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Background: Combination antibiotic therapy with an antitoxin agent, such as clindamycin, is included in some
guidelines for severe, toxin-mediated Staphylococcus aureus infections. The evidence to support this practice is
currently limited to in vitro, animal and observational human case-series data, with no previous randomized
controlled trials (RCTs).

Objectives: This pilot RCTaimed to determine the feasibility of conducting a clinical trial to examine if adjunctive
clindamycin with standard therapy has greater efficacy than standard therapy alone for S. aureus infections.

Methods:We performed an investigator-initiated, open-label, multicentre, pilot RCT (ACTRN12617001416381p)
in adults and childrenwith severe S. aureus infections, randomized to standard antibiotic therapywith orwithout
clindamycin for 7 days.

Results:Over 28 months, across nine sites, 127 individuals were screened and 34 randomized, including 11 chil-
dren (32%). The primary outcome—number of days alive and free of systemic inflammatory response syndrome
≤14 days—was similar between groups: clindamycin (3 days [IQR 1–6]) versus standard therapy (4 days [IQR 0–
8]). The 90 day mortality was 0% (0/17) in the clindamycin group versus 24% (4/17) in the standard therapy

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided
the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1 of 9

JAC Antimicrob Resist
https://doi.org/10.1093/jacamr/dlac014

JAC-
Antimicrobial
Resistance

mailto:anita.campbell2@health.wa.gov.au
https://orcid.org/0000-0002-1368-8356
https://orcid.org/0000-0001-9864-5699
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/jacamr/dlac014
https://academic.oup.com/


group. Secondary outcomes—microbiological relapse, treatment failure or diarrhoea—were similar between
groups.

Conclusions: As the first clinical trial assessing adjunctive clindamycin for S. aureus infections, this study indicates
feasibility and that adults and children can be incorporated into one trial using harmonized endpoints, and there
were no safety concerns. The CASSETTE trial will inform the definitive S. aureus Network Adaptive Platform (SNAP)
trial, which includes an adjunctive clindamycin domain and participants with non-severe disease.

Introduction
Invasive Staphylococcus aureus infections are common and
cause considerable mortality, particularly at the margins of the
age continuum.1 They are the most common infective reason
for admission to an ICU in both adults2 and children,3 with high
mortality identified amongst these cohorts: 23%–33% in adults4

and 9% in children.5 Contributing to this severe phenotype is the
ability of S. aureus to express multiple extracellular toxins that
cause additional tissue damage.6

Despite this disease burden, fewer than 3000 adults7 and 300
children8 have been randomly assigned into clinical trials to
assess the efficacy of treatments for S. aureus bacteraemia.
Hence, opinions on best management vary widely,9,10 with an
adjunctive protein synthesis inhibitor antibiotic suggested by
some experts in severe, toxin-mediated S. aureus infections.11–
13 Themost frequently used protein synthesis inhibitor in this set-
ting, clindamycin,10 decreases exotoxin production by binding to
the 50S bacterial ribosomal subunit.6 The evidence to support
adjunctive protein synthesis inhibitor use is currently limited to
in vitro, animal and observational human case-series data, with
no previous randomized controlled trials (RCTs).14

In this multicentre pilot RCT, we aimed to determine feasibility
and to inform the design of a definitive RCT, the S. aureus network
adaptive platform (SNAP) trial (https://www.snaptrial.com.au/).
One of the aims of the SNAP trial will be to examine if the addition
of clindamycin to standard antibiotic therapy (β-lactam, vanco-
mycin or daptomycin) has greater clinical efficacy than standard
therapy alone in adults and children with S. aureus infections. In
addition, we aimed to provide proof of concept of including adults
and children in the same RCT.

Methods
Study design and setting
We performed an investigator-initiated, open-label, multicentre, parallel-
group, pilot RCT across four states in Australia, at six adult and three
paediatric tertiary referral hospitals in adults and children with severe
S. aureus infections from July 2018 to October 2020. This trial was endorsed
by the Australasian Society of Infectious Diseases Clinical Research Network
(ASID-CRN) and registered with the Australian and New Zealand Clinical
Trials Registry (ACTRN12617001416381p). The published protocol14 was
prospectively approved at each participating site with ethical approval
(HREC/17/HNE/411). Written legal guardian (,18 years) or participant/
surrogate decision-maker (≥18 years) informed consent was required for
all participants before enrolment by the site principal investigator (PI).

Participants
Eligibility criteria were: hospital inpatients ≥28 days old expected to
remain an inpatient at the study site for ≥7 days post-randomization;
S. aureus cultured from ≥1 clinically relevant site (defined as any

specimen where the site investigator determines the organism to be con-
tributing to the patient’s clinical syndrome); and index tissue (including
blood) culture drawn within ≤48 h of hospital admission (to exclude
nosocomial infections) and ≤72 h pre-randomization. Evidence of severe
S. aureus disease was defined as at least one of the following: (i) septic
shock (Appendix S1, available as Supplementary data at JAC-AMR
Online);14 (ii) severe lung (necrotizing or multifocal pneumonia) or
pleural space infection (Appendix S2); or (iii) multifocal disease (.1 non-
contiguous site or .1 contiguous anatomical site involved).

To facilitate recruitment, after 12 months, the eligibility criteria for
multifocal infection was broadened (initially it only included .1 non-
contiguous site) to also include .1 contiguous anatomical site. The
rationale for this change was supported in the literature, with an associ-
ation of Panton–Valentine leucocidin (PVL)-positive S. aureus disease and
complicated osteomyelitis (thrombosis and pyomyositis).15,16

Exclusion criteria related to patients who: had significant immunosup-
pression (defined as prednisolone.0.5 mg/kg/day for≥14 days in the last
30 days, other immunosuppressive medication, known HIV with CD4 cell
count ,200 cells/mm3 or congenital immunodeficiency); were expected
to die within 24 h with or without treatment; had current severe diarrhoea
(defined as .6 stools per day or clinician-determined severe diarrhoea in
children) or onset of Clostridioides difficile-associated diarrhoea within
48 h prior to enrolment; had necrotizing fasciitis; were known to be preg-
nant; had a history of severe allergy to β-lactams, glycopeptides, lincosa-
mides or daptomycin; had previously participated in the trial or were
currently receiving a protein synthesis inhibitor antibiotic that could not
be ceased or substituted. Other exclusionswere the presence of polymicro-
bial culture containing other clinically significant isolates andwhere the pri-
mary clinician was unwilling to enrol the patient.

Randomization
Participants were randomized by a computerized central randomization
schedule generated by a statistician in a 1:1 ratio to standard therapy
(control group) or standard therapy plus clindamycin (adjunctive
clindamycin group), stratified by age (,18 years versus ≥18 years), in
permuted blocks of variable size. We pre-specified inclusion of one-third
of children in our target sample.

Procedures
Standard therapy comprised IV flucloxacillin, 4–6 hourly or cefazolin, 6–8
hourly (both 50 mg/kg/dose for MSSA) or IV vancomycin [with dosing
adjustments to maintain trough levels at 15–20 mg/L], daptomycin or
ceftaroline (Appendix S3) for MRSA. Clindamycin was given IV 10 mg/
kg/dose up to 600 mg four times daily or oral 450 mg three times daily
in adults (10 mg/kg/dose in children) for 7 days. The choice and duration
of standard antibiotic therapy and the decision to switch to oral clindamy-
cin were clinician determined.

Outcomes and measurements
The primary outcome was number of days alive and free of systemic
inflammatory response syndrome (SIRS) (defined asmeeting,2 simulta-
neous SIRS criteria on a calendar day) ≤14 days post-randomization
(Appendix S2). The secondary outcomes were: (i) all-cause mortality at
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14, 42 and 90 days; (ii) time to first resolution of SIRS (number of days un-
til the patient meets ,2 simultaneous SIRS criteria); (iii) proportion with
microbiological relapse by Day 90 (positive blood culture for S. aureus
≥72 h after a preceding negative culture); (iv) proportion withmicrobiolo-
gical treatment failure by Day 90 (positive sterile site culture for S. aureus
≥14 days after randomization); (v) number of surgical procedures needed
to achieve source control; (vi) duration of IV antibiotic treatment; (vii) C.
difficile-associated diarrhoea (three or more loose stools per day with a
positive laboratory test for C. difficile toxin); (viii) all cause diarrhoea (three
or more loose stools per day); and (ix) time to a ≥50% decrease in
C-reactive protein (CRP) in the first 14 days post-randomization (exclud-
ing participants missing a baseline CRP level).

Routine haematological parameters, repeat cultures, surgery for
source control for S. aureus, patient progress and treatment were
gathered from medical records, pathology results and treating teams
onto an electronic case report form on Days 1, 3, 7, 10 and 14 and then
weekly thereafter if an inpatient, and out to 90 days post-
randomization (REDCap database).17 All-cause mortality data were
collected through participant contact at 90 days or retrieved from
medical records. Adverse events (AEs) were captured daily whilst an in-
patient and up until 90 days post-randomization. All serious adverse
events (SAEs) as defined in the protocol14 to any of the study drugs
reported.

Laboratory methods
Identification of S. aureuswas based on routine phenotypic and/or geno-
typic methods used in clinical laboratories of participating hospitals.

Statistical methods
The principal analysis of both primary and secondary endpoints was ac-
cording to intention-to-treat principles. All participants with data avail-
able for the endpoint were analysed according to the treatment
allocation, regardless of what treatment they received. Analyses of ag-
gregated outcomes was initially performed by a statistician blinded to
treatment groups, who was subsequently unblinded. Summary statistics
were calculated for each outcome by trial arm and differences and 95%
CIs were calculated using appropriate regression models. Given that this
is a pilot study which is not powered for formal hypothesis testing, P va-
lues were not reported. All regression analyses were adjusted by the ran-
domization covariate of age group (,18 years versus ≥18 years), and
both unadjusted and adjusted estimates are reported.

For the primary outcome, days alive and free of SIRS, the difference
between treatment arms was estimated using a zero-inflated negative
binomial regression model, adjusted by days observed to account for
participants with missing data. Binary secondary outcomes were as-
sessed using logistic regression to estimate differences in proportions.
All-cause mortality in both treatment arms was illustrated in a Kaplan–
Meier survival curve. Competing risks regression was used to estimate
HR for time-to-event outcomes. Difference in number of surgical
procedures was estimated with negative binomial regression adjusted
for days observed. All analyses were performed using Stata v16.0
(StataCorp LLC, College Station, TX, USA).

We planned to enrol 60 patients, at least 20 of whom were aged,18
years. As a pilot study, the sample size was based on the number
achievable and the number needed to determine feasibility and to refine
assumptions and study design. No assumptions were made about the

Figure 1. Study flow diagram.
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rate of occurrence of the primary outcome in the control group nor for
anticipated treatment effects of the intervention.

Results
Over 28 months (July 2018–October 2020), across nine sites, 127
individuals were screened and 34 randomized from 40 eligible
participants (85% consent rate). The recruitment rate was 1.2
participants/per month. Key reasons for exclusion included: in-
ability to enrol participants within 72 h of the index culture (38/
127, 30%) and not meeting the severe S. aureus disease defin-
ition (27/127, 21%). Consented participants were randomized
to receive either standard therapy (n=17) or standard therapy
plus adjunctive clindamycin (n=17) (Figure 1).

The trial was stopped prior to the anticipated sample size of 60
patients due to the slow recruitment rate and because the SNAP
trial was planned to commence in 2021 and includes a domain
for adjunctive treatment with clindamycin.

Baseline characteristics were similar between groups (Table 1).
One third of the cohort were children,18 years (11/34, 32%) and
female (11/34, 32%). All S. aureus infections (34/34, 100%) were
community acquired and 24% (8/34) were caused by MRSA.

The majority of participants (32/34, 94%) met SIRS criteria on
Day 1 of randomization (Table 1). The median SOFA score in
adults was 7 (IQR 5–11) and underlying comorbidities were pre-
sent in 35% (8/23) of adults and 9% (1/11) of children. Half (18/
34, 53%) developed septic shock and 65% (22/34) required ad-
mission to the ICU, which was less frequent in children (4/11,
36%) compared with adults (18/23, 78%). Receipt of antibiotics
prior to randomization was frequent overall (32/34, 94%), includ-
ing with a β-lactam (32/34, 94%), vancomycin (28/34, 82%) or
protein synthesis inhibitor antibiotic (16/34, 47%).

The primary endpoint, number of days alive and free of SIRS,
was similar between the clindamycin group (median 3 days
[IQR 1–6]) and standard therapy group (4 days [IQR 0–8]; ad-
justed difference [aD] −0.31 days [CI −3.20, 2.57]) (Table 2).
For the secondary outcome of all-cause mortality, there were
no deaths (0/17, 0%) up to 90 days in the clindamycin group.
In the standard therapy group, 14 day mortality was 18% (3/
17) and 42 and 90 day mortality (all in adults) were 24% (4/17)
(Figure 2). There were no differences in microbiological relapse
(3/17, 18% versus 1/17, 6%; aD 12% [CI −10%, 33%]) or micro-
biological treatment failure (1/17, 6% in both; aD 0% [CI −16%,
16%]) in the clindamycin comparedwith standard therapy group.

All-cause diarrhoea occurred in 47% (8/17) of the clindamycin
group compared with 35% (6/17) of the standard therapy
group (aD 12% [CI −21%, 45%]), with one case (1/17, 6%) of
C. difficile-associated diarrhoea occurring in the standard therapy
group. The median days to first resolution of SIRS was equivalent
between groups; 9 days (CI 2–10) in the clindamycin and 9 days
(CI 5–12) in the standard therapy group; (adjusted hazard ratio
[aHR] 1.57 [CI 0.75, 3.31]). The median days until CRP decreased
by over 50%were similar between groups: 7 days (CI 3–14) in the
clindamycin group and 5 days (CI 3–7) in the standard therapy
group (aHR 0.59 [CI 0.30, 1.13]) (Table 2).

AEsweremore common in the clindamycin group (10/17, 59%)
compared with standard therapy (5/17, 29%) (Appendix S4).
Study investigators determined most events to be unrelated to
the study treatment and to be mild in severity.Pr
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Discussion
This is the first clinical trial to assess adjunctive clindamycin for
severe S. aureus infections. Key findings from the CASSETTE
trial include that it is feasible to conduct an RCT examining ad-
junctive clindamycin therapy, adults and children can be incor-
porated into one trial using harmonized endpoints, and there
were no serious safety concerns evident from this preliminary
cohort.

This study took almost 2.5 years to recruit a relatively small
number of participants despite a large cohort being screened
(34/127, 27%). This was due, in part, to difficulty identifying pa-
tients that met the severe S. aureus infection definition within
72 h of the index culture (Figure 1), with trial recruitment per-
formed during the working week by clinician study investigators.
This information has provided future direction for the planned
SNAP trial, which will expand inclusion criteria to all individuals
with S. aureus bacteraemia, regardless of illness severity and

contain an adjunctive clindamycin domain. Importantly, clinician
equipoise and patient acceptability were high, with 85% of eligible
participants providing consent and no participant withdrawals or
discontinued interventions noted (Figure 1). This trial experience
confirms feasibility and has progressed the partnerships needed
for a robust adult and paediatric infectious diseases trial network.

This pilot RCT has also provided insights into the utility of trial
endpoints. The primary endpoint (number of days alive and free
of SIRS), was pragmatically selected, given the availability of a va-
lidated scoring system that aligns in both adults18 and children.19

It was reasoned it would reflect decreased systemic inflamma-
tion due to decreased exotoxin production. Despite the rationale,
the primary outcome, days alive and free of SIRS, were compar-
able, yet a difference in mortality was demonstrated (0% [0/17]
90 daymortality: clindamycin group versus 24% [4/17]: standard
therapy group), although small numbers limit any definitive con-
clusions. Given these hypothesis-generating findings, and the
much larger planned sample size for the SNAP trial, the more

Table 2. Primary, secondary and post-hoc outcomes in the standard therapy versus the adjunctive clindamycin therapy group, including summary
statistics and estimates for the difference in outcome between groups

Standard therapy,
n=17

Adjunctive clindamycin
therapy, n=17

Unadjusted Adjusted

estimate 95% CI estimate 95% CI

Estimated differences in count, including the primary outcome of days alive and free of SIRS
Days alive and free of SIRSa, mean (SD)/
median (IQR)

4.59 (4.11)/4 (0–8) 4.76 (4.87)/3 (1–6) 0.05 −2.99, 3.09 −0.31 −3.20, 2.57

Number of surgical procedures, mean (SD)/
median (IQR)

0.65 (1.06)/0 (0–1) 1.18 (1.63)/1 (0–2) 0.35 −0.53, 1.23 0.35 −0.53, 1.23

Length of stay, daysb, median (IQR) 15 (10–31) 29 (15–46) — — — —

Days of bacteraemiab, median (IQR) 2 (1–5) 3 (1–8) — — — —

Days febrileb, median (IQR) 2 (0–7) 3 (1–6) — — — —

Estimated differences in probability
All-cause mortalityc, n (%)
Day 14 3/17 (18) 0/17 (0) — — — —

Day 42 4/17 (24) 0/17 (0) — — — —

Day 90 4/17 (24) 0/17 (0) — — — —

Microbiological relapsed, n (%) 1/17 (6) 3/17 (18) 12% −10%, 33% 12% −10%, 33%
Microbiological treatment failuree, n (%) 1/17 (6) 1/17 (6) 0% −16%, 16% 0% −16%, 16%
C. difficile-associated diarrhoeac,f, n (%) 1/17 (6) 0/17 (0) — — — —

All cause diarrhoeag, n (%) 6/17 (35) 8/17 (47) 12% −21%, 45% 12% −21%, 45%
Estimated hazard ratios, where standard therapy is considered the reference
Days to first resolution of SIRSh, median
survival (95% CI)

9 (5, 12) 9 (2, 10) 1.53 0.72, 3.27 1.57 0.75, 3.31

Days till CRP .50% decreasei, median
survival (95% CI)

5 (3, 7) 7 (3, 14) 0.55 0.30, 0.99 0.59 0.30, 1.13

aNumber of days patient is alive and meets ,2 simultaneous SIRS criteria on a calendar day within ≤14 days post-randomization.
bPost-hoc outcome: summary statistics presented only.
cDifference in probability unable to be estimated due to zero events in one group.
dPositive blood culture for MSSA or MRSA at least 72 h after a preceding negative culture within ≤14 days post-randomization.
ePositive sterile site culture for MSSA or MRSA .14 days after randomization.
fThree or more loose stools per day along with a positive laboratory test for C. difficile toxin.
gThree or more loose stools per day.
hNumber of days until the patient first meets ,2 simultaneous SIRS criteria on a calendar day.
iNumber of days till CRP decreases by .50% ≤14 days post randomization.
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clinically relevant endpoint of all-cause mortality20 has been se-
lected as the primary outcome for this planned RCT.

In the CASSETTE trial, mortality in the standard treatment arm
occurred only in adults andwas consistent withmortality in other
adult S. aureus bacteraemia trials.1,2 To have no deaths in the
clindamycin arm despite balanced groups with severe disease
suggests a possible benefit of clindamycin, but this could have oc-
curred by chance given the small numbers. In the literature the
human clinical studies previously examining adjunctive clinda-
mycin include only four case series in the setting of necrotizing
pneumonia (n=92 adults/adolescents),21 skin and soft tissue in-
fections (SSTIs) (n=269 adults),22 severe influenza-MRSA pneu-
monia (n=29 children)23 and PVL-positive invasive S. aureus
infections (n=141 adults).24 Two case series in the severe pneu-
monia setting demonstrated lowermortality with adjunctive pro-
tein synthesis inhibitor antibiotics compared with standard
therapy alone,21,23 but all have major study design limitations.
A definitive trial is needed to objectively determine if this ob-
served mortality difference reflects a true benefit or a chance
finding.

The burden of daily data collection for the primary endpoint
was evident. This has since been refined to a single study time-
point (Day 5) for the equivalent secondary outcome in SNAP.

In addition, the statistical model for SNAP acknowledges the in-
frequent occurrence of trial endpoints in children (particularly
death, 0/11, 0%) and will incorporate Bayesian hierarchical
models that specify borrowing of data from adult patients to
children.25,26 This pilot RCT has importantly enabled significant
refinement of trial design in preparation for the definitive
SNAP trial.

Limitations of this study include a small sample size, limiting
conclusions regarding efficacy and mortality between treatment
groups. However, this was a pilot RCTdesigned primarily to assess
feasibility. There were somemissing data points, however primary
and key secondary outcomes including death and relapse were
complete. We were unable to assess the total duration of IV anti-
biotic therapy or timingof IV to oral switch due to incomplete data.
Some of the standard therapy group received adjunctive clinda-
mycin prior to enrolment, which may have impacted results.
There was no placebo available in the standard therapy group.

Lessons from the CASSETTE trial will inform the SNAP trial,
which includes an adjunctive clindamycin domain and will be
powered to determine whether clindamycin reduces the likeli-
hood of death. Incorporating both adults and childrenwith S. aur-
eus infections in an RCT is feasible, despite challenges in analysis
and data interpretation.

Figure 2. Kaplan–Meier survival curves and 95% CI for all-causemortality in the standard therapy (n=17) and clindamycin therapy (n=17) treatment
groups. We were unable to estimate 95% CIs for clindamycin therapy due to zero events in that group.
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