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Abstract

Background: Carbapenemase-producing, carbapenem-resistant Pseudomonas aeruginosa (CP-
CRPA) are extensively drug resistant bacteria. We investigated the source of a multistate CP-
CRPA outbreak.

Methods: Cases were defined as a U.S. patient’s first isolation of 2 aeruginosa sequence

type 1203 with the carbapenemase gene b/aypm-go and cephalosporinase gene b/aggs.g from

any specimen source collected and reported to CDC between January 1, 2022—May 15, 2023.
We conducted a 1:1 matched case-control study at the post-acute care facility with the most
cases, assessed exposures associated with case status for all case-patients, and tested products for
bacterial contamination.

Results: We identified 81 case-patients from 18 states, 27 of whom were identified through
surveillance cultures. Four (7%) of 54 case-patients with clinical cultures died within 30 days

of culture collection, and four (22%) of 18 with eye infections underwent enucleation. In the case-
control study, case-patients had increased odds of receiving artificial tears compared to controls
(crude matched OR: 5.0, 95% CI: 1.1, 22.8). Overall, artificial tears use was reported by 61

(87%) of 70 case-patients with information; 43 (77%) of 56 case-patients with brand information
reported use of Brand A, an imported, preservative-free, over-the-counter (OTC) product. Bacteria
isolated from opened and unopened bottles of Brand A were genetically related to patient isolates.
FDA inspection of the manufacturing plant identified likely sources of contamination.

Conclusions: A manufactured medical product serving as the vehicle for carbapenemase-
producing organisms is unprecedented in the U.S. The clinical impacts from this outbreak
underscore the need for improved requirements for U.S. OTC product importers.

Summary

The source of an extensively drug-resistant Psevdomonas outbreak causing significant morbidity
and mortality was a nationally distributed, over-the-counter product. This investigation highlights
the potential for manufactured drugs to be sources of multidrug-resistant organisms and the need
for increased manufacturer oversight.

Introduction

Carbapenemase-producing, carbapenem-resistant Pseudomonas aeruginosa (CP-CRPA) are
an emerging public health threat in the United States (U.S.). These bacteria are often
extensively drug-resistant and are associated with higher mortality infections compared to
non-CP-CRPA. In the U.S., carbapenemases are identified in approximately 2% of CRPA
clinical isolates,? though the proportion is higher in some other countries.134 CP-CRPA
outbreaks in U.S. healthcare settings have primarily described transmission within a single
healthcare facility or patient-sharing network;>6:7 one multistate outbreak, linked to medical
tourism, has been reported.8

A subset of CRPA identified in U.S. clinical laboratories are submitted to public

health laboratories for carbapenem-resistance mechanism testing through the Antimicrobial
Resistance Laboratory Network (AR Lab Network), with timely testing to inform infection
control and public health decision-making.? Since 2021, CDC has prioritized CP-CRPA
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isolates for whole genome sequencing (WGS) to understand the molecular epidemiology of
circulating strains and to inform local (e.g., facility-level) outbreak investigations.

During September 2022, analysis of WGS data from a CP-CRPA outbreak at a post-

acute care facility determined the strain had an unusual combination of genetic features.
The strain was P, aeruginosa sequence type (ST) 1203, harboring the Verona Integron-
mediated metallo-p-lactamase (VIM) variant b/aym-go and the Guiana extended-spectrum
B-lactamase (GES) variant b/aggs.g, neither of which had been previously reported in U.S.
isolates. By mid-October, through retrospective and prospective review of sequenced isolates
from the AR Lab Network, we identified 30 isolates from five states with the same genetic
features that were closely genetically related and from cultures collected since May 2022.
We describe the investigation into the outbreak source.

Initial investigation

We defined a case as a U.S. patient’s first isolation of P aeruginosa ST1203 with b/aym-go
and blaggs.g from any specimen source collected and reported to CDC from January

1, 2022—May 15, 2023. In October 2022, CDC disseminated a national call for clinical
laboratories to submit CRPA isolates not susceptible to ceftazidime or cefepime to the AR
Lab Network for carbapenem resistance mechanism testing and to report VIM-producing
CRPA isolates to public health for further characterization.

The initial investigation included cases identified through November 2022. We collected
data on medical products used in healthcare facilities with cases and patient-level data on
healthcare history, including indwelling devices and medications. To generate hypotheses
about the outbreak source, we conducted a 1:1 matched case-control study at one post-acute
care facility. Controls were identified from facility patients who had a negative screen for
CP-CRPA and no clinical CRPA cultures and were matched to cases based on facility

unit and overlapping dates of admission. Information on medical products, procedures, and
devices were collected from medical records. We used conditional logistic regression to
calculate crude and adjusted odds ratios; potential confounding variables were assessed a
priorithrough directed acyclic graphs (see Supplemental Appendix for detailed methods).

Case Investigation

We collected data on all case-patients nationally using a standardized case report form,
completed with medical records and, when possible, interviews with case-patients or their
proxies. We classified exposure to artificial tears, a hypothesis that emerged from the
case-control study, using tiered definitions to account for limitations in facility tracking
of artificial tears brands received by individual patients and limited recall by outpatients.
Exposure was confirmed if the brand of interest was documented in the medical record or
reported by the case-patient or proxy. Exposure was probable if either (a) the case-patient
received artificial tears in an inpatient facility that used the brand of interest concurrently
with other brand(s) and did not document which specific brand(s) individual patients
received, or (b) if a case-patient reported receiving a recall notice from a company or
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healthcare provider for artificial tears and could not remember the name of the recalled
brand, but described a product compatible with the brand of interest. Exposure was possible
if the case-patient received outpatient healthcare at a facility that was using the brand

of interest during clinical care and/or providing the brand of interest to patients without
documenting which brand(s) each patient received.

Data were collected and managed using REDCap electronic data capture tools hosted at
CDC,10.11 and statistical analyses were conducted in R version 4.1.2.12 This activity was
reviewed by CDC and conducted according to applicable federal law and CDC policy.13-16
This work did not receive any non-CDC funding support.

Traceback & Product Investigation

State and local health departments and the U.S. Food and Drug Administration (FDA)
collected opened and unopened artificial tears products identified in the epidemiologic
investigation from case-patient homes, healthcare facilities, distribution centers, and
pharmacies. Products were cultured for the presence of bacteria and isolates underwent
WGS. We conducted phylogenetic analysis on sequences from case-patients and products
(see Supplemental Appendix for detailed methods).

Additional Control Measures

Results

CDC and FDA disseminated public health communications about investigation findings.
FDA conducted an onsite inspection of the manufacturer identified in the epidemiologic
investigation in accordance with federal regulations.1’

Initial investigation

Most (n=26) cases confirmed prior to November 2022 belonged to three healthcare facility
clusters in three states, which had been investigated as individual facility outbreaks before
they were genetically linked by WGS analysis. One cluster was comprised of eye infections
(n=4 patients) linked to an ophthalmology clinic, and two clusters occurred at post-acute
care facilities (n=19 and n=3 patients), where cases were identified from urine, sputum,

and surveillance rectal swab cultures collected in response to clinical cases. In November
2022, a fourth facility cluster was identified when an additional state reported seven patients
who sought care at the same hospital for CRPA eye infections, three of whom used the

same community health center. No history of healthcare outside the U.S. or interstate patient
transfers were identified.

To generate hypotheses, we conducted a 1:1 matched case-control study with the first 16
cases identified in the largest facility cluster (Supplementary Appendix). Cases had 15 times
greater odds of exposure to sterile water for inhalation than controls (crude matched OR:
15.0, 95% CI: 0.86, 262.6; aOR not calculated), and 5 times greater odds of exposure to
artificial tears than controls (crude matched OR: 5.0, 95% ClI: 1.1, 22.8; aOR: 4.7, 95%

Cl: 0.98, 22.5 [adjusting for mechanical ventilation], Supplementary Appendix, Table S1).
Assessing these exposures across all facility clusters, only case-patients in two of four
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facilities used sterile water for inhalation, and the two facilities reported different sterile
water brands. Case-patients in all four facility clusters used artificial tears; six different
brands were each reported by at least two facilities. Given these findings and the eye
infections associated with two clusters, we focused our investigation on artificial tears.
Throughout the investigation, we explored the possibility of a contaminated ingredient in
multiple products, including sterile water as an ingredient in artificial tears, and did not find
sufficient evidence of manufacturing overlap for reported brands.

Case Investigation

As of May 15, 2023, we identified 81 cases from 18 states (Figure 1). Cultures were
collected from May 1, 2022—-April 6, 2023, with a median of 43 days (range: 14-310

days) between date of specimen collection and case confirmation (Figure 2). Isolates

were extensively drug-resistant; 5 isolates tested at CDC by reference broth microdilution
against an extended panel of antibiotics only demonstrated susceptibility to cefiderocol
(Supplementary Appendix, Table S2). Overall, 54 (67%) cases were identified from clinical
cultures of the eye (n=21, 39%), urinary tract (n=15, 28%), respiratory tract (n=13, 24%),
blood (n=3, 5%), wound (n=1, 2%), and ear (n=1, 2%). Twenty-seven (33%) were identified
from surveillance cultures of rectal swabs (n=26) and sputum (n=1). Case-patient clinical
characteristics and outcomes varied across culture source (Table 1).

Forty-two (84%) of 50 case-patients with the outbreak strain isolated from a clinical

culture and available information had an associated infection documented in the

medical record. These included eye infections ([n=21, 50%], comprising keratitis without
progression [n=12/21, 57%], keratitis with progression to endophthalmitis [n=6/21, 28%)],
panophthalmitis [n=2/21; 9.5%], and unspecified eye infection [n=1/21, 5%]); urinary tract
infection (8, 19%); respiratory tract infection (9, 21%); bacteremia (3, 7%); and otitis media
with osteoradionecrosis (1, 2%). Four (10%) of 39 case-patients with clinical cultures who
had outcome information available died within 30 days of incident specimen collection,

and 4 (22%) of 18 case-patients with eye infections and available information underwent
enucleation. An additional 14 were visually impaired in the affected eye 30 days after
culture collection: 3 (23%) had moderate visual impairment (best corrected visual acuity
[BCVA] <20/70 and >20/200) and 11 (77%) became legally blind (BCVA <20/200 or
limited to hand motion or light perception). Among the 27 case-patients identified through
surveillance cultures, 6 (22%) had subsequent clinical cultures with the outbreak strain
(bloodstream [n=2], respiratory [n=3], urine [n=1]), which were collected a median 152 days
(range: 22-252 days) after the incident surveillance culture.

The use of artificial tears was reported by 61 (87%) of 70 case-patients with information.
Brand information was available for 56 (92%) patients, who collectively reported 39
different brands. Brand A, produced by Manufacturer Y, was reported in all four initial
facility clusters and by 43 (77%) case-patients, who had confirmed (n=22), probable (n=14),
or possible (n=7) use. One additional artificial tears product made by Manufacturer Y, Brand
B, was reported by a single case-patient (Figure 3). No other brand was reported by more
than 25% of patients with available information.

Clin Infect Dis. Author manuscript; available in PMC 2024 October 19.
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Among 22 case-patients who did not report using artificial tears or reported a brand

other than Brands A or B artificial tears, 12 (55%) overlapped temporally and/or spatially
in healthcare facilities with other case-patients or were admitted to healthcare facilities
where Brand A was used and may have acquired the outbreak strain through intra-facility
transmission.

Traceback & Product investigation

Brands A and B artificial tears were preservative-free products produced by Manufacturer Y
at the same site in India, packaged in multi-dose bottles, and sold to U.S. consumers over the
internet and to U.S. healthcare facilities through medical product distributors.

CDC and FDA tested opened (n=17) and unopened (n=18) lots of Brand A artificial tears;
1-149 bottles per lot were tested. 2 aeruginosa ST1203 with blay\-go and blaggs.g was
recovered from 6 lots of opened Brand A, 2 lots of unopened Brand A, and a composite
sample of 2 additional lots of unopened Brand A. Bacteria were isolated from five of

seven (71%) unopened Brand B lots representing two different products, artificial tears (n=4
lots) and artificial eye ointment (n=1 lot), though £ aeruginosa was not recovered (see
Supplemental Appendix Table S4 for bacterial species recovered from Brand B products).

Phylogenetic analysis of 108 isolates from case-patients (n=81) and opened (n=21) and
unopened (n=6) Brand A bottles revealed that they varied by 0-110 single nucleotide
polymorphisms (SNPs), derived from a clonal frame of 6.5 Mb (91.8%) of the reference
genome. The majority (n=105) of the isolates only differed by 0-13 SNPs; two 0-SNP
clusters were comprised of case-patient isolates from multiple states and Brand A product
isolates from opened and unopened bottles (Figure 4). Outbreak isolates clustered distinctly
from other P, aeruginosa ST1203 isolates from the U.S. and other countries (Figure 4).

Additional Control Measures

On January 20, 2023, CDC recommended that clinicians and patients immediately
discontinue use of Brand A Artificial Tears due to potential bacterial contamination
via the Epidemic Information Exchange (Epi-X) network; additional CDC and FDA
communications followed (Figure 2B). On February 2, 2023, Manufacturer Y issued a
voluntary national recall for Brands A and B artificial tears.

FDA conducted an onsite inspection of Manufacturer Y beginning on February 20, 2023 and
found their manufacturing process lacked appropriate procedures and practices to prevent
microbiological contamination.1® On February 24, 2023, Brand B Avrtificial Eye Ointment
was voluntarily recalled by Manufacturer Y based on the systemic nature of the inspection
findings impacting all ophthalmic products at the facility and FDA testing of unopened
Brand B Artificial Eye Ointment that yielded a preliminary non-sterility result. Manufacturer
Y did not export additional products from the manufacturing site to the U.S. nor export
Brands A and B to other countries.

Clin Infect Dis. Author manuscript; available in PMC 2024 October 19.
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Discussion

We used molecular epidemiology to determine that CP-CRPA from diverse specimen
sources in different patient populations constituted a single outbreak. The combination of
epidemiology and laboratory evidence, including the close genetic relatedness of isolates
from case-patients across multiple states and from unopened Brand A product, indicates
Brand A artificial tears was the outbreak source. Transmission of carbapenemase-producing
organisms (CPOs) via a manufactured medical product represents a newly detected modality
for spread in the U.S., with potentially long-term impacts on control of these emerging
pathogens.

According to U.S. FDA regulations, over-the-counter (OTC) ophthalmic drug products

sold in the U.S. must be sterile and multi-use products must contain preservatives,19:20

In our investigation, bacteria isolated from unopened Manufacturer Y products indicate they
were not sterile, and FDA’s inspection of the manufacturer identified multiple deficient
practices that were likely sources of contamination. This was the manufacturer’s first FDA
inspection; under the current U.S. legislative system, foreign-based manufacturers can ship
OTC products without having an FDA inspection.2! To address this gap, FDA proposed
legislative changes for fiscal year 2024 to strengthen regulatory requirements for sterile
manufacturing facility inspections before the distribution of OTC non-application drugs.22
Strengthening foreign manufacturers’ compliance with FDA’s Current Good Manufacturing
Practices?3:24 and improving requirements for U.S. importer accountabilities will ensure that
products are made in accordance with U.S. regulations and may prevent future outbreaks.

The extent to which CPOs spread through contaminated medical products is unclear.
Identification of this outbreak was aided by the outbreak strain’s unique genetic features; a
contemporaneous CPO outbreak in Europe linked to a contaminated antibiotic was similarly
recognized and tracked due to an unusual combination of resistance genes.2> Although the
primary source of CPO transmission in the U.S. remains colonized and infected patients,
these outbreaks raise the question of whether product-related outbreaks of CPOs occur more
frequently than currently recognized but go undetected in the absence of unique genetic
markers. This highlights a need to better characterize use of WGS to identify outbreaks of
these organisms, including relatedness thresholds for identifying possible multistate clusters.

The use of a WGS-based case definition, rather than a more traditional epidemiology
approach based on clinical presentation, place, and time, enabled us to determine isolates
from diverse culture sources and healthcare settings were the same strain and likely had

a common source. In contrast to previous outbreaks linked to contaminated ophthalmic
products that exclusively described ocular infections,26-30 specimen sources in this outbreak
were diverse, with only 26% of cases from eye specimens. Prior 2 aeruginosa outbreaks
linked to contaminated ophthalmic products may have had similar broad clinical impacts
that went unrecognized.

Our investigation reinforces the potential amplification of known infection control and
treatment challenges presented by CPOs when they are spread by a widely distributed
product. First, carbapenemase identification is challenging because it requires specialized

Clin Infect Dis. Author manuscript; available in PMC 2024 October 19.
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testing, which is available through the AR Lab Network if unavailable in clinical
laboratories; however, low suspicion for CRPA to harbor a carbapenemase may deter
isolate submission.® Second, CPO transmission is difficult to control in healthcare facilities;
interventions are labor-intensive, requiring high levels of adherence to infection prevention
measures.3! Our data suggests that intra-facility transmission was the route of exposure for
some case-patients who did not report the use of artificial tears, given the close genetic
reladeness of case-patient isolates. Third, there are likely a large number of individuals
colonized with the outbreak strain that have not been identified. Colonization can persist
for months or years,32 and colonized patients can transmit to others and are at risk of
infection with the colonizing organism. In our investigation, 22% of case-patients identified
through surveillance cultures had subsequent clinical cultures, some more than six months
after colonization was initially identified. The reservoir of colonized individuals created
through widespread product exposure means that we expect to identify additional infections
caused by the outbreak strain despite the product recall. Finally, outbreak isolates that
underwent reference antimicrobial susceptibility testing were only susceptible to cefiderocol,
demonstrating the limited treatment options available for CPOs.

This investigation had multiple limitations. The source of exposure for 10 case-patients who
did not use Manufacturer Y products or share a healthcare facility with other case-patients
is unknown, and 15 case-patients had unknown use of artificial tears or unknown brand.
Exposure ascertainment was challenged by many factors, including the limited number of
case-patient or proxy interviews completed for those who were in the community for part

of the 90-day exposure period. Additionally, case-patients may not have remembered all
artificial tears brands used; notably, six case-patients identified exposure to Manufacturer

Y products only after the products were recalled. Issues of limited recall may have been
exacerbated when case confirmation lagged specimen collection by several months, due

to time-intensive laboratory testing and delays in submission of some isolates for WGS.
While the 90-day exposure window attempted to balance periods of reasonable recall

with potentially long colonization before case detection, the interval between product use
and culture may have exceeded this period for some case-patients, leading to incomplete
exposure data. Patients with eye infections may have been more likely to report ophthalmic
products used compared to those with infections at other sites, introducing differential
misclassification. Ascertainment of patient outcomes was also subject to limitations;
although we used time periods relative to culture dates as proxies for assessing whether
outcomes such as hospitalization and death were associated with clinical cases, it is possible
case-patients were hospitalized for other reasons and case-patients died with, rather than due
to, CP-CRPA infection.

The strengthening of U.S. public health infrastructure to detect and respond to antibiotic
resistant threats enabled us to uncover a hidden outbreak with a novel source, prompting
public health and regulatory actions that averted additional infections, vision loss, and
death. Significant improvements in foreign-based ophthalmic manufacturer adherence to
Current Good Manufacturing Practices may prevent drugs manufactured under suboptimal
conditions from reaching U.S. patients. Additionally, U.S. importers and distributors bear
legal responsibility for ensuring that products sold under their label are manufactured

in accordance with U.S. regulations. The cumulative impact of this outbreak on the

Clin Infect Dis. Author manuscript; available in PMC 2024 October 19.
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dissemination of extensively drug-resistant £ aeruginosain the U.S. may only be fully
realized over the coming years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Number of patients with P aeruginosa ST1203 with blaym-go and blages.g, by state,

January 1, 2022-May 15, 2023.
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Figure 2.

Patients with P aeruginosa ST1203 with blaym-go and blaggs.g by (a) date of
specimen collection and (b) date of confirmation, by specimen type. Key public health
communications are noted in the bottom panel and were informed by the timing of case
confirmation. Abbreviations include Epi-X: Epidemic Information Exchange and HAN:
Health Alert Network.
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Figure Legend
Artificial Tears Exposure Specimen Source

No use ‘ Blood

Unknown use ® Eye
Confirmed use, other % Respiratory tract
brands*

Confirmed use, €9 Urine and Urinary tract
unknown brand
? Surveillance

[7] Possible use, Brand A
B Probable use, Brand A
M Confirmed use, Brand A
Bl Confirmed use, Brand B

ﬂ Other non-sterile sites

*One of 37 other brands reported, not Brand A or B. No other
brand was reported by more than 14 patients.

AOnly Brand A was distributed by the Community Health
Center, but some patients reported using more than one brand.

Artificial tears use among patients with 2 aeruginosa ST1203 with blaym-go and blaggs-g.
Each square or circle represents an individual case-patient with use of artificial tears denoted
by a shape and brand use indicated by color. Due to exposure uncertainty, we developed
tiered definitions for brand exposure, which is shown only for Brands A and B; exposure

to all other brands, regardless of exposure certainty, is shown in white. Exposure was
confirmed if Brand A or B was documented in the medical record or reported by the
case-patient or proxy. Exposure was probable if either (a) the case-patient received artificial
tears in an inpatient facility that used Brand A or B concurrently with other brand(s)

and did not document which brand(s) patients received, or (b) if a case-patient reported
receiving a recall notice from a company or healthcare provider for artificial tears and could
not remember the name of the recalled brand, but described a product compatible with
Brand A or B. Exposure was possible if the case-patient received outpatient healthcare at

a facility that was using Brand A or B during clinical care and/or providing Brand A or

B to patients without documenting which brand(s) each patient received. Case-patients not
in initial clusters who are epidemiologically linked are grouped with black rectangles or
connected with a double-sided arrow.
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Figure 4.
Phylogenetic tree of single nucleotide polymorphism (SNP) analysis of outbreak-related

P, aeruginosa ST1203 with blayv-go and blaggs.g. from 81 case-patient isolates (circular
nodes, colored by state) and 27 isolates from opened and unopened Brand A artificial tears
bottles (square nodes). The tree branch of a single isolate with a hypermutator genotype

is truncated. Inset shows subset of outbreak isolates (circular nodes) clustering distinctly
from other P, aeruginosa ST1203 isolates from both U.S. and international sources including
India, Kenya, and Nepal (triangular nodes).
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Demographics, clinical characteristics, and outcomes of 81 patients with 2 aeruginosa ST1203 with blaym-so

and blaggs.g, by culture source™

All Case- _Other ~
Patients N= Eye,N= Urinary, N= Respiratory, N= Blood, N= clinica,N=" gyryeillance, N

Characteristic 81 21 15 13 3 2f =27
Demographics— n/N (%)
Age (years) 60 (24) 75 (14) 70 (22) 44 (31) 72 (5) 67 (10) 49 (19)
Mean (SD)

Median (range) 63 (0-102) 76 (42— 70 (21-100) 52 (0-83) 74 (67-76) 67 (60-74) 51 (12-87)

102)

Patient Sex—Male 40/80 (50) 9/21 (43) 5/15 (33) 6/12 (50) 1/3 (33) 1/2 (50) 18/27 (67)
Setting of culture collection— n (%)
Inpatient Acute Care 22 (27) 3(14) 8 (53) 8 (62) 2 (67) 1 (50) 0 (0)
Hospital
Long Term Acut
CgpegH(e);r;italcu € 27 (33) 0(0) 1(6.7) 3(23) 0(0) 0(0) 23 (85)
Skilled nursing facility 5(6.2) 0 (0) 1(6.7) 0 (0) 0 (0) 0 (0) 4 (15)
Emergency
Department 6(7.4) 2(9.5) 2(13) 1(7.7) 1(33) 0(0) 0(0)
Outpatient clinic 21 (26) 16 (76) 3(20) 0(0) 0(0) 1 (50) 0(0)
Underlying medical conditions— n (%)1'
Charlson Comorbidity
Index (CCl)—median 1(0-12) 1(0-8) 1(0-8) 2(0-12) 4 (2-6) 3(3-3) 1(0-8)
(range)
No CCI underlying
conditions 18 (22) 5(24) 4.(27) 2 (15) 0(0) 0(0) 7 (26)
Diabetes 19 (23) 8(38) 3(20) 2 (15) 0(0) 1 (50) 5(19)
Chronic lung disease 16 (20) 6 (29) 3(20) 4 (31) 1(33) 0 (0) 2(7.4)
Cerebrovascular
disease 14 (17) 2(9.5) 4(27) 3(23) 1(33) 0(0) 4 (15)
Dementia 13 (16) 2(9.5) 1(6.7) 0(0) 1(33) 0(0) 9(33)
Cancer 13(16) 2(9.5) 3(20) 2 (15) 2(67) 2 (100) 2(7.4)
Any eye disease? 30 (37) 19 (90) 3(20) 1(7.7) 1(33) 1(50) 5(19)

Glaucoma 16 (20) 13 (62) 1(6.7) 0(0) 1(33) 0(0) 1(3.7)

Cataracts 14 (17) 9 (43) 2(13) 1(7.7) 1(33) 0(0) 1(3.7)
Indwelling devices in place up to 3 months prior to first culture collection— n/N (%)//

. 14/15

No devices 22/73 (30) (93) 6/14 (43) 0(0) 0(0) 1 (50) 1(3.7)
Tracheostomy 39/75 (52) 0(0) 3/14 (21) 11 (85) 0(0) 0(0) 25/26 (96)
Percutaneous
endoscopic 32/73 (44) 0/15 (0) 3/14 (21) 7 (54) 1 (50) 0(0) 21 (78)
gastrostomy tube
Invasive urinary 16/73(22)  0/5(0) 514 (36) 5 (38) 1(50) 0(0) 5 (19)

catheter
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All Case- _Other ~
Patients, N= Eye N= Urinary, N= Respiratory,N= Blood, N= clinica,N=" gryeillance, N

Characteristic 81 21 15 13 3 of =27
Mechanical
Vo ation 26/73(36)  0/15(0) 2/14 (14) 9 (69) 0(0) 0(0) 14 (52)
Outcomes for case-patients with incident clinical cultures—n/N (%)
Provider documented

42/50 (84 21 (100 8/11 (73 9 (69 3 (100, 1 (50 --
infection (84) (100) (73) (69) (100) (50)

N - 2 11/18

New hospitalization 34/49 (69) (1) 10/15 (67) 10 (77) 1(50) 0/1 (0) -
New intensive care
Uit admission ™ 10/41 (24)  0/14(0) 0/8 (0) 7/10 (70) 2 (100) 1/1 (100) -
Death within 30 days 4/39(10)  117(59)  1/10(10) 009 (0) 2 (100) 0/1 (0) -

of culture collection

*
Denominators are included for variables with missing data

fCuIture sources include wound (n=1) and ear (n=1)

17tThe most frequent underlying medical condition for each specimen category is listed; full list in Supplementary Appendix File S6

§Any eye disease reported includes: glaucoma (n=16), cataracts (n=14), macular degeneration (n=3), ocular hypertension (n=2), Sjorgren’s disease
(n=2), blepharitis (n=1), retinal artery/vein occlusion (n=1), vitreomacular adhesion (n=1), undifferentiated anterior corneal surface disorder (n=1),
lagophalmos (n=1), recurrent corneal erosion (n=1), filimentary keratitis (n=1), corneal stromal dystrophy (n=1), and ocular cicatricial pemphigoid

(n=1).

Three most common devices reported among all case-patients, not including mechanical ventilation; full list in Supplementary Appendix File S6.

”Associated infection with £ aeruginosa documented in the medical record

Hok

Hospitalization and admission to the intensive care unit (ICU) defined as new hospital or ICU admission, respectively, within 3 days prior to 2
weeks after culture collection. New admission to the ICU includes patients who were already hospitalized (i.e., admission more than 3 days prior to
culture collection), but were transferred to ICU during timeframe of interest
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