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Abstract

Using statewide surveillance, we describe candidemia in Connecticut during 1998-2000 and 2019. In 2019, candidemia was more frequently
associated with community-onset and non-albicans Candida species and less frequently associated with central vascular catheters, recent
surgery, and in-hospital mortality. Understanding changes in candidemia can optimize clinical management and prevention strategies.
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Candidemia is the fourth most common bloodstream infection in
hospitalized patients in the United States, with an attributable mor-
tality rate of 30%-50%.! Understanding candidemia epidemiology
is important from clinical and public health perspectives due to its
association with significant morbidity, mortality, and high cost of
treatment. The proportion of candidemia caused by Candida albi-
cans has been decreasing while non-albicans Candida (NAC), with
notable decreased susceptibility to antifungal drugs, are becoming
increasingly common.?> Symptoms of C. albicans and NAC candi-
demia are indistinguishable and share similar risk factors,® making
definitive diagnosis dependent on blood culture. This factor can
delay appropriate antifungal treatment, a factor associated with
increased mortality.? Therefore, initiating early effective antifungal
therapy guided by local microbiology and epidemiology, including
local antibiogram data, can significantly reduce morbidity and
mortality. Understanding changing local risk factors for candide-
mia is also important in developing public health strategies to pre-
vent infection.

In 2019 the Connecticut Department of Public Health
(CT-DPH) made candidemia a laboratory-reportable condition
and began statewide surveillance in conjunction with the
Emerging Infections Program (EIP) through the United States
Centers for Disease Control and Prevention. Previously, the EIP
conducted statewide population-based surveillance of candidemia
in Connecticut from 1998 to 2000.> We compared statewide sur-
veillance data from two periods 1998-2000 (legacy cohort) and
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2019 (recent cohort) to understand the changing epidemiology of
candidemia in Connecticut.

Methods

Adult candidemia cases (age >20 years) were identified through
statewide active laboratory surveillance at all acute-care hospitals
in Connecticut. Standardized case report forms were completed
for all incident cases identified. Cases identified within 30 days
of the initial positive blood culture were considered duplicates.
During both periods, laboratory records of all hospitals were
audited every 6-12 months to ensure completeness of case
ascertainment. Variables examined in univariate analysis included:
species; community or hospital-onset infection; number of comor-
bid conditions; surgery 3 months preceding positive blood culture;
presence of central venous catheter (CVC) and demographic var-
iables. Time from admission to culture date >3 days was classified
as hospital-onset infection. In-hospital mortality was compared
between cohorts. Variables were analyzed at case-level. We used
) tests to analyze difference in proportions between the 2 cohorts.
Analyses were performed using SPSS version 25 software (IBM,
Armonk, NY). The study qualified as exempt by the Human
Investigation Committee of the Connecticut Department of
Public Health.

Results

Of 628 candidemia episodes, 381 (61%) were from the legacy
cohort (Table 1), with a mean 190.5 cases per year in the legacy
cohort. The most frequent isolates were C. albicans (n =290,
46.2%), followed by C. glabrata (n =150, 23.9%) and C. parapsi-
losis (n=282, 13.1%). Candida albicans was identified among
190 cases (49.9%) in the legacy cohort and 100 cases (40.5%) in
2019 (P = .02) (Table 2). Legacy-cohort cases were more likely
to have had surgery (53.8% vs 27.1%; P < .01), a CVC (93.2% vs
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Table 1. Candida Species Isolated from Blood Cultures of Candidemia Cases in
Connecticut Adults from 1998-2000 and 2019

1998-2000 2019 Total

(n = 381) (n = 247) (N = 628)
Candida spp No. (%) No. (%) No. (%)
C. albicans 190 (49.9) 100 (40.5) 290 (46.2)
C. glabrata 71 (18.6) 79 (32.0) 150 (23.9)
C. parapsilosis 50 (13.1) 32 (13.0) 82 (13.1)
C. tropicalis 46 (12.1) 11 (4.5) 57 (9.1)
Other 24 (6.3) 25 (10.1) 49 (7.8)

Note. Adults, aged > 20 years. The legacy period was October 1998-September 2000.

Table 2. Characteristics and Outcomes of Candidemia in Connecticut Adults,
1998-2000 and 2019

1998-2000 2019
(n = 381), (n = 247),
Variable No. (%) No. (%) P Value
Candida spp present in blood .021
culture
C. albicans 190 (49.9) 100 (40.5)
Non-albicans 191 (50.1) 147 (59.5)
Onset of infection <.001
Community onset 99 (26.0) 115 (46.6)
Hospital onset 282 (74.0) 132 (53.4)
No. of comorbid conditions <.001
<3 91 (23.9) 159 (64.4)
>3 290 (76.1) 88 (35.6)
Surgery 3 mo preceding <.001
culture
No 176 (46.2) 180 (72.9)
Yes 205 (53.8) 67 (27.1)
Catheter present at time of <.001
positive culture
No 26 (6.8) 118 (47.8)
Yes 355(93.2) 129 (52.2)
Sex 118
Female 180 (47.2) 101 (40.9)
Male 201 (52.8) 146 (59.1)
Race/Ethnicity .02
Non-Hispanic White 301 (79.0) 175 (70.9)
All others 80 (21.0) 72 (29.1)
Age
20-44 y 50 (13.1) 38 (15.4) 425
45-64 y 100 (26.2) 80 (32.4) .096
65+ y 231 (60.1) 129 (52.2) Ref
Outcomes
In-hospital mortality 185 (48.6) 86 (34.8) .001
Time to discharge, median 14.5 (0-322) 11 (0-183)

d (range)

Note. Adults, aged > 20 years.
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52.2%; P < .01), >3 medical comorbidities (76.1% vs 35.6%;
P < .01), and hospital-onset infection (74% vs 53.4%; P < .01).
A greater proportion of legacy cases were non-Hispanic White
patients (79.0% vs 70.9%; P = .02).

In-hospital mortality was significantly higher in the legacy
cohort (48.6% vs 34.8%; P < .01). The median time from culture
to discharge among survivors was 14.5 days (range 0-322 days) in
the legacy cohort versus 11 days (range 0-183 days) in the recent
cohort.

Discussion

Using statewide active surveillance of 2 cohorts separated by a
20-year period, we describe multiple changes in candidemia
microbiology, epidemiology, and outcomes in Connecticut. The
increased frequency of NAC in 2019 is consistent with recent
trends in North America and Europe but not in South America,
which suggests that there are geographic drivers to changes in spe-
cies distribution such as infection control, antimicrobial prescrib-
ing practices, and underlying patient conditions.® Additionally,
recent data from the Veterans’ Health Administration revealed
similar temporal trends, particularly a reduced incidence of hospi-
tal-onset candidemia.” Notably, our study’s statewide surveillance
data encompassed a broader adult population.

In the recent cohort, fewer cases of candidemia were associated
with CVCs and recent surgery. These changes may be attributed to
improved infection prevention practices within Connecticut hos-
pitals, although other factors may have contributed. Community-
onset candidemia accounted for an increased proportion of candi-
demia cases in the recent cohort. The increasing intensity of
non-hospital-based care, including the growing use of long-term
CVCs in ambulatory settings, may influence the rising incidence of
community-onset infection.

This shift toward community-onset infections may also be
attributable to increasing injection drug use (IDU) in the wake
of the opioid epidemic. Prior work using EIP data collected from
2004 to 2014 demonstrated a 76% increase in candidemia hospital
admissions attributed to IDU among 9 EIP surveillance sites.®
IDU-associated cases were associated with lower in-hospital
mortality, shorter hospital stays, and had lower proportions of
C. glabrata colonization than non-IDU cases.? In our surveillance,
in-hospital survival among those with candidemia was higher in
the recent cohort, and among survivors, hospitalization duration
was shorter. Several factors may have contributed to increased sur-
vival, including improvement in treatments and changes in patient
demographics, notably younger age. Larger studies are needed to
evaluate the impact of these variables on mortality to further
understand these relationships.

A smaller proportion of patients with candidemia in 2019
were non-Hispanic White race, reflective of changes in the racial
and ethnic breakdown of Connecticut residents. According to US
Census data, the proportion of Connecticut residents who iden-
tified as White race dropped from 81% in 2000 to 67% in 2019.
This is similar to what we observed among the 2 cohorts in which
79% of legacy cases identified as non-Hispanic White race com-
pared with 71% among recent cohort cases. Further study is
needed to understand racial and ethnic disparities associated with
candidemia.

This study had several limitations. Data on IDU history and
antifungal susceptibility testing were not consistently collected
and could not be analyzed. Additionally, over the 2 decades
between surveillance periods, advances in laboratory methods,
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antifungal treatment and prophylaxis, and disease management
and treatment guidelines may have influenced the epidemiology
and patient outcomes in this study. Evaluating the influence of
these variables will be critical for future clinical and epidemiologi-
cal studies of candidemia. Although our study encompasses a
broad population through statewide surveillance, the character-
istice and outcomes of patients with candidemia in
Connecticut may not be generalizable to all geographical areas,
particularly those outside the United States.

The impact of the coronavirus disease 2019 (COVID-19) pan-
demic, which occurred after our data collection, may have influ-
enced the epidemiology of candidemia and the outcomes of
patients with candidemia in Connecticut. Early data suggest that
COVID-19 infection occurred frequently in patients with candide-
mia during the early phase of the pandemic.’ Additionally, the rate
of CVC-associated bloodstream infections in the United States
increased during the COVID-19 pandemic,'® which likely resulted
in increased CVC-associated candidemia. Further study on the
impact of the COVID-19 pandemic on candidemia epidemiology
and outcomes is warranted.

Our analysis of statewide surveillance supports that the epi-
demiology and outcomes associated with candidemia in
Connecticut have changed significantly over the last 20 years.
Ongoing evaluation of the changing epidemiology of candidemia
at the local, state and national levels will be critical in both prevent-
ing these infections and optimizing clinical management when
these infections occur.
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