cases of pulmonary infection, although sensitivity to ri-
fampin and quinolones yielded various results (2—4). Drug
susceptibility testing indicated that the isolate we obtained
was resistant to ethambutol and rifampin. However, in ge-
netic analyses, mutations associated with ethambutol and
rifampin resistance were not detected. According to the
Comprehensive Antibiotic Resistance Database, our isolate
was resistant to fluoroquinolone, but drug susceptibility
test results were inconsistent. Our results indicate that drug
susceptibility testing should be performed for M. marseil-
lense to guide antimicrobial drug treatment. If drug suscep-
tibility results are absent, treatments including macrolides
and amikacin appear to be reasonable.
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We evaluated rotavirus vaccination rates in the United
States by using records from a nationwide health database.
From data on 519,697 infants, we found 68.6% received the
entire rotavirus vaccine series. We noted pockets of under-
vaccination in many states, particularly in the Northeast and
in some western states.

Vaccination coverage in the United States frequently
is evaluated with telephone and mailed surveys (/).
However, telephone response rates have declined over the
past 2 decades (2) and parents who choose not to vac-
cinate their children might be less likely to participate
in surveys (3).
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The Advisory Committee on Immunization Practices
(ACIP) recommends routine vaccination among US infants
to prevent rotavirus infection, the most common cause of
gastroenteritis in children worldwide (4). We designed a
study to evaluate rotavirus vaccination rates using nation-
wide health insurance records.

We conducted a longitudinal study of rotavirus vac-
cination rates during January 1, 2010-June 30, 2017. We
obtained deidentified data from Clinformatics Data Mart
(Optum, https://www.optum.com), an integrated database
containing demographic, service type (inpatient and out-
patient), medication, and laboratory data for ~77.8 million
privately insured persons of all ages across 50 states. We
included data on infants (<1 year of age) with continuous
health insurance enrollment from birth to 1 year of age and
an available residential ZIP code. We determined completion
of the rotavirus vaccine series by using Current Procedural
Terminology (CPT) codes and data on vaccine administra-
tion, including vaccine type, date, and location. Vaccine
completion requires 2 doses of monovalent Rotarix (Glaxo-
SmithKline, https://www.gsk.com; CPT 90681) or 3 doses
of pentavalent RotaTeq (Merck and Company, https://www.
merck.com; CPT 90680). To evaluate geographic variation,

we used the first 3 digits of residential ZIP codes and ex-
cluded areas with <20 infants to provide stability of the es-
timates. The study was reviewed and deemed exempt by the
institutional review board of the University of Michigan.

We identified 526,376 infants with continuous health
insurance for >1 year during 2010-2017. We excluded
5,708 (1.1%) with no known residential ZIP code and 971
(0.2%) from areas with <20 infants. Our final cohort con-
tained 519,697 eligible infants; 99.8% had no copayment
for vaccine administrations. The number of infants in each
3-digit ZIP code area was 20-9,426 (median 223; inter-
quartile range 85—682).

In our cohort, 68.6% (95% CI 68.5%—68.8%) of infants
completed the rotavirus vaccine series; 15.9% completed
only part of the series, and 15.5% received no rotavirus vac-
cine. Of infants completing the vaccine series, 79% received
RotaTeq, 19% received Rotarix, and 2% received both. The
mean interval between vaccine doses was 64.9 days.

Rotavirus vaccination rates were higher in eastern
states, although some states in the Northeast had low pro-
portions of vaccination (Figure). Alaska had considerably
lower vaccination rates, ranging from 17% to 28%. Series
completion was lowest in northeastern Wyoming at 9%

<20
[]20-39

[ 40-59
[ 60-79

I >80
[] Not available

Figure. Percentage of infants (<1 year of age) covered by private health insurance who completed the rotavirus vaccination series in the

United States, 2010-2017.
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(95% CI 4%—17%) and highest (>80%) in upstate New
York, several areas of Pennsylvania, and 1 suburb of San
Francisco, California.

Rotavirus vaccination coverage varied considerably
across the United States, with pockets of undervaccination
in many states. National Immunization Survey (NIS) data
show =59.2% of infants completed the rotavirus vaccine
series in 2010 and ~73.2% completed the series in 2017
(1,5). Our overall estimate was 68.6% during 2010-2017
among privately insured infants. However, we note several
differences in these samples. NIS used a nationwide sample
of 15,333 children in 2017, whereas our study used 34x
that number (519,697), giving us an opportunity to assess
vaccination rates in local areas. NIS weights for nonpar-
ticipation but could underestimate coverage rates in less
densely populated areas (6). Our use of deidentified data
rather than telephone surveys might provide an opportunity
to include vaccine-hesitant populations (3). However, our
sample does not shed light on vaccination rates in children
covered under Medicaid or the Children’s Health Insurance
Program or those with no insurance coverage.

Parents’ decision to vaccinate their children involves a
complex interplay between advice from family and friends;
school and institutional mandates; experience with health-
care professionals; personal beliefs; and social impacts, in-
cluding media coverage, access, and transportation issues
(7). The geographic variation in vaccination rates we found
might reflect some of these determinants. For instance, low
coverage in remote areas may reflect an inability to travel to
providers; lower overall vaccination rates have been found
in children living in rural areas (/,8). Because 99.8% of our
cohort did not have a copayment, we do not believe there
was financial disincentive, but other financial obstacles
could exist. Previous studies suggest rotavirus vaccination is
lower among persons with public or no insurance (9). There-
fore, vaccination rates might be <68% in geographic regions
with a high number of uninsured or underinsured children.

The 15.9% of infants in our cohort who did not com-
plete the vaccination series could reflect an inability to
meet the start- and end-date requirements. Rotavirus vacci-
nation has an exceptionally narrow window of administra-
tion; ACIP recommends the first dose at <15 weeks of age
and conclusion of all doses before 8 months of age.

In summary, we found considerable geographic varia-
tion in rotavirus vaccination rates in the United States. We
recommend additional efforts at the local and county levels
to address pockets of rotavirus undervaccination.
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