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Background: Staphylococcus aureus bacteraemia (SAB) is a serious infection associated with high mortality.
Current treatment often consists of 14 days of intravenous antibiotics. Significant variability in practice is seen,
with some advocating an intravenous to oral antibiotic switch can be considered in uncomplicated SAB.

We aimed to describe current antimicrobial strategies used to manage uncomplicated SAB in our UK based
hospital. We also assessed outcomes of patients with uncomplicated SAB in those treated with a intravenous to
oral antibiotic switch within 14 days.

Methods: This was a single-centre, retrospective, cohort study between 2018 and 2020 of patients with SAB.
Patients with complicated SAB were excluded. Outcomes measured were 90-day relapse, 30-day mortality and
length of stay.

Results: We identified 237 patients with SAB, 103 of whom had uncomplicated bacteraemia and were included in
the analysis. Of these, 38 (37 %) had an intravenous to oral antibiotic switch within 14 days. Oral antibiotics
used included flucloxacillin (n = 32, 84 %), linezolid (n = 4, 11 %), co-trimoxazole (n = 1, 3 %), and doxycycline
(n =1, 3 %). 30-day mortality was lower in patients who received an intravenous to oral switch within 14 days
compared to those who did not (16 % vs 37 % p = 0.026). In order to exclude patients who died early or had
inadequate courses of antibiotics, we removed those who received less than 7 days antibiotics. On re-analysis
there was no statistical difference in outcomes except for median length of stay (14 days vs 32 days p <
0.0001), which was shorter for the group receiving an oral switch.

Conclusions: There is clinical equipoise in whether patients in our centre receive an intravenous to oral switch for
uncomplicated SAB. Treatment of uncomplicated SAB with an intravenous to oral switch within 14 days,
demonstrated similar clinical outcomes to standard intravenous therapy with reduced length of stay.

Introduction

Staphylococcus aureus bacteraemia (SAB) is a serious infection,
associated with a mortality, at one month, of 18 %-30 % (Bai et al.,
2022; Kern, 2010). There is a high rate of complications, including
metastatic infection, local extension and relapse (Kern, 2010).

SAB can be classified as complicated e.g. deep seated or metastatic
infection or uncomplicated (Liu et al., 2011; Kaasch et al., 2015; Holland
et al., 2014) with important differences regarding treatment and prog-
nosis. The duration of treatment for uncomplicated SAB is widely
accepted to be a minimum of 14 days from the first negative blood

culture (Liu et al., 2011, Brown and Brown, 2021; Holland et al., 2014).
However, the optimal route of antibiotics for SAB is unknown, and there
has been a lack of agreement between guidelines (Liu et al., 2011; Brown
and Brown, 2021).

There is significant variability in practice amongst infection spe-
cialists, with a proportion advocating that an intravenous to oral switch
(IVOS) can be considered in uncomplicated SAB (Diallo et al., 2018).

The benefits of IVOS more generally include reducing the risk asso-
ciated with intravenous access, a shorter length of stay and reduced cost
and carbon footprint (Willekens et al., 2019; Kouijzer et al., 2021;
Walpole et al., 2023). However, the safety of an IVOS in SAB has not
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been proven, and current evidence regarding the route of antibiotics for
SAB is limited to largely observational studies.

Several retrospective studies of both uncomplicated and complicated
SAB have demonstrated a low rate of relapse associated with the use of
oral antibiotics, and no increase in mortality (Kouijzer et al., 2021; Platts
etal., 2022; Bupha-Intr et al., 2020; Gunter et al., 2022; Itoh et al., 2018;
Jorgensen et al., 2019). One prospective cohort study comparing
intravenous antibiotics with oral linezolid for low-risk SAB demon-
strated no statistically significant difference between the groups in 90-
day relapse and 30-day mortality (Willekens et al., 2019).

Interventional studies are required to evaluate the use of oral anti-
biotics for SAB. An ongoing randomised controlled trial is investigating a
switch to oral antibiotics after 5-7 days of IV therapy for SAB (Kaasch
et al., 2015). Meanwhile a platform trial is underway investigating
several aspects of antibiotic management of SAB including early oral
switch (Tong et al., 2022).

At our institution the management of uncomplicated SAB appeared
to be Inconsistent with regards to the choice, duration and route of
antibiotics. The aim of this study was to describe current management of
uncomplicated SAB and to compare the outcomes of patients receiving a
full course of intravenous therapy to those who received an oral switch.

Methods

This retrospective observational study included cases of SAB

242 patients 216 years old with Staphylococcus aureusin blood
culture

Exclusion criteria:
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identified via a search of the laboratory information management sys-
tem between November 2018 and February 2020 at a tertiary hospital,
Leeds Teaching Hospitals NHS Trust, in the United Kingdom. Adult
patients with SAB deemed to be uncomplicated at time of diagnosis were
included. Patients were deemed to have uncomplicated SAB if they did
not meet the criteria for complicated SAB (see Fig. 1). Clinical data for
each patient was manually retrieved via the electronic patient record
system, and prescribing data was collected via the electronic prescribing
system Medchart (CSC). The study was conducted with approval from
the Hospitals Caldicott guardian and informed consent was not required
from the patients.

Outcome parameters were 90-day relapse, defined as a new episode
of SAB within three months of completing treatment for an episode of
SAB; 30-day mortality, 90-day mortality and length of stay.

Continuous variables were described as means for normally distrib-
uted data and medians for skewed data, and categorical variables as
absolute count and relative percentage. Fisher’s exact test were used to
analyze categorical data, including death during admission, 30-day
mortality and 90-day relapse. Mann-Whitney U was used for contin-
uous data, including the length of stay outcome. Statistically signifi-
cance was identified at the 5 % level (P value < 0.05) and data was
analyzed with GraphPad, PRISM (version 10).

¢ Patients with blood cultures growing
additional significantisolates

* Patients with insufficient data

¢ Repeat blood cultures within 90 days of

an index blood culture

237 patients with uncomplicated and complicated Staphylococcus aureus bacteraemia

104 patients with uncomplicated
Staphylococcus aureus bacteraemia

1 patient did not
receive antibiotics.

Complicated Staphylococcus aureus bacteraemia

criteria:

¢ Deep seated focus e.g. endocarditis, osteomyelitis

* Evidence of metastatic Staphylococcal infection

¢ Prolonged bacteraemia, defined as repeat positive
blood culture with S. aureus after three days of
appropriate antimicrobial therapy and within 14 days
of the index culture

* Device-related infection where the device could not be
removed within 3 days of the index blood culture
being taken.

103 patient with uncomplicated
Staphylococcus aureus bacteraemia who
received antibiotics and wereincluded in

study

133 patients with complicated
Staphylococcus aureus bacteraemia -

excluded

Fig. 1. Study flowchart.
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Results

A total of 242 episodes of SAB were identified, of which, 103 (43 %)
were uncomplicated, received antibiotics and were included in the
analysis (Fig. 1). Baseline characteristics are shown in Table 1. Median
age was 68 (IQR, 52-81 years) ranging from 20 to 96 years old and males
made up 57.3 % (n = 59) of cases. A total of 56 cases (54.4 %) were
community acquired; defined as SAB in patients in whom one or more
positive blood culture was obtained within the first 2 days of admission.
The source was not confirmed in 37 (35.9 %) cases, only 21.1 % (n = 8)
of which received an IVOS. The most common confirmed source of
bacteraemia was intravascular catheters (19 cases, 18.4 %).

Of 104 patients with uncomplicated SAB, 103 received antibiotics.
The most commonly prescribed initial antibiotic prior to confirmation of
SAB was piperacillin-tazobactam (29 patients, 28 %). For methicillin-
susceptible SAB, the most commonly prescribed intravenous targeted
antibiotic was flucloxacillin (69/98 patients, 70 %). For methicillin-
resistant SAB, the most commonly prescribed targeted intravenous
antibiotic was teicoplanin (4/5 patients, 80 %).

A switch from IV to oral antibiotics took place for 38/103 (37 %)
patients with the majority of patients 71/103 (69 %) having 14 or more
days of antibiotics. The oral antibiotics used in our study for patients
with uncomplicated SAB, who received IVOS, were flucloxacillin (n =
32/38, 84 %), linezolid (n = 4/38, 11 %), trimethoprim-
sulfamethoxazole (n = 1/38, 3 %) and doxycycline (n = 1/38, 3 %).
The minimum duration of oral antibiotics received was 1 day with a
median duration across IVOS cases of 7 days.

Outcome characteristics

For the 103patients with uncomplicated SAB, 30-day mortality was

Table 1
Characteristics and treatment duration of patients with uncomplicated SAB.
Total, n = Complete IV*, n IVOS ,n=
103 =65 38
Male sex, n (%) 59 (57.3) 33 (50.8) 26 (68.4)
Median age, years (IQR) 68 (52-81) 69 (55-82.5) 66 (47-76)
Acquisition, n (%)
Community 56 (54.4) 35 (53.8) 21 (55.3)
Nosocomial 47 (45.6) 30 (46.2) 17 (44.7)
Source of infection, n (%)
Unknown 37 (35.9) 29 (44.6) 8(21.1)
Catheter-related 19 (18.4) 12 (18.5) 7 (18.4)
bloodstream infection
Skin and soft-tissue infection 14 (13.6) 8(12.3) 6 (15.8)
Peripheral cannula infection 12 (11.7) 6 (9.2) 6 (15.8)
Parotitis 3(2,9 0(0) 3(7.9)
Pneumonia 9(8.7) 6(9.2) 3(7.9)
Other’ 9(8.7) 4(6.2) 5(13.2)
MRSA, n (%) 5(4.9) 2(3.1) 3(7.9)
Charlson comorbidity index 85 (82.5) 57 (87.7) 28 (73.7)
>3, n (%)
Mean Charlson comorbidity 5(2.89) 5.1 (2.67) 4.9 (3.28)
index (SD)
Presence of fever at 72 hr, n 20 (19.4) 13 (20.0) 7 (18.4)
(%)
NEWS > 3, n (%) 33 (32.0) 24 (36.9) 9(23.7)
Median duration of antibiotics,
days (IQR)
Total 15 (11-17) 14 (6-17) 15
(13.75-17)
v 14 (6-17) 8 (4.75-10)
PO 0 7 (5-9.25)

" Patient group who received complete course of IV antibiotic therapy.

" Patient group who received an IV to oral switch of their antibiotic therapy.

! Other sources of uncomplicated Staph aureus bacteraemia included sub-
mandibular sialadenitis = 1, parotitis = 3, superficial thrombophlebitis = 1,
urinary = 3, groin abscess drained = 1, facial abscess = 1, periorbital cellulitis =
1, infected rectal stump = 1, contaminant = 1.
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significantly higher in the IV antibiotic group compared to the IVOS
group (37 % vs 16 %, p = 0.023) determined using the Fisher’s exact test
(Table 2). To determine whether there were significant differences in
comorbidities or severity of illness between the two groups, the Charlson
comorbidity index (CCMI), maximum CRP level within 72 h of blood
culture being taken, maximum National Early Warning Score (NEWS)
the day blood culture was taken and presence of fever day blood culture
was taken were compared between the two groups. There were no sig-
nificant differences in any of these measures respectively (mean CCMI 5
vs 5, p = 0.843, median CRP 164 vs 147, p = 0.296, median NEWS score
4 vs 3p = 0.386, 62 % vs 69 %, p = 0.516).

There was a group of patients 32/103 (31 %) who did not complete
14 days of antibiotics. Of these 21 (66 %) died before the 14 days with
the majority of these deaths (16/21; 76 %) occurring in the first 7 days of
antibiotic therapy. When excluding those who received less than 7 days
of antibiotics (n = 18 patients), 30-day mortality was similar between
the IV and IVOS group (17 % vs 16 %, p = 0.879) and there was no
statistically significant difference in death during admission and 90-day
relapse (Fig. 2.). For patients receiving at least 7 days of antibiotics the
length of stay was significantly shorter in the IVOS group, with median
of 14 days compared with 32 days for the IV group (p < 0.0001).

Discussion

In this study, relapse rates for patients who underwent intravenous to
oral switch were equivalent to patients managed with intravenous an-
tibiotics alone. When excluding patients who received fewer than seven
days antibiotics, 30-day mortality was equivalent between the two
groups. This is consistent with several other studies which have
demonstrated equivalent or better outcomes in patients who have un-
dergone an intravenous to oral switch for uncomplicated SAB (Platts
et al., 2022; Itoh et al., 2018; Jorgensen et al., 2019; Willekens et al.,
2019; Bupha-Intr et al., 2020). There was no significant statistical dif-
ference in comorbidity or severity of illness between the two groups.

In terms of notable differences in our cohort compared to previous
studies, firstly our cohort includes a higher proportion of community-
acquired cases (Platts et al., 2022; Liu et al., 2019). Secondly, the
source of bacteraemia was not identified in a large proportion of our
cohort, whereas the most frequent source in several other studies was
intravascular catheters (Platts et al., 2022; Itoh et al., 2018; Jorgensen
et al., 2019; Willekens et al., 2019). A possible concern could be an
undiagnosed deep source of infection, and that may explain why pa-
tients with unknown source were less likely to receive an IV to oral
switch. There seems to be no unifying regimen used for oral switch when
looking at other studies of IVOS, but one study, similar to ours, showed a
beta-lactam was the most commonly used antibiotic (Platts et al., 2022).
Oral beta-lactams have not historically been recommended for SAB due
to limited data and low bioavailability; the absolute bioavailability of
oral flucloxacillin is 54.4 + 18.8 % (Gath et al., 1995) compared to
almost 100 % with oral linezolid or trimethoprim-sulfamethoxazole.
However, with our IVOS being 84 % flucloxacillin and demonstrating
outcomes are no worse, we believe this is a future avenue to consider
and will be assessed in the early oral switch domain of the SNAP trial
(Tong et al., 2022). The duration of total therapy for uncomplicated SAB
patients was a median 15-day course, on par with that reported in other
studies of low-risk SAB (Willekens et al., 2019; Bupha-Intr et al., 2020)
and is associated with a shorter length of stay in hospital. Of note and for

Table 2
Outcomes of 103 patients with uncomplicated SAB.
IV (n = 65) IVOS (n = 38) P-value
Death during admission 25 (38 %) 7 (18 %) 0.047
30-day mortality 24 (37 %) 6 (16 %) 0.026
90-day relapse 1(2 %) 1(3 %) >0.999
Median length of stay, days (IQR) 22 (14-39) 14 (8.75-26.25) 0.073
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Fig. 2. Outcome of 85 patients with uncomplicated SAB who received >7 days antibiotics.

further research, the IVOS patient group received a median of 8 days IV
antibiotics, potentially supporting a switch at 7-8 days of IV.

This study has a number of limitations, given the design is an
observational, retrospective, single-centre study. It was not controlled
therefore the intravenous to oral switch, the timing of the switch, anti-
biotic choice and total duration of switch was at the discretion of the
treating physician. We only analyzed uncomplicated SAB. Given the
increasing body of evidence for using oral antibiotics in complex deep-
seated infections, further studies are required to investigate the role of
oral antibiotics in these infections when associated with SAB, which was
notably excluded in the OVIVA trial (Bejon et al., 2019). We plan for
further work looking at antibiotic management and outcomes in the
cohort of complicated infections. Furthermore, our cohort included very
few cases of MRSA (five, 4.8 %) and so the results are most applicable to
bacteraemia with methicillin-susceptible Staphylococcus aureus.

The strength of this study is that it is a pragmatically designed real-
life depiction of patients with uncomplicated SAB and their management
pathway. We included SAB with unknown source, an important and
significant portion of patients that has been historically removed from
analyses of similar studies (Chong et al., 2013). A further strength is that
this study looked at oral switch to any class of antibiotic and did not
limit analysis to one specific oral antibiotic class.

Conclusion

Our study adds to a limited pool of evidence in support of early oral
switch. This study suggests that treating uncomplicated SAB with an IV
to oral switch was comparable to continued IV therapy with lower
associated 30-day mortality. More work is required in the form of ran-
domized controlled trials to address this question and which antibiotics
and duration are suited for early oral switch.
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