
Patient Experience With Bloodstream Infections  •  OFID  •  1

Open Forum Infectious Diseases

M A J O R  A R T I C L E

Received 3 September 2021; editorial decision 3 December 2021; accepted 6 December 2021; 
published online 8 December 2021.

Correspondence: Thomas L. Holland, MD, Room 155 Hanes Building, 315 Trent Drive, Box 
102359, Duke University Medical Center, Durham, NC 27710 (thomas.holland@duke.edu).

Open Forum Infectious Diseases®2022
© The Author(s) 2021. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the 
work, in any medium, provided the original work is not altered or transformed in any way, and that 
the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/ofid/ofab622

Patients’ Experiences With Staphylococcus aureus and 
Gram-Negative Bacterial Bloodstream Infections: Results 
From Cognitive Interviews to Inform Assessment of 
Health-Related Quality of Life
Heather A. King,1,2,3 Sarah B. Doernberg,4 Kiran Grover,1 Julie Miller,1 Megan Oakes,1 Tsai-Wei Wang,1 Molly McFatrich,1 Felicia Ruffin,5 Karen Staman,1 
Hannah G. Lane,1 Abigail Rader,1 Zoë Sund,6 Hayden B. Bosworth,1,2,3 Bryce B. Reeve,1,6 Vance G. Fowler Jr.,5,6 and Thomas L. Holland5,6; on behalf of the 
Antibacterial Resistance Leadership Group
1Department of Population Health Sciences, Duke University School of Medicine, Durham, North Carolina, USA, 2Center of Innovation to Accelerate Discovery and Practice Transformation (ADAPT), 
Durham Veterans Affairs Health Care System, Durham, North Carolina, USA, 3Division of General Internal Medicine, Duke University School of Medicine, Durham, North Carolina, USA, 4University 
of California San Francisco Department of Medicine, San Francisco, California, USA, 5Department of Medicine, Duke University, Durham North Carolina, USA, and 6Duke Clinical Research Institute, 
Durham, North Carolina, USA

Background.  We previously conducted a concept elicitation study on the impact of Staphylococcus aureus and gram-negative 
bacterial bloodstream infections (SAB/GNB) on health-related quality of life (HRQoL) from the patient’s perspective and found 
significant impacts on HRQoL, particularly in the physical and functional domains. Using this information and following guidance 
on the development of patient-reported outcome (PRO) measures, we determined which combination of measures and items (ie, 
specific questions) would be most appropriate in a survey assessing HRQoL in bloodstream infections.

Methods.  We selected a variety of measures/items from the Patient-Reported Outcomes Measurement Information System 
(PROMIS) representing different domains. We purposefully sampled patients ~6–12 weeks post-SAB/GNB and conducted 2 rounds 
of cognitive interviews to refine the survey by exploring patients’ understanding of items and answer selection as well as relevance 
for capturing HRQoL.

Results.  We interviewed 17 SAB/GNB patients. Based on the first round of cognitive interviews (n = 10), we revised the survey. 
After round 2 of cognitive interviewing (n = 7), we finalized the survey to include 10 different PROMIS short forms/measures of the 
most salient HRQoL domains and 2 adapted questions (41 items total) that were found to adequately capture HRQoL.

Conclusions.  We developed a survey from well-established PRO measures that captures what matters most to SAB/GNB patients 
as they recover. This survey, uniquely tailored to bloodstream infections, can be used to assess these meaningful, important HRQoL 
outcomes in clinical trials and in patient care. Engaging patients is crucial to developing treatments for bloodstream infections.

Keywords.  bacterial bloodstream infections; cognitive interviews; measure development; patient-reported outcomes; quality of 
life.

Staphylococcus aureus and gram-negative bacterial bloodstream 
infections (SAB and GNB, respectively) are common and se-
rious [1, 2] infections that negatively impact survivors’ health-
related quality of life (HRQoL), defined by and demonstrated 
across physical, functional, mental health/emotional, cognitive, 
and social domains [3]. Treatment of bloodstream infections 
often involves prolonged hospitalization, extended treatment 

and recovery times, and invasive procedures. These conse-
quences of bloodstream infection can have prolonged negative 
effects on patients [4–6]. Most antibiotic trials focus on survival 
and microbiologic outcomes, which may not capture the en-
tirety of what is important to patients. Clinician-directed ac-
tions such as antibiotic prescribing decisions often inform trial 
end points but may or may not reflect patients’ actual health 
status. Therefore, engaging patients with bloodstream infec-
tions and obtaining their feedback for clinical trials are critically 
important to ensure that the comparisons between treatments 
include patient-centered outcomes that are meaningful [7].

In our recent work (Phase 1), we conducted a qualitative de-
scriptive study to elicit concepts regarding the impact of SAB 
and GNB on HRQoL from the patient’s perspective [3]. We 
found that these patients with diverse infection syndromes 
described similar experiences, but with varying levels of im-
pact on HRQoL, particularly in the physical and functional 
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domains, with impact also varying over time and across pa-
tients [3]. We concluded that 1 measure could be used for this 
spectrum of bloodstream infection types, provided it is able to 
capture a range in the level of impact on how the patient feels 
and functions.

Guidance [8, 9], including from the Food and Drug 
Administration (FDA), suggests that concept elicitation, such 
as that described above, is the first step in the patient-reported 
outcome (PRO) measurement development process. Guidance 
(Figure 1) also suggests that investigators should then consider 
using existing measures, when deemed appropriate based on 
concept elicitation findings [9, 10], to allow for comparability 
and to maximize efficiency, as it may take many years to de-
velop a new measure. Therefore, our next steps, presented in 
this manuscript (Phase 2), were to align our Phase 1 concept 
elicitation findings with existing HRQoL measures across the 
relevant domains introduced above and to evaluate the extent 
to which a survey of those combined measures and items (ie, 
specific questions) are “fit for purpose”; that is, to what extent 

they adequately capture HRQoL in a sample of patients with 
bloodstream infections. This was done through cognitive inter-
views to assess if the survey works in the way intended for a 
specific target population and to add, remove, and/or modify 
measures and items to appropriately capture HRQoL [11]. Once 
established as being “fit for purpose,” the HRQoL survey can be 
used to evaluate the efficacy in trials of treatments for blood-
stream infection or to inform clinical care of patients with SAB 
and GNB.

METHODS

Participants and Setting

We prospectively enrolled Duke University Health System 
(DUHS) patients with SAB or with GNB from the Bloodstream 
Infections Registry (eIRB#: Pro00008031) as previously de-
scribed [3]. We purposefully sampled to capture a range of 
patient experiences (Figure 2 provides details) ~6–12 weeks fol-
lowing their bloodstream infection informed by and extended 
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Figure 1.  Process flow diagram. Abbreviations: PRO, patient-reported outcome; PROMIS, Patient-Reported Outcomes Measurement Information System.
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based on our prior work [3]. We selected this time frame to 
capture the entirety of the course of treatment and complica-
tions, mirror typical time points of antibiotic clinical trials, and 
minimize participant burden, as cognitive interviewing can be 
time-intensive. The study was approved by the IRB. Participants 
were compensated $50 for completion of the ~2-hour data 

collection activities (ie, consent, survey administration, cogni-
tive interview).

Measure Selection

Using the information obtained in our previous Phase 1 con-
cept elicitation work [3] and in line with guidance [8, 9, 10], we 

aTotal patients in the registry with a first
positive blood culture 90 days preceding

pull date who agreed to participate in
future research

N = 150

Patients included for
purposeful samplingc

N = 117

Patients approached for study
via phone

N = 69

Schedule for cognitive
interview
N = 22

Patients could not be
reached
N = 4

fPatients exceeded 6–12
week window

N = 1Completed cognitive
interview
N = 17

Via phone N = 13
In person N = 4

dPatients declined
N = 11

ePatients passively
refused
N = 5

Patients could not
be reached

N = 31
Patients who failed
cognitive screener

N = 0

bPatients excluded
following chart review

N = 33

Patients’ call window
reassessed and

excluded due to
exceeding 6–12-week
window period since
positive blood culture

N = 41
Patients deceased after

clinical review and prior
to phone screen window

opening
N = 3

Patients not contacted
due to meeting

recruitment goal
N = 4

Figure 2.  Participant flow diagram. This process was completed iteratively in various rounds. aA total of 5 data pulls were completed for the purpose of the study. Date 
range: 9/16/2019–2/19/2020. bChart review included the following considerations: cPurposeful sampling method was used to prioritize patients while maximizing the pos-
sible range of experiences, ages, genders, and clinical representation and severity of infections. dPatients declined participation for the following reasons: not interested (6), 
dementia/couldn’t understand us (2), didn’t recall having a bloodstream infection (2), in hospice (1). ePassive refusal is defined as when the interviewer was able to make 
contact with a patient for the screening call but wasn’t able to follow through with completing the screener (or scheduling) due to the patient not answering again after the 
initial contact. fPatients exceeded the 6–12-week window due to rescheduling requests.
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first selected short forms/measures from Patient-Reported 
Outcomes Measurement Information System (PROMIS) 
to measure different HRQoL domains (Figure 1). See 
Supplementary Appendix 1 for the initial survey and second 
version. We chose PROMIS, including measures and items con-
tained therein, as the starting point because it is comprehensive, 
validated in a variety of conditions and sociodemographically 
diverse samples, widely used in research and clinical settings, 
publicly available, and has multiple formats and translations.

Cognitive Interviewing Procedures

To determine whether PROMIS measures were “fit for pur-
pose,” we conducted a type of individual interview technique 
called cognitive interviewing [11]. We conducted cognitive 
interviewing iteratively (Figure 1); that is, we conducted round 
1, reviewed findings, and refined the survey and cognitive in-
terview guide/procedures, and then conducted another round 
(2) of cognitive interviews with different participants. We used 
this technique to evaluate and ultimately refine the survey by 
exploring patients’ understanding of items as well as how they 
constructed and selected answers using a strategy called “think 
aloud,” which involves asking patients what they are thinking 
about when responding to and answering the items. Specifically, 
participants completed the survey, then the interviewer asked 
some introductory questions regarding their overall impression 
of the survey and their experience taking it, followed by basic 
probes applicable to all individual items, including what they 
thought each item was asking, how it represented their expe-
rience, and how they chose/decided on an answer. The inter-
viewer also asked additional item- and domain (ie, measure, 
construct)-specific (round 2) questions. See Supplementary 
Appendix 2, which includes the cognitive interviewing guide 
by round including the questions and probes. The interviewer 
referred to participants’ survey responses during the interview. 
Participants who completed the interview via phone received a 
copy of the survey in advance via mail or e-mail per patient pref-
erence. Each cognitive interview was audio-recorded to supple-
ment our detailed notes and facilitate analysis. Interviews were 
conducted either in-person or via telephone (to maximize par-
ticipation) by 2 of the team members (K.G., J.M.) under super-
vision of the first author (H.K.) from 11/11/2019 to 3/12/2020.

Analytic Approach

Three team members used the matrix method [12] to ana-
lyze cognitive interview data, meaning that after completing 
each round of interviews, all notes taken during each inter-
view were entered into Microsoft Excel. Two team members 
(J.M., K.R.) independently read all entries and wrote sum-
maries across questions/probes and overall. Each summary 
included consideration of 1 or more of the following parts: 
comprehension, retrieval, judgment, reaction, and concepts 
elicited. In particular, the team members explored potential 

issues such as awkward or ambiguous wording of items, vari-
ability in interpretation, inadequate or unnecessary response 
options, need for more or fewer items/measures, ease of re-
call of information needed to respond, and fit with personal 
bloodstream infection–related experiences. Then, these same 
team members came to consensus, resolving any discrep-
ancies, followed by discussion with the first author and fi-
nally the larger research team. After each round of cognitive 
interviews, members of the team met to review issues raised 
and consider possible revisions of both the cognitive inter-
view guide and survey. Significant changes to the survey were 
evaluated in the subsequent round of cognitive interviews. 
Differences were documented across rounds and reasons for 
changes made.

Data Storage, Security, and Confidentiality

We collected demographic and clinical information through 
the electronic medical chart reviews and the Duke Bloodstream 
Infections Registry. Cognitive interviews were recorded and 
were used to supplement the notes of the interviewer. We later 
contacted patients who had completed the cognitive interview 
via phone to obtain their education information (11th grade or 
less through to higher education degrees).

RESULTS

Participant Characteristics

We included 17 SAB and GNB patients across 2 rounds (n = 10 
first round, n = 7 second round) of cognitive interviews (Figure 
2, Table 1). Across both rounds, the total sample had an average 
age of ~63 years and included 9 females and 16 White partici-
pants with a range in level of education and bloodstream infec-
tion characteristics across 7 SAB and 10 GNB patients.

Assessment of Survey: 2 Rounds of Cognitive Interviews

The average cognitive interview time was 42 minutes for round 
1 and 51 minutes for round 2, not including time to complete 
the informed consent or survey itself. Supplementary Appendix 
3 shows a summary of participant responses by round, with 
changes between rounds tracked in Supplementary Appendix 4. 
Based on the first round of cognitive interviews (n = 10), we es-
tablished participants’ comprehension, retrieval, judgment, and 
reaction regarding the initial measures. Using this information, 
we refined our selected measures and items for round 2 of cogni-
tive interviewing (n = 7). We concluded cognitive interviewing 
after round 2 because additional major (eg, addition/deletion 
of a measure) changes and evaluation were not necessary. Our 
final survey is comprised of 10 different PROMIS short forms/
measures of the most salient domains reported by patients, as 
shown in Table 2. These measures include global health, fa-
tigue, nausea and vomiting, pain intensity, sleep disturbance, 
depression, anxiety, cognitive abilities, physical functioning, 
and ability to participate in social roles and activities, as well as 
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2 adapted items on general/global health and quality of life due 
to their bloodstream infection (41 items total). Table 3 presents 
exemplar results from the social domain of HRQoL.

DISCUSSION

The impact of bloodstream infections on patients’ HRQoL is 
largely unknown. Following best practices for measure develop-
ment, we generated an HRQoL survey that captures what mat-
ters most to patients as they recover from this potentially lethal 
infection. After 2 rounds of cognitive interviews to evaluate and 

refine the survey, we found that a compilation of 10 existing 
PROMIS measures (plus 2 adapted bloodstream-specific items) 
performed well. In sum, we ultimately developed a survey that 
was understandable and appropriately captured HRQoL in pa-
tients who have had bloodstream infections. This survey can 
now be used and further investigated in clinical trials and in 
patient care.

Historically, clinical trials of antibacterial agents have relied 
upon investigator assessment of success and have largely ne-
glected the patient perspective. Incorporating the patient expe-
rience is critical to improve our understanding of the potential 

Table 1.  Characteristics of Participants in Rounds 1 and 2 of Cognitive Interviews

 Round 1 Round 2 Total 

n = 10 n = 7 n = 17

Characteristics

Sex, No. (%)

 � Male 5 3 8 (47.1)

 � Female 5 4 9 (52.9)

Age, mean (SD), y 65.1 (13.0) 59.3 (12.1) 62.7 (12.6)

Race, No. (%)

 � White 9 7 16 (94.1)

 � African American 1 0 1 (5.9)

Education, No. (%)

 � High school diploma or GED 2 0 2 (11.8)

 � Some college or technical school training 3 4 7 (41.2)

 � College degree (BA or BS) 3 0 3 (17.6)

 � Master’s or doctorate/medical/law degree 1 2 3 (17.6)

 � Missing 1 1 2 (11.8)

Source of bacteremia, No. (%)

 � Urinary tract 5 0 5 (29.4)

 � Skin and soft tissue 4 2 6 (35.3)

 � Biliary tract 1 1 2 (11.8)

 � GI translocation 0 1 1 (5.9)

 � Hardware 0 1 1 (5.9)

 � Unknown 0 2 2 (11.8)

Bacteria type, No. (%)

 � Staphylococcus aureus 4 3 7 (41.2)

 �  Methicillin-resistant 1 1 2 (11.8)

 �  Metastatic sites of infectiona 1 1 2 (11.8)

 � Duration of bacteremia >3 d 1 1 2 (11.8)

 � Gram-negative 6 4 10 (58.8)

Escherichia coli 5 2 7 (70.0)

Klebsiella spp. 1 1 2 (20.0)

 � Salmonella litchfield 0 1 1 (10.0)

 �  ESBL-producing 1 1 2 (11.8)

Pitt Bacteremia score, median (range)

 � Staphylococcus aureus 1 (1–2) 2 (2–2) 2 (1–2)

 � Gram-negative 2 (0–3) 0 (0) 0.5 (0–3)

Hospital length of stay, median (range), d

 � Staphylococcus aureus 10.5 (7–46) 13 (7–16) 12 (7–46)

 � Gram-negative 4.5 (2–8) 5.5 (4–9) 5 (2–9)

Duration of antibiotic therapy, median (range), d

 � Staphylococcus aureus 35 (15–51) 42 (28–42) 42 (15–51)

 � Gram-negative 7 (7–14) 14 (7–28) 8.5 (7–28)

Abbreviations: ESBL, extended-spectrum beta-lactamase; GI, gastrointestinal. 
aIncluded orthopedic hardware infections (n = 2), mediastinitis (n = 1), and epidural and psoas abscesses (n = 1).
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benefits and harms of new treatments. The FDA has requested 
that HRQoL be incorporated as a secondary or exploratory 
outcome in prescription drug trials [13]. The current investi-
gation directly responds to this request by identifying a com-
bination of PROMIS measures that can serve as key HRQoL 
end points for bloodstream infection. Our HRQoL end point 
is particularly robust as the PROMIS measures have already 
been psychometrically validated in other populations for use 
in clinical and research settings [14–18]. Although PROs are 
more commonly used in other medical specialties (eg, cancer) 
in research and clinical settings, they are newer to the field of 
bacterial infections perhaps due to their subacute/acute na-
ture, and almost unprecedented in the area of bloodstream 
infections. Future directions include (1) broad quantitative, 
psychometric validation of the survey in a representative and 
diverse population-based sample of SAB/GNB patients, in-
cluding repeated assessments to capture changes in HRQoL 
over time; (2) examination of the role of infection severity or 
specific infectious complications; and (3) attention to addi-
tional characteristics of the individual and environment that 
may not be addressed by PROMIS. In addition, we are ex-
tending this work through the ARLG QoL Task Force (under 
the Innovations Working Group) to complicated urinary tract 
infection (cUTI), acute bacterial skin and skin structure in-
fection (ABSSSI), hospital-acquired and ventilator-associated 
bacterial pneumonia (HAPB/VABP), and intra-abdominal in-
fection (IAI) [19].

This study had a number of strengths. Our process was rig-
orous and conducted in accordance with FDA guidance [8], for 
example, using multiple interviewers and analysts with meth-
odological and clinical expertise. There is growing consensus 
that supports the use of major guidance documents like the 
FDA’s guidance to inform PRO selection for clinical trials [20], 
and therefore we aligned our findings with well-established, re-
liable, and valid HRQoL measures across domains identified 
in Phase 1 and selected and prioritized PROMIS measures. We 
then subsequently combined these measures into a survey that 
was evaluated via cognitive interviews. Although the PROMIS 
measures we selected were originally validated with other con-
ditions, our cognitive interview findings demonstrate that they 
are content-valid and also capture what matters to survivors of 
bloodstream infections.

Limitations of our study include the fact that we did not as-
sess other measures aside from PROMIS that capture general 
HRQoL and/or these specific domains. Future work could ex-
plore these other measures in comparison. As mentioned in the 
introduction, however, there are many advantages of the uni-
versal PROMIS measures compared with other general HRQoL 
measures. At the same time as providing standardization and 
comparison in and across different conditions, one can se-
lect domains, measures, and/or items that are relevant from 
PROMIS; there is ample opportunity to make selections and A
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changes at multiple levels. As we have done, a survey can be con-
structed that is tailored based on the condition and participant 
input. Additionally, it is important to note that the results from 
the cognitive interviewing (type of qualitative research) are not, 
nor are they intended to be, generalizable. It is crucial in future 
quantitative, psychometric validation studies of the HRQoL 
survey to include diverse patient populations, specifically ra-
cial/ethnic, geographical, and socioeconomic representation in 
addition to inclusion of a range of clinical complications and 
courses, while also considering similarity to those enrolled in 
clinical trials.

Incorporating the patient perspective in future trials of 
bloodstream infections and other infectious diseases will enable 
more meaningful comparisons and the possibility of discerning 
important differences between treatments. To meet this need, 
we have created a compilation of existing PRO measures and 
adapted items for use in clinical trials of SAB and GNB that are 
appropriate measures for QoL outcomes and reflective of the 
patient’s experience.
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