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Abstract

Background 1In the absence of positive cultures and
draining sinuses, the diagnosis of periprosthetic joint
infection (PJI) relies on laboratory values. It is unknown if
administration of antibiotics within 2 weeks before diag-
nostic evaluations can affect these tests in patients with PJI.
Questions/purposes The purpose of this study was to
investigate the correlation of antibiotic administration with
(1) fluctuations in the synovial fluid and serology labora-
tory values; and (2) sensitivity of the diagnostic tests in
patients with late PJI (per Musculoskeletal Infection
Society [MSIS] criteria).

Methods Synovial white blood cell (WBC) count, poly-
morphonuclear neutrophil (PMN) percentage, and serum
erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP) as well as culture results were investigated in
161 patients undergoing total knee arthroplasty with late
PJI diagnosed with the MSIS criteria. Depending on
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whether presampling antibiotics were used, patients were
divided in two groups (53 [33%] patients were on antibi-
otics). The median laboratory values and the false-negative
rates were compared between the two groups.

Results The median of all variables were lower in the anti-
biotic group compared with the other group: ESR (mm/hr):
70 versus 85, difference of medians (DOM) = 15 mm/hr,
p = 0.018; CRP (mg/L): 72 versus 130, DOM = 58 mg/L,
p = 0.038; synovial WBC (cells/pL): 29,170 versus 46,900,
DOM = 17,730, p = 0.022; and synovial PMN%: 88.5%
versus 92.5%, DOM = 4%, p = 0.012. Furthermore, using
the MSIS cutoffs, the false-negative rates of several
parameters were higher in the antibiotic group; ESR: 19.2%
(nine of 47) versus 6.1% (six of 99) (relative risk, 3.1; 95%
confidence interval [CI], 1.2-8.3; p = 0.020); CRP: 14.9%
(seven of 47) versus 2.00% (two of 100) (relative risk, 7.4;
95% CI, 1.6-34.4); PMN%: 23.1% (12 of 52) versus 9.4%
(10 of 106) (relative risk, 2.4; 95% CI, 1.1-5.2; p = 0.027).
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Patients in the antibiotic group also had higher rates of
negative cultures: 26.4% (14 of 53) versus 12.9% (14 of 108)
(relative risk, 2.0; 95% CI, 1.05-3.9; p = 0.046).
Conclusions It appears that premature antibiotic treat-
ments are associated with lower medians of diagnostic
laboratory values. Thus, and in line with the guideline rec-
ommendations of the American Academy of Orthopaedic
Surgeons, patients with suspected late-PJI should not receive
antibiotics until the diagnosis is reached or refuted.

Level of Evidence Level 111, diagnostic study.

Introduction

The diagnosis of periprosthetic joint infection (PJI)
remains a challenge with no definitive standards. To
address this issue, the Musculoskeletal Infection Society
(MSIS) has recommended criteria to better define and
diagnose PJI, criteria that underwent a modification during
the 2013 International Consensus Meeting (ICM) on PJI
[18, 21]. Proper diagnosis of PJI relies on a detailed patient
history, physical examinations, serologic tests, and radio-
logic assessments [1, 20, 22]. Additionally, isolation of the
microorganism is imperative for proper diagnosis and
successful treatment of the patient with PJI [18, 22].
However, the available tests for diagnosis of PJI are far
from perfect. Cultures, for example, are negative in 7% to
12% of patients with PJI [5, 10, 16, 19]. Culture-negative
PJI can potentially complicate case classification and
management and is an additional source of stress for both
the patient and surgeon. Antimicrobial treatments have
been reported to be a cause of culture-negative PJI [5, 17].

According to the definition of PJI, in the absence of
major criteria, ie, communicating sinus tract or two posi-
tive cultures, serologic results are the bedrock of diagnosis
[18]. Although the adverse effects of antibiotic adminis-
tration on culture results has been well studied [5, 15, 26]
and the clinical practice guideline of the American Acad-
emy of Orthopaedic Surgeons (AAOS) recommends
withholding antibiotics for at least 2 weeks before aspira-
tion to increase the culture yield [8], it is still unknown
whether preaspiration antibiotic administration can affect
synovial fluid cell counts and serology results.

The purpose of our comparative study was to evaluate
the association of preaspiration antibiotic administration
with (1) fluctuations in synovial fluid white blood cell
(WBC) count, polymorphonuclear neutrophil (PMN) per-
centage, serum erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP); and (2) sensitivity of the diag-
nostic tests in patients with PJI (per MSIS criteria) and the
risk of culture-negative PJL.

Materials and Methods

After institutional review board approval, we retrospec-
tively evaluated data in the prospective PJI databases of
three institutions. Patients with late PJI after TKA, who had
been treated for PJI between May 2001 and May 2013,
were included for study consideration. The clinical and
electronic charts were queried to determine if any of the
patients had received intravenous and/or oral antibiotic
within 2 weeks before initiation of investigations (joint
aspiration and serologic marker measurements) for diag-
nosis of PJI. The following variables were then obtained
for both groups—patients who did and patients who did not
receive antibiotic therapy: synovial fluid WBC count, PMN
percentage, serum ESR, CRP, organism profile, antibiotic
type, and administration duration.

Study inclusion criteria were (1) patients who underwent
TKA; and (2) developed PJI (met the MSIS diagnostic
criteria for PJI [Table 1]); and (3) with preaspiration anti-
biotic information available in the medical records.
Excluded were patients with (1) systemic inflammatory
disease (such as rheumatoid arthritis [RA], systemic lupus
erythematous [SLE]); (2) immunosuppressive therapy; or
(3) patients with early postoperative PJI, because synovial
and serologic markers are not reliable parameters for
diagnosis of PJI in this setting [6, 14]. Reviewing more
than 1100 infected patients in the database of the three
participating centers, 182 patients were identified with a
documented note about their antibiotic administration sta-
tus. The patients were then categorized into two groups
based on the history of antimicrobial treatments before
diagnostic tests. Sixty-five patients received antibiotics,
whereas 117 did not receive any antimicrobials before
aspiration. Among the patients who were on antibiotics,
seven patients had RA, four patients developed PJI within
30 days of their index surgery, and one was receiving
sirolimus (due to a history of kidney transplant) and were
therefore excluded. In the other group, patients who did not
receive antibiotics, six patients underwent TKA as a result
of RA and three patients developed PJI within 30 days of
the index surgery and were excluded. We ended up having
161 patients with 53 (33%) patients on antibiotics
(Table 2).

Serum ESR, serum CRP, synovial fluid WBC count,
synovial fluid neutrophil percentage, and synovial fluid
culture results were recorded for each patient. The median
for each test was calculated for patients with and without
antibiotic treatment before testing. Additionally, the rates
of false-negative results were calculated for each diag-
nostic test using the MSIS criteria cutoff values as a
standard [18].
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Table 1. Definition of PJI according to the ICM workgroup and threshold for the minor diagnostic criteria

PJI is present when 1 of the major criteria or 3 of 5 minor criteria exist

Major criteria
OR
(2) A sinus tract communicating with the joint

Minor criteria

Acute PJI (<90 days)

(1) 2 positive periprosthetic cultures with phenotypically identical microorganism

Chronic PJI (>90 days)

(1) Elevated serum CRP 100 mg/L 10 mg/L
AND No threshold 30 mm/hr
ESR

(2) Elevated SF WBC count OR
Changes in the leukocyte esterase strip
(3) Elevated SF PMN% 90%

(4) Positive histologic analysis
of the periprosthetic tissue

(5) A single positive culture

10,000 cells/puL
+ OR ++

> 5 neutrophil per high-power field
in 5 high-power fields (x 400)

3000 cells/pL
+ OR ++
80%

> 5 neutrophil per high-power field
in 5 high-power fields (x 400)

PJI = periprosthetic joint infection; ICM = International Consensus Meeting; CRP = C-reactive protein; ESR = sedimentation rate;
SF WBC = synovial fluid white blood cell; SF PMN = synovial fluid polymorphonuclear neutrophil.

Table 2. Patient demographics

Demographics On antibiotics Off antibiotics p value
Age (years) 64.4 (range, 35-87) 67.8 (range, 35-90) 0.0722
Sex 25 women/28 men 50 women/58 men 0.9168

Statistical Analysis

Given the lack of published data on the effect of antibiotics
on synovial fluid laboratory values, power analysis was not
performed. Descriptive statistics were used to report all
laboratory values. Fisher’s exact test was used to compare
the rate of false-negative variables. Additionally, the
Wilcoxon rank sum test was used to compare median
laboratory values. A p value of < 0.05 was considered
statistically significant.

Results

Overall, patients who received preaspiration antibiotics had
lower values for serologic and synovial markers for PJI.
The median ESR was lower in patients who received
antibiotics compared with those who did not (70 mm/hr
versus 85 mm/hr, difference of medians 15 mm/hr;
p = 0.018) as were CRP (72 mg/L versus 130 mg/L, dif-
ference of medians 58 mg/L; p = 0.038), synovial WBC
(29,170 cells/uL.  versus 46,900 cells/uL, difference of
medians 17,730 cells/uL; p = 0.022), and synovial PMN%
(88.5% versus 92.5%, difference of medians 4%;
p = 0.012) (Table 3).
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When using the MSIS-determined PJI thresholds for the
diagnostic markers (Table 1), a larger percentage of the
values was below the threshold in patients receiving antibi-
otics compared with patients who did not receive antibiotics
(Table 4). The corresponding values for ESR were 19.2%
(nine of 47) compared with 6.1% (six of 99) (relative risk,
3.1; 95% confidence interval [CI], 1.2-8.3; p = 0.020);
CRP, 14.9% (seven of 47) compared with 2.00% (two of 100)
(relative risk, 7.4; 95% CI, 1.6-34.4; p = 0.005); and
synovial PMN percentage, 23.1% (12 of 52) compared with
94% (10 of 106) (relative risk, 2.4; 95% CI, 1.1-5.2;
p = 0.027). There was no difference in rates of false-nega-
tives in synovial WBC count: 9.4% (five of 53) versus 6.5%
(seven of 108) (relative risk, 1.4;95% CI, 0.5-4.3;p = 0.53)
for patients with and without antibiotics, respectively. In
addition, patients with preaspiration antibiotic administra-
tion demonstrated higher rates of culture-negative infection
than those without any antibiotic history (26.4% [14 of 53]
versus 12.9% [14 of 108]; relative risk, 2.0; 95% CI, 1.05—
3.9; p = 0.046) (Fig. 1).

Discussion

It is critical to rule out PJI as a possible diagnosis in
patients presenting with unexplained pain or redness after
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Table 3. Comparing the median of laboratory values between the two study groups

Parameter On antibiotics Off antibiotics Difference of p value

(median) (median) medians

ESR (mm/hr) 70 85 15 0.018
CRP (mg/L) 72 130 58 0.038
SF WBC (cells/uL) 29,170 46,900 17,730 0.022
SF PMN% 88.5 92.5 4 0.012

ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; SF WBC = synovial fluid white blood cell; SF PMN = synovial fluid

polymorphonuclear neutrophil.

Table 4. False-negative rates based on the threshold defined by the modified definition of PJI

Parameter False-negative rate False-negative rate Risk ratio (95% CI) p value
on antibiotics off antibiotics

ESR 19.2% (9/47) 6.1% (6/99) 3.1 (1.2-8.3) 0.020

CRP 14.9% (7/47) 2.0% (2/100) 7.4 (1.6-34.4) 0.005

SF WBC 9.4% (5/53) 6.5% (7/108) 1.4 (0.5-4.3) 0.532

SF PMN% 23.1% (12/52) 9.4% (10/106) 2.4 (1.1-5.2) 0.027

Culture 26.4% (14/53) 12.9% (14/108) 2.0 (1.05-3.9) 0.046

PJI = periprosthetic joint infection; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; SF WBC = synovial fluid white blood
cell; SF PMN = synovial fluid polymorphonuclear neutrophil; CI = confidence interval.
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Fig. 1 Comparison of false-negative rates between patients who did receive antimicrobial treatment and patients who did not receive
antimicrobial treatment before sampling for the presence of PJI is shown. Abx = antibiotics.

TKA. Given the lack of a definitive standard, MSIS created
a definition for PJI, which was then modified by the ICM
on PJT in 2013 [18, 21]. The MSIS diagnostic criteria are
based on clinical and laboratory findings that combined can
help reach the diagnosis of PJI better than any single test.
Prior antimicrobial treatments have been reported to be the
main cause of culture-negative PJI [5, 20, 22]; however,
whether antibiotics have an effect on the serologic and

other synovial parameters used for diagnosis is yet to be
determined. The recommendations of the AAOS clinical
practice guideline on the diagnosis of PJI for therapeutic
antibiotics has mainly focused on culture yield and dis-
couraged the use of antimicrobial treatments in patients
with suspected PJI until after obtaining samples for culture.
Furthermore, the guideline recommended withholding
antibiotics for at least 2 weeks before intraarticular sample
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collection for culture in case the antimicrobial agents are
already administered. Nevertheless, as a result of the lack
of information, the guideline made no comments on any
specific behavior for synovial fluid analysis when patients
are on antibiotics [8]. The goal of our comparative study
was to ascertain if administration of preaspiration antimi-
crobial influenced the value of serologic and synovial
parameters associated with the diagnosis of PJI.

There are several limitations to our study and our find-
ings should be interpreted in light of these shortcomings.
The study was retrospective with all its inherent limitations
such as variability in data collection and selection bias. The
reason for the initiation of antimicrobial treatments in those
who received antibiotics was not available. Synovial fluid
cell count may vary depending on the virulence of the
microorganism, duration of infection, and many other
factors. The use of antimicrobial agents was not the only
variable between the two groups that could have influenced
the results. Therefore, to limit the confounding factors that
can potentially impose an effect on inflammatory respon-
ses, patients with systematic inflammatory disease,
immunosuppressant patients, and the ones who received
immunosuppressive therapies were excluded from the
cohort. Another limitation was that the enrolled patients
were already diagnosed with PJI; according to our results,
we assume that the true rate of false-negatives may in fact
be even higher, because patients who received antibiotics
might have been overlooked because they did not meet
enough of the criteria for diagnosis. Notwithstanding these
limitations, the main intention of our study was to inves-
tigate the association of antimicrobial agents with the
sensitivity of the minor diagnostic criteria of PJI. Like in
all other types of infection, we assumed that patients with
more severe infections were more likely to receive anti-
biotics; therefore, even higher medians of serological and
synovial tests would have been expected, but our results
proved this wrong. Finally, as a result of the variation of
antibiotic types, dosing, and administration duration, and
the absence of detailed information for all the patients, we
were unable to establish a correlation between these vari-
ables and our results.

Our results demonstrated that administration of antibi-
otics before investigation of patients with suspected PJI
does affect the values of most synovial and serologic
parameters that were used for diagnosis. There are a
number of plausible mechanisms by which this phenome-
non may have occurred. Reports have shown that some
antibiotics can inhibit the production of interleukin (IL)-1
and tumor necrosis factor (TNF) in the lipopolysaccharide-
stimulated human monocyte cultures and have antiinflam-
matory properties. Such antiinflammatory effects are more
prominent in quinolones and macrolides [2, 3, 13, 23, 24];
therefore, antimicrobial agents can decrease inflammatory
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responses by two mechanisms—either directly by sup-
pressing the inflammatory cascade or indirectly by
decreasing the amount of bacterial load. In addition, and
because ESR and CRP are the systematic responses to
inflammation, values of these inflammatory markers are
likely to be decreased with the administration of antibiotics
as a result of the antiinflammatory properties of some
antibiotics. Cytokines are essential mediators of cell-to-cell
signals in the inflammatory response. Bacterial products
can activate macrophages or monocytes directly. Not-
withstanding the initiating event, monocytes or
macrophages often provoke the response cascade in the
acute phase of inflammation. Therefore, these cells can
play a decisive role in the induction of both immune and
inflammatory responses [4]. When monocytes or macro-
phages are activated, a wide spectrum of cytokines such as
IL-1, TNF, and IL-6 are released, which can induce cyto-
kine cascade [4, 9]. These factors establish and maintain
the acute phase of inflammatory response [27]. Several
studies have demonstrated that the levels of WBC and
differential in the synovial fluid become elevated during
PJI along with elevated blood levels. Therefore, it is
believed that synovial fluid cell count and differentials
follow the fluctuation patterns of the serum [11, 25, 28].

Our findings suggested that antibiotic administration is
associated with higher rates of falsely negative ESR, CRP,
and PMN%. Additionally, patients who received antibiotics
before sampling were more likely to have false-negative
cultures; routine cultures were unable to isolate the
infecting organism. This finding is in line with prior studies
that demonstrated a higher rate of culture negatives in
patients who received antibiotics before obtaining culture
samples [15, 26]. Based on the available evidence, the
AAOS Clinical Practice Guideline for Diagnosis of PJI
stated that antibiotics should not be administered to
patients with suspected late PJI until the diagnosis is con-
firmed or refuted [8]. The Academy’s guidelines
recommend withholding antibiotics for at least 2 weeks
before obtaining cultures from the joint. The guidelines,
resulting from the lack of study evidence, do not comment
on the influence of prediagnosis administration of antibi-
otics on synovial or serologic markers [8].

We found that patients who received antibiotics before a
full evaluation for infection had been performed had lower
synovial and serologic values on laboratory parameters
commonly used in infection workups. If our finding rep-
resents causation and not merely association, the premature
administration of antibiotics might result in a lower like-
lihood of diagnosing the infection in patients who have PJI.
However, we distinguished between the patients in our
study who received antibiotics with the intention of treating
a suspected infection and those who received a single dose
of preoperative antibiotics commonly used immediately
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before revision arthroplasty. Studies have shown that
administration of preoperative prophylactic antibiotics has
no effect on the culture yield [7]. Furthermore, studies have
suggested that in proven cases of PJI, perioperative anti-
biotics should not be withheld, because this practice does
not affect the yield of cultures obtained during revision
arthroplasty [12].

Our study demonstrates that administration of antibiotics
is associated with altered synovial and serologic markers
used for diagnosis of PJI. It also confirms that administration
of antibiotics is correlated with a higher rate of culture-
negative results. Based on the findings of our study and
building on the prior recommendations of the AAOS, we
strongly urge the medical community to abstain from
administration of therapeutic antibiotics to patients with
suspected PJI before obtaining samples, because this prac-
tice does not improve the care of these patients and stands to
interfere with the timely diagnosis of PJI [5, 8, 17].
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