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Editorial

Identifying the Pathogen by
Multiplex Polymerase Chain
Reaction in Bone and Joint 
Infections: Challenges and Future

Diagnosis of bone and joint infections remains a challenge.
In addition to the difficulty of obtaining sufficient and good
clinical samples for microbiological assessment, the bacteria
are often few and do not always grow. In these typical
biofilm-associated infections, bacteria are embedded in a
biofilm matrix, protecting them from the host’s immune
system as well as from antibiotics used to treat the infection.
In addition, biofilm-associated bacteria are difficult to
cultivate because they are not easily recovered from the
biofilm, they may be few in number, and they are often in a
dormant or slow-growing state. To circumvent these diffi-
culties encountered in recovering the bacteria in classical
bacterial cultures, some possibilities that have been discussed
are PCR, microcalorimetry, and concentrating the recovered
fluids. Aiming to broaden the spectrum and efficiency,
multiplex PCR assays have been introduced to identify the
causative pathogen in bone and joint infections1,2,3,4. Because
bacterial growth is not required, multiplex PCR have been
thought to be the solution for diagnosis of culture-negative
orthopedic infections in patients who already took antibiotics
prior to the diagnostic investigation. All assays promised to
have advantages of a rapid test time and to detect a large
number of microorganisms, with specific primers also allowing
diagnosis of polymicrobial infections. However, to date no
commercial assay has found its way into routine practice,
mainly because of low sensitivity or the lack of primers for
pathogens not included in the multiplex primers kits. 
    In this issue of The Journal, Morgenstern, et al5 showed
results of a prospective study investigating the role of the
multiplex PCR Unyvero implant and tissue infection (ITI)
assay. This is a fully automated multiplex PCR aiming to
cover over 100 targets, including both pathogens and
antibiotic resistance genes.
    In 5 out of 14 cases (35.7%) with a confirmed cul-
ture- positive septic arthritis, the multiplex PCR of the
synovial fluid did not identify the pathogen. Among the 10
patients with a positive synovial fluid culture previous to
intraoperative diagnostics, 5 (50%) were PCR-negative. Of

these, only 1 patient with a Streptococcus pneumoniae
bacteremia had taken antibiotics at the time of diagnosis. In
2 (1 with S. pneumoniae, 1 with Clostridium clostridio-
forme), the pathogen was not detected owing to lack of
primers. In the remaining 3 patients (2 Staphylococcus
aureus, 1 Streptococcus dysgalactiae), there are no obvious
reasons why the PCR failed. Although this study included
only a few patients, it clearly showed that the multiplex PCR
Unyvero ITI i60 does not improve sensitivity compared to
conventional cultures. 

Does the new cartridge (ITI G2) overcome the problem
of low sensitivity?
In the new version of the multiplex PCR Unyvero ITI G2,
there is an additional primer included for 16s rDNA, aiming
to circumvent the problem of primers lacking for distinct
pathogens. The 16s rDNA PCR should thus give a positive
signal if a bacterium is present. We retrospectively tested this
new version on sonication fluids of patients with a confirmed
periprosthetic joint infection (PJI; n = 19) based on the
adapted Musculoskeletal Infection Society criteria presented
at the 2013 consensus meeting in Philadelphia6. We
identified the correct pathogens in 9 out of 19 cases with a
confirmed PJI (47.4%) by PCR. In cases where sonication
culture was negative or growth was detected only in
enrichment broth owing to low inoculum, the multiplex PCR
did not identify the pathogen and the universal PCR did not
provide additional information, except 1 polymicrobial
infection (Table 1A). An explanation for the low sensitivity
of the new multiplex PCR Unyvero ITI G2 cartridges could
be the PCR detection limit, which is indicated for most
pathogens to be between 104 and 105. However, the low
bacterial count is only one of the problems in the diagnosis
of bone and joint infections resulting in negative gram
staining or no visible bacteria in histopathology7. Thus, it is
disappointing that the new cartridges of Unyvero ITI G2 with
a fast turnaround time were not able to increase sensitivity
compared with conventional tissue cultures. 
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Does concentrating the sonication fluid lead to increased
sensitivity of multiplex PCR?
Morgenstern, et al5 suggested that the use of more concen-
trated fluids than the current standard 50-ml concentrated
fluid may improve diagnostic sensitivity. Aiming to address
exactly this question, we used more-concentrated sonication
fluid (median fluid 200 ml, range 100–500 ml) to diagnose
or exclude a PJI in a small cohort of clear culture-positive
and culture-negative PJI. Twenty patients were included [9
PJI, 11 no PJI; median age 65 yrs, range 45–87 yrs; hip  
(n = 12), knee (n = 4), shoulder (n = 4) prostheses]. Three 
S. aureus, 3 coagulase-negative staphylococci (CNS), 1
Streptococcus agalactiae, 1 Morganella morganii, and 1
polymicrobial infection were diagnosed. All 9 culture-
positive PJI had a positive universal PCR. Multiplex PCR
was positive in 8 out of 9. The M. morganii case was missed
because of a lack of specific primers included in the multiplex
PCR. The multiplex PCR detected the polymicrobial
infection with CNS and Proteus mirabilis despite antibiotic
treatment, while culture detected only P. mirabilis. When
testing the sonication fluids that had been concentrated more
by multiplex PCR, we found no additional information as
compared to the standard 50-ml sonication fluid, but a higher
numerical signal intensity of the PCR was found (Figure 1). 
    In all the cases without PJI, universal and multiplex PCR

of 50-ml concentrated sonicated fluid were both correctly
negative; while higher volume concentrated sonication fluid
was positive with Cutibacterium acnes (formerly Propioni-
bacterium acnes) in 1 case (Table 1B). This small study
showed that concentrating the current standard 50-ml
sonication fluid did not detect additional pathogens by
Unyvero multiplex PCR but was false positive with C. acnes
in one of the cases serving as a control (i.e., without a
documented PJI)8. 

Should conventional cultures remain the gold standard?
In the publication by Ivy, et al, authors found 4 micro-
organisms in 25 cases with culture-negative PJI while inves-
tigating synovial fluid with metagenomics shotgun
sequencing9. These were Salpingoeca rosetta (n = 2), 
S. aureus, Enterococcus faecalis (n = 1), Finegoldia magna,
and Anaerococcus vaginalis (n = 1). In another publication
investigating the sonication fluid10, microorganisms in cul-
ture-negative PJI were found in 31.3%, using metagenomic
techniques. Examples of the microorganisms found are
Candida albicans, S. aureus, Staphylococcus epidermidis, 
S. agalactiae/dysgalactiae, Granulicatella adiacens, E.
faecalis, and Enterobacter cloacae. The authors found new
microorganisms in cases that had been diagnosed as aseptic
failures: C. acnes (n = 2), S. aureus (n = 3), and Streptococcus
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Table 1A. Comparison of conventional culture techniques and multiplex PCR using standard 50ml concentrated sonicated fluid (SF) in 19 PJI cases.

Pathogen                                                   Cases, n        + Sonication Culture        + Multiplex PCR, 50 ml          Comment on the Failure

Staphylococcus aureus                                   6                             5                                          3                            2 missed (positive culture in broth only), 
                                                                                                                                                                                1 missed (negative sonication culture while
                                                                                                                                                                                taking antibiotics)
CNS                                                                4                             4                                          4                            
Enterococcus faecalis                                    1                             1                                          0                            Unknown
Morganella morganii                                     1                             1                                          0                            Lack of primer
Streptococcus agalactiae                               1                             1                                          1                            
Mycobacterium bovis                                     1                             1                                          0                            Lack of primer
Culture negative                                             4                             0                                          0                            
Polymicrobial (CNS, Proteus mirabilis)        1              1 (only P. mirabilis)           1 (CNS, P. mirabilis)            

Table 1B. Comparison of conventional culture techniques and multiplex PCR using both universal PCR and multiplex primers with standard 50-ml concentrated
sonicated fluid (SF) versus higher-concentrated sonicated fluid in 9 PJI and 11 no-PJI cases.

Microorganism                                                               + Culture              + Universal PCR              + Multiplex PCR,            +Multiplex PCR, higher- 
                                                                                                                                                                     50 ml SF                               volume SF

Culture-positive PJI, n = 9                                                    9                                 9                                         8                                             8
Staphylococcus aureus                                                     3                                 3                                         3                                             3
CNS                                                                                 3                                 3                                         3                                             3
Streptococcus agalactiae                                                 1                                 1                                         1                                             1
Morganella morganii                                                       1                                 1                                         0                                             0
Polymicrobial (CNS and Proteus mirabilis)     1 (only P. mirabilis)                  1                         1 (CNS, P. mirabilis)             1 (CNS, P. mirabilis)

No PJI, n = 11                                                                       0                                 0                                         0                                             1

PJI: periprosthetic joint infection; CNS: coagulase-negative staphylococci.
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sanguinis (n = 2). All these pathogens are common PJI
microorganisms7. These 2 publications address an important
question and raise many additional ones. What is the gold
standard that allows identifying or ruling out a PJI on the one
hand and on the other, the causative pathogens in PJI? How
many diagnostic repetitions are necessary to definitely rule
out a PJI? Are culture-negative bone and joint infections still
diseases that do not require antibiotic treatment because of
the very low inoculum of typical pathogens that our immune
system is able to eliminate? Or should we treat all cul-
ture-negative PJI with drugs against bacteria described above
as the pathogens that have been found most often to date?
More studies are required to assess when treatment is
necessary. 
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Figure 1. Comparison of multiplex PCR using 50-ml concentrated sonication fluid (SF) or larger SF. Fluorescence
density for 10 microorganisms is shown for the 9 patients with proven PJI. Patient 9 had a polymicrobial infection
with CNS and Proteus mirabilis. PJI: periprosthetic joint infection; CNS: coagulase-negative staphylococci.
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