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Abstract

Background The most recent version of the Infectious Diseases Society of America guidelines for the treatment of methicil-
lin-resistant Staphylococcus aureus infections states that a single set of negative blood cultures is sufficient to demonstrate
clearance of bacteremia. However, S. aureus might exhibit fluctuating blood culture positivity, labeled as “the skip phenom-
enon”. Our objectives were to determine the prevalence of the skip phenomenon in a cohort of hospitalized patients with S.
aureus bacteremia and to determine the associated clinical variables.

Methods We conducted a nested case—control study, using a previous cohort of 757 adult inpatients between July 2006 and
June 2011 with > 3 days of S. aureus bacteremia. Each case of S. aureus bacteremia with the skip phenomenon was matched
to 2 to 4 controls based on age, gender, and duration of bacteremia. The association of clinical characteristics with the skip
phenomenon was analyzed via conditional logistic regression.

Results Of the 757 patients in the cohort, 29 (4%) had the skip phenomenon. 26 (90%) patients in the cases group were male.
The median age was 69.4 years (interquartile range [IQR] 58.7 to 80.3). Although an attempt to match for the duration of
bacteremia was done, there was a statistically longer duration in patients with cases as compared to that in controls (median
[IQR], 10 [7-12] days, vs 8 [6-10] days; P = 0.015). Accordingly, duration of bacteremia was adjusted for in regression
models. Notably, 26 (90%) patients in the case group were receiving chronic immunosuppressive therapy, as compared to
69 (79%) patients in the control group (P = 0.427).

Conclusion Our findings prompt consideration of a practice chance to obtain serial negative blood cultures to ensure clear-
ance of bacteremia among patients with S. aureus bacteremia.
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supplementary material, which is available to authorized users. bloodstream infections with mortality rates ranging from

20 to 40% [1]. The latest Infectious Diseases Society of
America guidelines for the treatment of methicillin-resist-
ant S. aureus infections suggest that a single set of negative
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studies have described “breakthrough bacteremia”, which
refers to continuous or new-onset bacteremia whilst receiv-
ing appropriate antibiotics against the microorganism recov-
ered in the blood cultures [5]. Breakthrough bacteremia may
seem similar to the skip phenomenon; however, it is defined
based solely on the presence of positive blood cultures while
receiving appropriate antimicrobial therapy and does not
require previous documentation of blood culture clearance,
which is the hallmark of the skip phenomenon. The skip
phenomenon may be a distinct clinical entity that could have
significant clinical implications related to treatment, prog-
nosis, and healthcare resource utilization for patients with
S. aureus bacteremia. The objectives of this study were to
determine the overall prevalence of the skip phenomenon
within a cohort of patients with S. aureus bacteremia and
their clinical characteristics.

Methods
Cohort selection

The study was designed as a case—control nested within a
previously collected, prospective cohort of adult patients
(age > 18 years) hospitalized at Mayo Clinic with at least
3 days of S. aureus bacteremia from July 2006 to June 2011
[6]. Inclusion in the cohort was based on blood cultures
growing S. aureus in the microbiology laboratory database.
Patients with bacteremia lasting less than 3 days, those with
insufficient data, and those who declined research authoriza-
tion were excluded from the study.

Definitions

Blood cultures with documented growth of S. aureus were
considered positive. The first positive blood culture was
designated as the index positive blood culture and a nega-
tive culture on the nearest day following a positive culture
was considered to represent clearance of bacteremia. Skip
phenomenon was defined as at least 1 day of negative blood
cultures following documented S. aureus bacteremia and
preceding recurrence of a positive blood culture.

Since we did not have genotyping done to compare
strains, antimicrobial susceptibility data were used as a
substitute to better ensure that a recurrence was caused by
growth of the same strain of organism rather than de novo
infection with a new strain of S. aureus. Using susceptibil-
ity data is an acknowledged limitation, however, as differ-
ent strains may have identical susceptibilities, and the same
strain may develop resistance during antimicrobial exposure.
Cases of S. aureus bacteremia were classified as commu-
nity acquired, healthcare associated, or nosocomial, based
on definitions outlined by Friedman et al. [7].
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Selection of cases and controls

Each case was matched with two to four controls from the S.
aureus bacteremia cohort, based on age, gender, and dura-
tion of bacteremia. Predetermined demographic and clinical
characteristics were then collected from the cohort database
and additional pertinent information was obtained from elec-
tronic medical records. All study data were de-identified
and compiled in a password-protected database accessible
only to the investigators. The Mayo Foundation Institutional
Review Board reviewed and approved the study.

Analysis of demographic data

Descriptive statistics for variables included in the study are
presented as mean [standard deviation (SD)], median [inter-
quartile range (IQR)], or frequency (percentage), depending
on the most appropriate measure for the variable. Associa-
tions between clinical characteristics (including preexisting
diseases, implanted devices/hardware, bacterial susceptibil-
ity, and treatment regimen) and the skip phenomenon were
analyzed using matched analysis via conditional logistic
regression. Statistical significance was determined by P
values <0.05.

Analysis of outcome data

Comparisons of in-hospital death between matched groups
were assessed using logistic regression models with and
without adjustment for age, sex and duration of bactere-
mia, and using generalized estimating equations (GEE) to
account for correlated data within matched sets. Cox propor-
tional hazards (PH) regression models were fitted for time to
discharge to assess the association of the skip phenomenon
with length of stay before and after adjustment for age, sex
and duration of bacteremia. A robust sandwich estimator of
the variance—covariance matrix was used to account for cor-
relation within matched sets, and death before discharge was
treated as a competing event in the model. Poisson regres-
sion models were used to test the difference in incidence of
central venous catheter insertion between matched groups
before and after adjustment for age, sex and duration of bac-
teremia, with GEE to account for matching. The model was
formulated with the number of central venous catheters as
the dependent variable and with the number of hospital days
as an offset variable to standardize the counts to rates.

Selection of covariates

Variables that were considered to possibly be associated
with the skip phenomenon were selected a priori based on
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review of the literature and included: medical comorbidities
(active malignancy, chronic skin condition, diabetes mel-
litus, > 30 days of immunosuppressive therapy, hemodialy-
sis dependence, HIV infection, liver disease/cirrhosis, and
tobacco use preceding hospitalization), presence of medi-
cal hardware (Cardiovascular implantable electronic device
(CIED), prosthetic joint, prosthetic/mechanical heart valve,
and prosthetic vascular graft), deep-seated infection (CIED
infection, deep-seated abscess, endocarditis, osteomyelitis/
diskitis, and septic arthritis), along with microbiologic data
(oxacillin susceptibility, site of onset, and main antimicro-
bial agent used for treatment).

Results
Study population and matching

A total of 757 patients were identified with S. aureus bacte-
remia during the study period and 31 were excluded as they
had declined research authorization (Fig. 1). Of the remain-
ing 726 patients, 29 (4%) had blood cultures that demon-
strated the skip phenomenon (Table 1). Ninety percent of
the cases were male, with a median age of 69.4 years (IQR
58.7-80.3). A total of 87 control patients were matched to
the case group based on sex, age, and duration of bacteremia.
Despite our attempts to match for duration of bacteremia,

Table 1 Matching between cases and controls

Variable Skip phenomenon Control (n=87) P value
(n=29)
Male sex 26 (90%) 80 (92%) -
Age (years) 69.4 (58.7, 80.3) 69.9 (60.6, 81.1) 0.397
Duration of 10.0 (7.0, 12.0) 8.0 (6.0,10.0) 0.015
bacteremia
(Days)*

Continuous variables are reported as quartiles [median (25th, 75th
percentile)], and categorical variables are presented as counts (per-
centages)

*Median duration was used to impute missing values on eight sub-
jects (results of group comparison with and without imputed data
were nearly identical)

there remained a statistically longer duration among cases
as compared to that for controls, (median [IQR], 10 [7-12]
days vs 8 [6-10] days; P=0.015). Accordingly, duration of
bacteremia was adjusted for in regression models.

Clinical characteristics

Chronic medical conditions such as diabetes mellitus, hemo-
dialysis due to end-stage kidney disease, liver disease, cir-
rhosis and pneumonitis were present in largely equal pro-
portions between case and control groups (Table 2). Active

N=757
All patients with S. aureus bacteremia cohort screened for inclusion

N=31
Excluded

(Declined research authorization)

N=726
Screened for skip phenomenon

N=29
Patients identified with skip phenomenon

N=87
S. aureus included in matched controls

Fig. 1 Study population. This diagram shows the total number of patients in the initial S.aureus bacteremia cohort and the subset of cases and

matched control patients that were identified
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Table 2 Comparison of clinical variables for cases and matched controls

Variable No. missing SP cases (n=29) Controls (n=87) P value
(total, %)
Medical comorbidities
Active malignancy 1 (1%) 7 (25%) 14 (16%) 0.218
Chronic immunosuppressive therapy (> 30 days) 0 26 (90%) 69 (79%) 0.427
Chronic skin condition 0 5(17%) 15 (17%) 0.943
Diabetes mellitus 0 14 (48%) 37 (43%) 0.965
Hemodialysis dependent 0 3(10%) 13 (15%) 0.753
HIV 0 0 (0%) 0 (0%) -
Liver disease/cirrhosis 0 3(10%) 11 (13%) 0.892
Tobacco use, yes 0 4 (14%) 5 (6%) 0.151
Implanted hardware
Cardiovascular implantable electronic device (CIED) 0 7 (24%) 13 (15%) 0.723
Central venous catheter (CVC) 0 7 (24%) 18 (21%) 0.778
Prosthetic joint 0 3 (10%) 15 (17%) 0.295
Prosthetic valve 0 0 (0%) 5 (6%) 0.993
Prosthetic vascular graft 0 2 (7%) 8 (9%) 0.601
Deep-seated infection
CIED infection 0 5 (17%) 9 (10%) 0.654
Deep-seated abscesses 0 7 (24%) 21 (24%) 0.986
Endocarditis 0 9 (31%) 22 (25%) 0.995
Osteomyelitis/discitis 0 3 (10%) 17 (20%) 0.156
Pneumonitis/ARDS 2 (2%) 3 (10%) 11 (13%) 0.674
Septic arthritis 1(1%) 5(17%) 21 (24%) 0.298
Site of S. aureus bacteremia onset 0 0.239
Community onset 5(7%) 27 (31%)
Healthcare associated 19 (66%) 47 (54%)
Nosocomial 5(17%) 13 (15%)

Categorical variables are presented as counts (percentages)

HIV human immunodeficiency virus, CVC central venous catheter, CIED cardiovascular implantable electronic device, ARDS acute respiratory
distress syndrome, SAB Staphylococcus aureus bacteremia, SP skip phenomenon

malignancy, tobacco use, and immunosuppressive therapy
> 30 days were present in slightly higher proportions in the
skip phenomenon group, although differences in the two
cohorts failed to reach statistical significance (Table 2).

Patients with skip phenomenon had a higher proportion
of cardiovascular implantable electronic devices and central
venous catheters as compared to that of the control group,
but the difference did not reach statistical significance.
Deep-seated infections followed a similar pattern, with
slightly higher proportion of CIED infections and endocar-
ditis among cases vs control patients, without reaching sta-
tistical significance (Table 2).

The site of onset of S. aureus bacteremia did not differ
significantly between cases and control groups (P =0.239).

Oxacillin susceptibility was somewhat higher (59%) in
the skip phenomenon group isolates than that (49%) in the
control population, however, it was not statistically sig-
nificant (P =0.292). Anti-staphylococcal penicillins were
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selected as the primary antibiotic in near-equal proportions
for both cases and controls (Table 3). The primary antimi-
crobial agent as a variable failed to meet statistical signifi-
cance (P=0.355). In addition, completion of the antibiotic
course was similar between the cases (83%) and control
(84%) groups (P=0.805).

Outcomes

A median of three (IQR 1-4) central venous catheters (CVC)
were placed per patient with blood cultures demonstrating
the skip phenomenon as compared to a median of two (IQR
1-3) central venous catheters per control patient over the
course of hospitalization (Table 4). This equated to a higher
rate of central venous catheter insertion prior to hospital
discharge among cases: 13.1 (95% CI 10.4-16.3) CVCs
inserted per 100 patient-hospital days, versus 9.5 (95% CI
8.2-11.0) CVCs per 100 patient-hospital days in the control
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Table 3 Comparison of microbiologic variables for cases and matched controls

Variable No. missing (total,  SP cases (n=29) Controls (n=87) P value
%)
S. aureus susceptibility to oxacillin 0 0.292
Susceptible 17 (59%) 43 (49%)
Resistant 12 (41%) 44 (51%)
Primary antimicrobial agent used for treatment 0 0.355
Anti-staphylococcal penicillin 4 (14%) 16 (18%)
Cephalosporin 10 (35%) 23 (26%)
Vancomycin 9(31%) 38 (44%)
Daptomycin 5(17%) 9 (10%)
Linezolid 1 (3%) 1 (1%)
Categorical variables are presented as counts (percentages)
Table 4 Comparison of clinical outcomes for SP cases and matched controls
Outcome SP cases (n=29) Controls (n=87) P value before P value
adjustment after adjust-
ment
Death before hospital discharge 14 (48%) 25 (29%) 0.081 0.274
Median hospital length of stay, days (IQR) 16 (11, 25) 18 (10, 27) 0.205 0.557
CVCs inserted before hospital discharge
Number of CVCs per patient, median (IQR)? 3(1,4) 2(1,3) - -
Rate per 100 patient-hospital days (95% CI)® 13.1 (10.4-16.3) 9.5 (8.2-11.0) 0.013 0.048

Continuous variables are reported as quartiles® [median (25th, 75th percentile)] and means mean rate (95% CD)]. Categorical variables are pre-

sented as counts (percentages)

group (adjusted P=0.048). Median hospital length of stay
was similar between the two groups. Death before hospi-
tal discharge did not reach statistical significance (adjusted
P=0.274).

Discussion

In this study, we describe a clinical entity of “the skip phe-
nomenon” among patients with S. aureus bacteremia and
associated clinical characteristics. Establishing clearance
of blood stream infection with follow-up cultures is one of
evidence-based quality-of-care indicators for management of
S. aureus bacteremia and adherence to the indicators have
resulted in an improved prognosis and lower 30-day mortal-
ity [8]. Given the importance of establishing the timing of
blood culture clearance, awareness of the skip phenomenon
may have clinical implications.

In our study, we examined multiple candidate risk factors
and only prolonged duration of bacteremia reached statistical
significance. This finding is consistent with previous studies
that demonstrated a higher risk of recurrence in patients with
a longer duration of bacteremia. Several covariates (tobacco
use, chronic immunosuppression, and active malignancy)

were present in higher proportions in patients with skip phe-
nomenon bacteremia and trended towards statistical signifi-
cance. Interestingly, neither the presence of medical devices
nor deep-seated infection was associated with the skip phe-
nomenon, in contrast to previous studies that noted higher
rates of recurrence and morbidity in those groups [4]. There
was a non-significant trend towards oxacillin susceptibility
in the cases, contrary to previous studies that showed an
association between methicillin resistance and recurrence
[9]. A thorough review of the medication administration
records did not reveal missed antibiotic doses preceding
the recurrence of positive blood cultures and the choice of
antimicrobial agent and dosing regimen was appropriate in
all patients.

Daptomycin and cephalosporins were used in larger pro-
portions of patients with skip phenomenon, as compared to
that in the matched controls. Conversely, vancomycin was
selected as the primary antimicrobial agent in a larger pro-
portion of the control group. However, the choice of primary
antimicrobial agent did not reach statistical significance. A
recent multicenter cohort study comparing cloxacillin and
cefazolin for treatment of methicillin-susceptible S. aureus
bacteremia showed a similar, non-significant trend toward
relapse in the cefazolin group [10]. Interestingly, a more
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recent cohort study examining cefazolin versus nafcillin or
oxacillin for definitive treatment of MSSA bacteremia found
significantly lower mortality rates at 30 and 90 days for those
treated with cefazolin, though the same non-statistically sig-
nificant trend towards higher rates of recurrent bacteremia
was also seen in the cefazolin group [11]. In both studies,
recurrence was defined as blood culture positivity following
completion of antibiotics, which is distinct from the skip
phenomenon. Contrary to this observed trend, results of a
recent meta-analysis of 14 non-randomized studies showed
that cefazolin was at least as effective as anti-staphylococcal
penicillins for treatment of infections due to methicillin-
susceptible S. aureus and was associated with lower rates
of renal toxicity [12].

In previous investigations, community-onset bacteremia
was associated with higher rates of recurrence. In our study,
however, community onset of SAB occurred in a higher pro-
portion in the control group, and healthcare-associated SAB
trended towards a higher proportion in the cases.

The patients with the skip phenomenon had an additional
central venous catheter placed over the course of their hos-
pitalization, compared to the controls. Because the skip
phenomenon involves an unexpected recurrence of blood
culture positivity following apparent clearance, it has the
potential to make the determination of true clearance more
difficult, possibly placing these patients at risk of having
central venous catheters prematurely placed. Based on
these observations, it could be argued that serial negative
blood cultures should be obtained to document clearance in
patients with the clinical characteristics of the patients with
the skip phenomenon in our study (i.e., males over 65 years
of age with chronic immunosuppression and prolonged dura-
tion of bacteremia).

There was a trend toward higher mortality in the cases but
failed to reach statistical significance. This trend might be
explained by the increased duration of bacteremia observed
in cases, as prolonged bacteremia is associated with higher
mortality. Interestingly, other factors previously associated
with increased mortality in SAB patients (e.g., methicil-
lin resistance, deep-seated infections, HIV infection, etc.)
were not present in higher proportions in the cases and are
unlikely to be contributory.

The current study has several limitations. It was per-
formed at a single, academic, quaternary referral center
which may predispose to a population of patients with
a more complication infection. It was retrospective in nature,
which precludes determination of causality and predisposes
the work to several forms of bias. Generally, case—control
investigations have a higher risk of recall bias, although we
sought to limit this by nesting our case—control study within
an established, prospectively collected database. Patient
recall was never evaluated, as all included data points were
collected directly from electronic medical records.
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Conclusion

This study describes the epidemiology and clinical char-
acteristics of “the skip phenomenon” among patients with
S. aureus bacteremia. Although its pathogenesis remains
undefined, it raises the question if a single set of negative
blood cultures is sufficient to ensure clearance of S. aureus
bacteremia. The predominance of older males receiving
chronic immunosuppressive therapy with a prolonged dura-
tion of bacteremia among cases is noteworthy and prompts
consideration to obtain serial negative blood cultures (with
two sets drawn at least 48 h after the first negative blood cul-
tures) in this subpopulation. Future work includes evaluation
of large multi-institutional databases to further examine the
skip phenomenon.
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