections can obtain an exemption. None of the children in the family of the
index patient were attending school or a child care facility at the time of the
investigation. The director of the child care facility attended by patients D and
E reported that a religious exemption form had been submitted for both
unvaccinated children; however, despite multiple requests from CCDPH, copies
of these forms were not provided.
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1 dose of MMR vaccine, and 11 children who had received
their first MMR vaccine dose received an early second dose as
post-exposure prophylaxis.** Fever in patient E did not occur
until November 6, and rash did not appear until November 9,
which was 9 days after the positive RT-PCR test result and
child care facility notification."" Measles testing is indicated for
susceptible contacts of measles cases when the contact has pro-
dromal symptoms (i.e., fever, cough, coryza, or conjunctivitis);
however, isolated coryza experienced by this patient at the time
of specimen collection might not have been related to measles.
Because testing for measles before fever onset is not typically
performed, an accurate infectious period for this patient was
difficult to ascertain. Patient E’s symptoms resolved without
requiring emergency care or hospitalization. This activity was
reviewed by CDC, deemed not research, and was conducted
consistent with applicable federal law and CDC policy.5S

Preliminary Conclusions and Actions

In this community outbreak, five children developed measles.
Although all patients were eligible to have received MMR vac-
cine before their exposures, none had been vaccinated because
of cultural barriers, limited access to care, and vaccine refusal.
Whereas previous measles outbreaks in the United States
have primarily occurred in underimmunized communities
with highly interconnected social networks (1), neither of the
affected families described in this report was part of a similar
close-knit social community, and vaccination coverage data for
the patients’ sociocultural groups were not available. Public
health responses have typically required tailored approaches that
include developing culturally appropriate education materials,
securing translation services, and building relationships with
community leaders (2). These efforts are time-consuming and
costly, with a median cost per measles patient of approximately
$33,000 during 2004-2017 (3). This outbreak is a reminder that
measles is highly contagious, and transmission can occur between
children who are not social contacts. Outbreaks might become
more common as global measles cases continue to rise () and
the number of children with exemptions to childhood vaccines
increases (5). Clinicians should consider measles in susceptible
patients with febrile rash illness and clinically compatible measles
symptoms. All eligible children and susceptible adults should
receive 2 appropriately spaced doses of MMR vaccine to prevent
measles and measles outbreaks. Y9

** MMR vaccine was administered within 72 hours after exposure; immune
globulin was administered within 6 days after exposure.

T Measles patients are typically considered infectious from 4 days before through
4 days after rash onset.

§$ 45 C.ER. part 46.102(1)(2), 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.

99 https:/[www.cdc.gov/vaccines/vpd/mmr/public/
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Summary

What is already known about this topic?

Measles is a highly contagious vaccine-preventable disease.
In the United States, 2 doses of measles, mumps, and rubella

(MMR) vaccine are recommended for all children aged
12-15 months and 4-6 years.

What is added by this report?

During October 5-November 1, 2023, five measles cases
occurred in unvaccinated, vaccine-eligible children aged
1-9 years who lived in the same apartment building but
did not socialize with one another. During the outbreak,
approximately 400 persons were exposed to measles,
including 13 children aged <1 year.

What are the implications for public health practice?

Two doses of appropriately spaced MMR vaccine are
recommended for all children and other susceptible persons
to prevent measles cases and outbreaks.
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Morbidity and Mortality Weekly Report

Erratum

Vol. 72, No. 36

The report, “Reduced Odds of Mpox-Associated
Hospitalization Among Persons Who Received JYNNEOS
Vaccine — California, May 2022-May 2023” contained
several errors.

On page 994, in Table 1, the total number of unvaccinated
mpox cases should have read n = 3,845. Under the Gender
identity characteristic, the p-value for the Female category
should have read 0.122, the p-value for the Genderqueer or
non-binary category should have read 0.107, the p-value for
the Male category should have read 0.021, the p-value for
the Transgender female category should have read 0.058, and
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the p-value for the Declined to answer category should have
read <0.001. Under the Race and ethnicity characteristic, the
p-value for the AI/AN category should have read 0.272, the
p-value for the Asian category should have read 0.644, the
p-value for the Black or African American category should
have read 0.002, the p-value for the NH/OPI category should
have read 0.451, and the p-value for the Multiple races cat-
egory should have read 0.003. Under the Sexual orientation
characteristic, the p-value for the Declined to answer category
should have read 0.009, and the p-value for the Orientation
not listed category should have read 0.057.
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