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Background. Analysis of “emerging” pathogens in cystic fibrosis (CF) lung disease has focused on unique pathogens that are rare
in other human diseases or are drug resistant. Escherichia coli is recovered in the sputum of up to 25% of patients with CEF, yet little
is known about the epidemiology or clinical impact of infection.

Methods. We studied patients attending a Canadian adult CF clinic who had positive sputum cultures for E coli from 1978 to
2016. Infection was categorized as transient or persistent (=3 positive sputum cultures, spanning >6 months). Those with persistent
infection were matched 2:1 with age, sex, and time-period controls without history of E coli infection, and mixed-effects models
were used to assess pulmonary exacerbation (PEx) frequency, lung function decline, hospitalization, and intravenous antibiotic days.

Results.  Forty-five patients (12.3%) had E coli recovered from sputum samples between 1978 and 2016, and 18 patients (40%)
developed persistent infection. Nine patients (24%) had PEx at incident infection, and increased bioburden was predictive of exacer-
bation (P = .03). Risk factors for persistent infection included lower nutritional status (P < .001) and lower lung function (P = .009),
but chronic infection with Pseudomonas aeruginosa was protective. There was no difference in annual lung function decline, need
for hospitalization or intravenous antibiotics, or risk of PEx in patients with persistent infection.

Conclusions. Persistent E coli infection was frequent and was more common in CF patients with low nutritional status and lung
function. However, this does not predict clinical decline. Multicenter studies would allow better characterization of the epidemiology

and clinical impact of E coli infection.
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Progressive airway inflammation from recurrent or chronic
bacterial infection is the major source of morbidity and mor-
tality in patients with cystic fibrosis (CF) [1]. A significant effort
has been made to understand the prevalence, clinical impact,
and natural history of infection with common and/or classic CF
pathogens [2]. Indeed, Pseudomonas aeruginosa, Staphylococcus
aureus, Haemophilus influenzae, and Burkholderia cepacia com-
plex prevalences are routinely reported in the national registry
data of major countries. However, these pathogens represent
only a portion of the organisms recovered from CF sputum.
Escherichia coli is a Gram-negative bacterium that is peri-
odically isolated from the respiratory tract of patients with CE.
Moreover, E coli is a principle human pathogen that is respon-
sible for a large burden of disease afflicting the genitourinary
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tract and intra-abdominal compartment and is responsible
for secondary bacteremias [3, 4]. Despite more being known
about it than any other organism on earth, astonishingly little is
known about E coli in CF. When E coli is recovered in sputum,
it is often overlooked in favor of unusual organisms due to its
commonplace nature in the environment, even though 25% of
patients with CF may demonstrate pulmonary infection with
the organism [5-7]. Instead, CF research emphasizes infre-
quent organisms that are deemed more novel or drug resistant
(ie, Inquilinus, Ralstonia, Cupriavidus) [8-10]. These reports are
then included in reviews of “emerging pathogens” in CFE, again
overlooking frequently encountered pathogens such as the
Enterobacteriaceae [11, 12].

Although it is rarely considered to be a respiratory path-
ogen, E coli can cause respiratory disease. Escherichia coli
community-acquired pneumonia in non-CF patients has a
high rate of mortality at 11%-21%, with a disproportionally
high rate of bacteremia [13, 14]. Furthermore, E coli along
with other members of the Enterobacteriaceae family account
for 20% of cases of hospital-associated pneumonia (HAP)—as
many as P aeruginosa, which is the quintessential HAP path-
ogen [15]. Despite this, only 1 study in CF on the epidemiology
of E coli has been completed [5]. Pathogenicity in CF patients
has not been clearly demonstrated, and it is often viewed as an
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innocuous colonizer [2]. Therefore, we aimed to determine the
epidemiology and clinical consequences of CF pulmonary in-
fection with E coli.

METHODS

Population

We undertook a single-center study utilizing the Calgary Adult
CF Clinic, which provides care to all individuals living with CF
in Southern Alberta, Canada. Attendees were followed quar-
terly with serial sputum samples and provided consent to col-
lection and analysis of every sputum-derived pathogen in our
biobank. After organisms were identified and enumerated
(using colony-forming units [CFU]/mL sputum), they were
stored at —80°C. Patients were included in the study if E coli was
cultured at least once from sputum samples between January
1978 and December 2016. Patients were classified as “transient”
(=1 sample positive for E coli but not meeting criteria for per-
sistence) and “persistent” (=3 sputum cultures positive for E coli
with carriage 26 months). Those with persistent infection were
matched with at least 1 (and where possible 2) control CF pa-
tients (age [%3 years], time period, and sex matched) without
history of E coli through random number generation. Patients
who were transferred from other CF centers were censured if
data lacked sputum or clinical history making determination of
incident infection date or outcome analysis impossible.

Clinical Data

We performed a retrospective chart review collecting clinical
data 2 years before and after incident E coli infection. For con-
trol patients, we collected data for 2 years after a time point
equivalent to the time of first E coli growth for their comparator.
Baseline patient data included demographics, comorbidities,
medications, and concomitant sputum pathogens. At each visit,
we collected percentage predicted value of forced vital capacity
(FVC) and forced expiratory volume in 1 second (FEV), pul-
monary exacerbations (PEx) necessitating either oral or intra-
venous (IV) antibiotic therapy, and hospitalizations.

The primary outcome was incidence of PEx at first isola-
tion of E coli in the sputum compared with the visit prior or
after. Pulmonary exacerbations were diagnosed by the clinic
physician with need for either oral or IV antimicrobial treat-
ment in accordance with Fuch’s criteria [16, 17]. We assessed
for risk factors predictive of progression to persistent infection
and the impact of persistent E coli infection relative to controls
including the following: (1) odds of PEx, (2) differential mean
annual decline in pulmonary function (FEV,), (3) hospitaliza-
tion days for IV antibiotics, (4) days of home IV antibiotics, and
(5) progression to transplant or (6) death 5 years postinfection.

Characterization of Escherichia coliIsolates
We determined antimicrobial resistance patterns of “incident”
isolates (to avoid recurrence bias from persistent infection) to

the following: piperacillin-tazobactam, aztreonam, meropenem,

amoxicillin,  ceftazidime,  tobramycin,  trimethoprim-
sulfamethoxazole, and ciprofloxacin. Values were recorded in
zone size (mm) and compared with Clinical and Laboratory

Standards Institute breakpoints to determine susceptibility.

Statistical Analysis

Symmetrical and asymmetrical variables were described as
means with standard deviations and medians with interquar-
tile ranges (IQR), respectively. Pairwise comparisons were
conducted using a Student’s ¢ test (continuous variables) and
the Fisher exact test (proportions). Unadjusted risk ratios
were calculated to determine PEx risk at initial acquisition
compared with prior encounters. Mixed-effects linear regres-
sion models with an exchangeable correlation structure were
conducted to assess the rate of lung function decline. Mixed-
effects logistic regression models with a Poisson distribution
were constructed to assess the risk of PEx and for persistence
of infection. The mixed-effects models compared pre- and
post-E coli infection within patients, between transient and
persistent groups, and between patients with persistent infec-
tion and matched controls. All hypotheses were at a 2-sided
a of 0.05, and analyses were conducted with STATA, version
14.2 (StataCorp, College Station, TX). The study was approved
by the University of Calgary ethics board (nos. REB-15-0854
and REB 15-2744).

RESULTS

Population Characteristics
We found 45 of 366 patients (12.3%) with sputum positive for
E coli. Of these, 24 patients had >2 positive sputum samples,
whereas 18 (40%) met criteria for persistent infection. Seven
patients were excluded from outcomes analysis (2 persistent,
5 transient) because they lacked sufficient data before and/or
after E coli culture for comparison. Baseline patient data are
shown in Table 1. In the 2 years before and after incident E coli
infection, the median number of clinic visits for cases was 9
(IQR, 6.25-13) and 10 (IQR, 7-17.25), respectively. In transient
infections, the median number of submitted sputum samples in
the 2 years after incident infection was 7 (IQR, 5-11).
Pulmonary exacerbations occurred in 9 patients (24%; 95%
confidence interval [CI], 12.8%-39.4%) at incident isolation.
By evaluating the primary outcome, we found that PEx was not
more likely to occur at incident infection relative to the visit
before (relative risk [RR] = 0.9; 95% CI, 0.4-2.0; P = 1.00) or
after (RR = 1.2;95% CI, 0.6-2.4; P = .80). The mean age was not
different between those who exacerbated and those who did not
(difference, —0.3 years; 95% CI, —6.4 to 5.8). There was no differ-
ence in baseline FEV | in those who exacerbated (FEV , 51.3%)
and those who did not (FEV , 55.5%) (difference, —4.2; 95% CI,
—22.6 to 14.2). Patients on chronic antibacterials exacerbated
at similar frequency to those who did not (22.2% vs 24.1%;
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Table 1. Baseline Characteristics of Patients With Incident Escherichia coli Infection as a Function of Its Stability Within the CF Airways
Stability Comparisons
PValue
PValue (Transient (Persistent
Variable Total (n = 38) Transient (n = 22) Persistent (n = 16) Controls (n = 29) vs Persistent) vs Control)
Age years, mean (SD) 28 (9.3) 26 (7.4) 31 (11.0) 28 (8.5) .07 .82
Male, no. (%) 18 (47.4) 11 (50.0) 7 (43.8) 13 (44.8) .75 1.00
BMI kg/m?, mean (SD) 20.0 (2.6) 20.0 (2.9) 20.1(2.1) 22.7 (3.0) 45 <.001
FVC%, mean (SD) 74.9 (21.7) 73.9 (23.1) 76.4 (20.1) 95.0 (29.3) .36 .009
FEV,%, mean (SD) 54.5 (22.3) 52.7 (23.3) 57.2 (21.3) 74.2 (30.7) .27 .02
Incident culture count (CFU? log, ), 43(17) 4.1(1.9) 4.4 (15) - .29 -
mean (SD)
Acid suppression, PPl no. (%) 12 (31.6) 6 (273) 6 (37.5) 11 (37.9) 72 1.00
Acid suppression, H,RA, no. (%) 6 (15.8) 5(22.7) 1(6.3) 3(10.3) .37 1.00
Inhaled tobramycin, no. (%) 6(15.8) 4(18.2) 2(12.5) 9(31.0) 1.00 .28
Azithromycin, no. (%) 7 (18.4) 4(18.2) 3(18.8) 6 (20.7) 1.00 1.00
Inhaled corticosteroid, no. (%) 15 (35.5) 9 (40.9) 6 (375) 5(17.2) 1.00 .16
®Pseudomonas aeruginosa, no. (%) 22 (5679) 16 (72.7) 6 (375) 18 (62.1) .05 A3
sz‘aphy/oCoccus aureus, no. (%) 25 (65.8) 13 (569.1) 12 (75.0) 12 (41.4) 49 .06
Comorbidities - - - - -
CFRD, no. (%) 10 (26.3) 5(22.7) 5 (31.3) 9 (31.0) 71 1.00
Pancreatic insufficiency, no. (%) 31 (83.8) 19 (86.4) 12 (75.0) 25 (86.2) 43 43
Home O,, no. (%) 8 (21.1) 4(18.2) 4 (25.0) 7 (24.1) .70 1.00

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFRD, CFrelated diabetes; CFU, colony-forming units; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; H,RA,

histamine-2 receptor antagonist; PPI, proton pump inhibitor; SD, standard deviation.

NOTE: Baseline data: at time of incident £ coli culture, except for FVC% and FEV, %, which were collected at visit before incident.

#Azithromycin or tobramycin at time of E coli culture or control study entry.

PChronic coinfection in 2 years before and/or after £ coliincident culture.

P =1.00). Increased sputum E coli density at incident infection
was associated with increased PEx risk (5.5 log,, CFU/mL in
those who exacerbated versus 3.9 log , CFU/mL in those who
did not; difference, 1.7; 95% CI, 0.4-3.0; P = .03). Patients who
developed persistent infection were not more likely to experi-
ence PEx at incident infection (5 of 16 [31%] vs 4 of 22 [18%];
RR, 1.7;95% CI, 0.5-5.4; P = .35). No patient with E coli pulmo-
nary infection had a secondary bloodstream infection.

Epidemiology of Persistent Infection
Patients with E coli infection who progressed to persistent in-
fection were not significantly different than those with tran-
sient infection, although coinfection with P aeruginosa trended
towards being less likely in those with persistent infection.
Patients who received a change in antimicrobial therapy at in-
cident infection to agents with activity against E coli had no de-
creased risk of developing persistent infection (P = .62).
Sixteen of 18 patients with persistent infection were able to
be matched to 29 control patients with no history of E coli in-
fection. Relative to controls, patients with persistent infection
were more likely to have reduced baseline lung function and
nutritional status (Table 1).

Escherichia coli Infections and Long-Term Qutcomes in Cystic Fibrosis
All patients with E coli infection, in unadjusted analysis, had
decreased mean annual decline in pulmonary function (FEV)

after E coli infection relative to before infection: (-1.38%/year
vs —2.08%/year; difference, —0.70%/year; 95% CI, —0.49 to
—-0.91; P < .001). In addition, the odds of PEx after infection
were lower after infection (odds ratio [OR] = 0.65; 95% CI,
0.47-0.89; P = .008). There was no difference in mean annual
home IV days (14.5 vs 10.0; 95% CI, —14.0 to 23.2 days) but less
mean annual hospital IV days (9.5 vs 12.2; difference, —2.7 days;
95% CI, —4.7 to —0.71 days; P = .008) after infection with E coli.

When comparing persistent versus transient infection, there
was a trend to increased mean annual lung function decline
(—3.20%/year vs —1.72%/year; 95% CI, —3.34 to 0.34) and odds
of PEx (OR = 1.7; 95% CI, 0.9-3.1; P = .09). There was no differ-
ence in mean annual home IV days (5.5 vs 22.5; 95% CI, —50.5
to 16.5 days) or mean annual hospital IV days (9.9 vs 10.5; 95%
CI, —5.5 to 4.3 days) with persistent infection. There was no
difference in progression to lung transplant (P = .63) or death
(P =.25) at 5 years.

Comparing persistently infected patients to matched con-
trols, there was no evidence of differential annual lung func-
tion decline (difference, —1.06%/year; 95% CI, —2.82 to 0.70;
P = .24) or odds of PEx (OR = 1.4; 95% CI, 0.8-2.3; P = .26).
There was also no difference in mean annual home I'V days (5.2
vs 9.7; 95% CI, —13.3-4.4 days) or mean annual hospital IV
days (10.1 vs 9.8; 95% CI, —4.97 to 5.59 days). There was no
difference in progression to lung transplant (P = .33) or death
(P =.54) at 5 years.
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Escherichia coli Antimicrobial Susceptibility

Across antibacterials there were no differences in resistance
profiles (Figure 1). There was a trend to higher proportion of
resistance to trimethoprim-sulfamethoxazole (TMP/SMX) in
persistent infections (64% vs 23%, P = .05). In reviewing the
exposure to TMP/SMX in the 2 years before incident infection,
there was a trend towards increased incidence of exposure in
those who developed persistent infection (63% vs 32%, P = .10).
We recovered 3 isolates that were producers of extended-
spectrum beta lactamases, and these were not associated with
persistent infection (P = .56).

Evolution of Escherichia coliin Cystic Fibrosis Airways

Persistent infections were genotypically confirmed with pulse-
field gel electrophoresis (data not shown) [18]. We sought to
determine the duration and patterns of persistence with E coli
airways infection. Of the 18 patients with persistent infection,
14 eventually cleared the organism after a median of 1279 days
(IQR, 348-2176 days). Of these, 3 appeared to do so spontane-
ously without new antimicrobial treatment (acute or chronic)
or new sputum pathogens identified. Eight patients were ini-
tiated on new antimicrobials and/or treated for PEx at time of
clearance.

DISCUSSION

In this retrospective cohort study, we found that despite fre-
quent isolation and persistence of E coli in the sputum of
adult patients with CF, particularly those with poor nutri-
tional status and lung function, this did not portend worse

Much of the limited information relating to E coli epidemi-
ology comes from cross-sectional studies reviewing incidence of
multiple organisms [6, 7] or case reports [19, 20]. In the ARREST
CF study of children with annual bronchoalveolar lavage sam-
ples, E coli was the fourth most frequently recovered bacterial
species, behind P aeruginosa, S aureus, and H influenzae [7]. In
the only prior epidemiologic study, Barillova et al [5] identified
E coli in 25% of their CF cohort over 7 years. National registries
have not reported E coli in their prevalence analyses [21], but
single-center studies have reported prevalence as high as 11%-
25% [5, 6]. Our cumulative prevalence of 12.3% still rivals that
of other classic pathogens such as Achromobacter species and
Stenotrophomonas maltophilia—organisms that have received
extensive study [11].

In our study, there was a trend to increased age associating
with persistence of infection, but this did not meet signifi-
cance. However, the predilection of persistent infection in pa-
tients with worse nutrition and lung function suggests that E
coli may target comparatively compromised CF patients to es-
tablish long-term infection. The near association of persistence
with TMP/SMX-resistant strains is curious. The rates of E coli
resistance to TMP/SMX in our transiently infected population
closely mirror the rates of our general population (25%-30%).
However, the high rates of resistance in the persistent infection
population are discordant (Figure 1). Increased exposure to this
commonly used antimicrobial in nonpseudomonal infections
may breed resistant strains. This also may support the theory
of aspiration of endogenous gastrointestinal microbiota leading
to pulmonary infection, rather than environmental acquisition.
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0.8
0.7
g 0.6
=
2
= 05
8
~ 04
[
o
o
S 03
—
Qo
o
2
£ 0.2
) I I I I I
. il
Tobramycin Pip-Taz Amoxicillin-~ TMP/SMX  Aztreonam  Ceftazidime ~Ciprofloxacin  Meropenem
® Transient ® Persistent
Figure 1. Proportion of resistant Escherichia coli isolates at incident infection to 8 commonly used antibacterial agents. PIP-TAZ, piperacillin-tazobactam; TMP/SMX,

trimethoprim-sulfamethoxazole.
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antimicrobial resistance was not a factor associated with per-
sistent E coli infection.

Barillova et al [5] found that E coli was coisolated with S au-
reus and/or P aeruginosa in approximately 50% of infections;
however, in those who grew E coli repeatedly, Pseudomonas
coinfection was less common. We observed similar findings,
with 58% of our cohort demonstrating coinfection with P
aeruginosa. More important, those with persistent E coli in-
fection were less likely to have chronic P aeruginosa infection.
Furthermore, during persistent infection, only 1 patient ac-
quired new, incident P aeruginosa infection to the subsequent
exclusion of E coli that was never observed again and another
who spontaneously cleared E coli before acquiring chronic P
aeruginosa. As the archetypal CF pathogen, P aeruginosa may
be able to outcompete invading organisms such as E coli in some
circumstances, preventing the development of persistent infec-
tion. However, in only 1 instance, an individual with chronic
P aeruginosa infection who acquired incident E coli infection
subsequently lost the originally colonizing P aeruginosa. It is
interesting to note that spontaneous clearance of E coli in per-
sistent infection was uncommon relative to other investigated
emerging pathogens such as Achromobacter spp where up to
90% of isolates ultimately cleared from our cohort [22].

The pathogenicity of E coli in CF is debated because it is known
to commonly colonize mucosal surfaces [4]. Others have ar-
gued for the pathogenicity of E coli in CF given a persistent, rela-
tively high bacterial load of a virulent strain of the organism [5].
Although we did not note an increased overall risk of PEx at in-
cident E coli culture, we found that those with a high organism
bioburden were more likely to experience PEx. Likewise, we found
limited data to support worse outcome in individuals with chronic
E coli recovery from sputum. This may support the notion that E
coli is colonizing damaged lung parenchyma rather than serving a
pathogenic role, and this is supported by prior findings of limited
local lung inflammatory reaction to the organism’s presence [7].
Coinciding with this observation, coinfection with P aeruginosa
was lower in the persistent E coli infection group. Barillova et al
[5] also found E coli to be the lone recovered pathogen in per-
sistent infection disproportionally. One hypothesis is that E coli
actually served some type of protective role against the deleterious
nature of pseudomonal infection by competing for territory in
some individuals and thus preserving lung function that may have
been lost due to Pseudomonas. A predilection of some clonal E coli
strains for lung parenchyma based on genetic virulence factors has
been hypothesized [5, 23], which may support this theory.

The limitations of this study include the retrospective nature
risking selection and information bias including misclassifica-
tion of infection and missing information. We also must con-
sider the effect of different treatments for CF over 30 years of
patient follow-up. Not all samples were recoverable from our bi-
obank, thus limiting our analysis of strains. Multicenter studies
are warranted to further characterize the epidemiology of

infection and determine whether clinical decline becomes more
apparent with greater patient numbers, as has become apparent
with methicillin-resistant S aureus whose pathogenicity was in-
itially debated [24-26].

CONCLUSIONS

When followed longitudinally, E coli pulmonary infection in
CF patients occurred surprisingly often in our population and
frequently resulted in persistent infection. Infection with E coli
did not portend clinical worsening in any cohorts studied: any
infection, transient infection, or persistent infection. However,
persistent infection was more likely to be established in patients
with worse baseline nutrition and lung disease, suggesting an
opportunistic behavior.
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