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zoonotic transmission are lacking in the literature.
Zoonotic transmission from bovids is thought to oc-
cur via consumption of contaminated milk (10). The
zoonotic potential of P. cutis is unclear; infectivity is
probably similar to that of other Prototheca spp.

Our report of P. cutis isolation from a cat reinforces

protothecosis as an emerging infectious disease of hu-
mans and animals. We emphasize the potential of P.
cutis to infect presumably immunocompetent hosts.
The veterinary and human medical communities
should be aware of the unusual clinical, pathologic,
and microbiological manifestations of protothecosis.
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N

vironmental organisms and can lead to chronic pul-
monary disease (1-5). The accuracy of International

Nontuberculous mycobacteria infection is increasing in
incidence and can lead to chronic, debilitating pulmo-
nary disease. We investigated the accuracy of diagno-
sis code—based nontuberculous mycobacteria lung dis-
ease claims among Medicare beneficiaries in the United
States. We observed that these claims have moderate
validity, but given their low sensitivity, incidence might be
underestimated.

ontuberculous mycobacteria (NTM) infection is
an illness of increasing incidence caused by en-
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Classification of Diseases (ICD) diagnosis codes for
NTM infection has been evaluated only in limited
fashion (6) and is unknown in the context of bronchi-
ectasis, which most patients with pulmonary NTM
infection have (7,8). We investigated the accuracy of
ICD diagnosis codes for NTM infection among Medi-
care beneficiaries in the United States by using the
Bronchiectasis and NTM Research Registry (BRR) as
the reference standard.

We identified persons with a diagnosis of bron-
chiectasis (ICD Ninth Revision, Clinical Modification
[ICD-9-CM], codes 494.0 or 494.1) from 2006-2014
Medicare data. BRR is a database of persons with
bronchiectasis, NTM infection, or both at 13 US medi-
cal institutions (8). BRR captures clinical data from
the 24-month period before enrollment and at annual
follow-ups. We matched study participants enrolled
at 7 BRR sites to Medicare data (9). Medicare observa-
tion began on the later date of either enrollment or
data-start (January 1, 2006) and ended on the earlier
date of either coverage-end or data-end (December
31, 2014). We included study participants with an
overlap in BRR and Medicare observation, excluding
claims or cultures outside this overlap.

We established a primary case definition of an
NTM infection as >1 inpatient discharge or outpatient
visit coded 031.0 (pulmonary mycobacterial infec-
tion) assigned by a clinician; we also established alter-
native definitions (Table). For the primary and each
alternative case definition, we calculated positive
predictive value (PPV) as the proportion of Medicare
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claim-based NTM infections meeting the BRR case
definition +12 months of the first claim. Sensitivity
was calculated as the proportion of patients meeting
the BRR case definition who had a claim for NTM in-
fection within +12 months of meeting that definition.
All analyses were performed by using SAS statistical
software 9.4 (SAS Institute Inc., https://www.sas.
com). This study was approved by the Institutional
Review Board at Oregon Health & Science University.

Of the 530 Medicare beneficiaries also enrolled in
BRR at the 7 sites, 457 (86.2%) were matched (Figure).
Our final analytic sample included 403 participants
who averaged 73.5 years of age (range 62-98 years,
SD 6.2) and were mostly women (80.4%) and White
(95.8%). Of the 403 participants, 205 (50.9%) had >1
NTM infection claim based on a diagnosis code as-
signed by a clinician.

We observed that diagnosis code-based claims
have moderate validity for identifying NTM infec-
tion. Our primary case definition had a PPV of 63.2%
(95% CI157.1%-69.4%) (Table) and was 69.9% (95% CI
63.9%-75.9%) sensitive in detecting NTM infection
within £12 months of the first claim date. PPV was
maximized when a second claim was required and
codes restricted to those assigned by an infectious
disease specialist. In a previous study, the microbi-
ologic NTM infection case definition (1) had a high
PPV (77%) and yielded maximized sensitivity and
PPV when combined with ICD-9-CM codes (6). Our
results were similar in that NTM infection codes had
fairly high PPVs but lower sensitivity.

Table. Positive predictive value and sensitivity of ICD-9-CM diagnosis code—based case definitions for NTM infection in 2006—2014
Medicare data by using Bronchiectasis and NTM Research Registry as reference standard, United States®

No. participants with
diagnosis-based
Medicare claim for

No. participants
meeting BRR case
definition for NTM

NTM case definitiont NTM infection PPV (95% Cht infection§ Sensitivity (95% CDY
Primary definition: ICD-9-CM 031.0
All clinician-given codes# 234 63.2 (57.1-69.4) 226 69.9 (63.9-75.9)
ID specialist— and pulmonologist-given 205 65.4 (58.9-71.9) 226 61.5 (55.2-67.9)
codes only
ID specialist—given codes only 127 70.1 (62.1-78.0) 226 39.8 (33.4-46.2)
Pulmonologist-given codes only 133 60.9 (52.6-69.2) 226 36.7 (30.4-43.0)

Secondary definition: ICD-9-CM 031.0, requiring a second 031.0 claim >30 d but <12 m of first claim

All clinician-given codes 122 72.1 (63.3-79.9) 226 41.6 (35.2-48.0)
ID specialist— and pulmonologist-given 100 74.0 (64.3-82.3) 226 33.2(27.1-39.7)
codes only

ID specialist—given codes only 45 82.2 (71.1-93.4) 226 16.4 (11.6-21.2)
Pulmonologist-given codes only 44 70.5 (57.0-83.9) 226 13.3 (30.4-43.0)

*BRR, Bronchiectasis and NTM Research Registry; NTM, nontuberculous mycobacteria; ICD-9-CM, International Classification of Disease, Ninth Version,

Clinical Modification; ID, infectious disease; PPV, positive predictive value.

1Only ICD-9-CM 031.0 code (pulmonary mycobacterial infection) was considered; other codes for NTM (031.8 [other specified mycobacterial diseases]

and 031.9 [unspecified disease due to mycobacteria]) were not considered.

PPV for meeting a case definition for NTM infection in BRR within +12 months of first ICD-9-CM NTM code-cased claim (code 031.0).
§NTM cases were identified in BRR on the basis of culture positivity on >1 respiratory specimen or antibiotic treatment for NTM during follow-up (a

macrolide plus >1 antibiotic drugs).

{ISensitivity for an ICD-9-CM NTM code—based claim within +12 months of meeting a case definition for NTM infection in BRR.
#Clinician types include physicians, physician assistants, and nurse practitioners, excluding radiology or laboratory-associated claims.
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Figure. Flow diagram of the analytic sample (n = 403) of Medicare
beneficiaries and persons from BRR matched during 2006—-2014,
United States. Original pool of Medicare beneficiaries (n = 530)
included beneficiaries of Medicare parts A, B, and D but not C and
excluded those with cystic fibrosis and a history of HIV or organ
transplant. BRR, Bronchiectasis and NTM Research Registry.

False-positive diagnosis codes could be caused by
several factors. The Medicare population includes per-
sons with chronic illness whose records might include
codes from previous NTM infections, but we could not
evaluate this possibility because of limited claims data
before BRR baseline. More than half of study partici-
pants with false-positive codes had negative cultures,
indicating that the code was applied for NTM evalu-
ation or monitoring in the absence of active disease.
Higher PPVs, when restricted to specialist-assigned
codes, imply that general clinicians might be more
likely to assign the disease code when disease criteria
are not met. The poor sensitivity was not unexpected;
NTM infection is frequently underdiagnosed and mis-
coded as a nonpulmonary NTM or other infection. Our
case definition required 1 positive culture, whereas
current diagnostic guidelines require 2; of study par-
ticipants meeting our case definition, 35% had a sec-
ond positive culture within 12 months.

A limitation of our study is that we only included
Medicare beneficiaries >65 years of age with bronchi-
ectasis; also, BRR collects data from specialized NTM
centers, which might differ from general clinic set-
tings. Our Medicare data ended in 2014, limiting the
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sample size and overlap with BRR observation time.
Last, we only evaluated ICD-9-CM codes, although
ICD Tenth Revision, Clinical Modification (ICD-10-
CM), codes have been required since 2015 (10). How-
ever, understanding the validity of ICD-9-CM codes
is essential for interpretation of the existing literature
that is based on ICD-9-CM codes and to inform fu-
ture research using ICD-10-CM codes. Further, ICD-
9-CM codes for NTM map directly to ICD-10-CM
codes (ICD-9-CM 031.0 equates to ICD-10-CM A31.0
[pulmonary mycobacterial infection]), helping guide
future comparisons.

Our results indicate that a case definition of >2
claims given 30 days apart within 12 months of each
other accurately identifies pulmonary NTM infec-
tion in patients who also have bronchiectasis. Given
low sensitivity, incidence might be severely under-
estimated in claims-based epidemiologic research.
Claims data provide critical information about the
epidemiology of NTM infection when clinical data
are not available, but findings should be interpreted
with awareness of the potential for misclassification.
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We surveyed availability of phenotypic drug susceptibility
testing for drug-resistant Mycobacterium tuberculosis in
Europe. Of 27 laboratories, 17 tested for linezolid, 11 for
clofazimine, 9 for bedaquiline, and 6 for delamanid dur-
ing 2019. Our findings indicate that testing capacity for
newer and repurposed tuberculosis drugs exists, but its
availability is limited.

Mycobacterium tuberculosis is a major cause of death
globally, and increasing predicted deaths from
tuberculosis (IB) are caused by delays in diagnosis
and treatment of new cases associated with coronavi-
rus disease containment measures (1). Drug-resistant,
multidrug-resistant (MDR), and extensively drug-re-
sistant (XDR) TB remain major public health issues ().

In the World Health Organization European Re-
gion, the proportion of rifampin-resistant and MDR
TB is greater than the global average. New drug
regimens incorporating bedaquiline, clofazimine,
linezolid, and delamanid to treat MDR and XDR
TB have been recommended by the World Health
Organization and are being implemented globally
(2). For newer and repurposed drugs (NRDs), phe-
notypic drug susceptibility testing (pDST) is not yet
fully standardized because of a lack of data for epi-
demiologic cutoff values. In addition, genomic DST
(gDST) lacks sensitivity, and genetic mechanisms
of drug resistance have yet to be fully established
for NRDs (3).

There have been issues with procuring pure sub-
stances for testing and availability of resistant iso-
lates (non-XDR strains) for validation of assays. The
widely used BACTEC mycobacteria growth indicator
tube (MGIT) technology (Becton Dickinson, https://
www.bd.com) has not been calibrated against a refer-
ence standard protocol and is not fully validated for
second-line drugs, highlighting the need for sustain-
able external quality assessment (EQA) schemes. For
well-tolerated compounds, (i.e., moxifloxacin), phe-
notypic and genotypic resistance prediction using
current interpretive guidance might be discordant,
leading to uncertainty about clinical efficacy.

Availability of pDST for bedaquiline, clofazi-
mine, linezolid, and delamanid in Europe is un-
known, which is of concern in areas that have higher
incidences of drug resistance, such as eastern Europe.
Within a framework of EQA schemes implemented
by the European TB Reference Laboratory Network
and coordinated by the European Centre for Disease
Prevention and Control, we performed a survey on
the availability and performance of pDST for NRDs in
European Union/European Economic Area laborato-
ries during 2018-2019.
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