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Abstract: One of the most dangerous and difficult side effects to treat after total hip
arthroplasty (THA) is periprosthetic or superficial site infection. Blood and synovial fluid
biomarkers have recently come into focus in addition to conventional systemic indicators
of inflammation in order to assess their potential utility in the diagnosis of infections.
Long pentraxin 3 (PTX3) appears to be a sensitive biomarker of acute-phase inflammation.
The purpose of this study is to determine plasma PTX3 in patients undergoing THA and
compare its trend with other common serum markers, such as CRP, D-dimer, procalci-
tonin, and ESR up to 30 days post-operatively. Patients with hip arthritis or avascular
necrosis of the femoral head were consecutively enrolled in a single-center study. Each
patient underwent blood testing for ESR, CRP, procalcitonin, D-dimer, and PTX3 levels
before surgery and at 1, 3, 5, 15, and 30 days after THA. PTX3 was measured using the
ELISA method. Other markers’ values and trends were compared with PTX3’s. A total of
50 patients met our inclusion criteria. When different trends were evaluated, PTX3 was
found to have a trajectory and sensitivity comparable to other inflammatory markers.
Notably, PTX3 changed more quickly than the other markers, with a sharp increase imme-
diately post-operatively, followed by normalization at the 5-, 15-, and 30-day follow-ups,
corresponding to the resolution of the inflammatory condition. However, 30 days post
surgery, no patients exhibited signs or symptoms of early prosthetic infection. PTX3 is
confirmed as a reliable and promising serum biomarker for tracking the level of inflam-
mation in patients undergoing total hip replacements. Blood PTX3 values rise even more
rapidly than CRP and procalcitonin and then quickly return to normal values when the
inflammatory process resolves. One of the primary barriers to PTX3’s inclusion in routine
studies on early periprosthetic infections is the waiting period for PTX3 sample analysis.

Keywords: PTX3; hip replacement; PJI; joint infection; inflammation; biomarker; CRP; ESR;
D-dimer; procalcitonin

1. Introduction
The frequency of symptomatic hip osteoarthritis (OA) is constantly rising in a cul-

ture where life expectancy is higher and joint replacement is considered one of the most
successful surgical procedures in orthopedic surgery for most patients [1].

Total hip arthroplasty (THA), although a safe procedure, is not free from complica-
tions. According to numerous published registries and large cohort studies, the onset of
periprosthetic joint infections (PJIs) is the primary reason for THA revision [2], and the

Acta Microbiol. Hell. 2025, 70, 7 https://doi.org/10.3390/amh70010007

https://doi.org/10.3390/amh70010007
https://doi.org/10.3390/amh70010007
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/amh
https://www.mdpi.com
https://orcid.org/0000-0001-7766-0806
https://orcid.org/0000-0003-2067-9615
https://doi.org/10.3390/amh70010007
https://www.mdpi.com/article/10.3390/amh70010007?type=check_update&version=1


Acta Microbiol. Hell. 2025, 70, 7 2 of 10

long-term social cost of an infected THA can range from USD 389,307 for a patient aged 65
to USD 474,004 for those aged 55 [3]. Furthermore, a recent systematic review identified PJI
mortality rates after THA of 4.22% at 1 year and 21.12% at 5 years [4].

This highlights the need to prevent or at least identify early post-operative complica-
tions. Acute infections occur within 3 months of the index surgery and are characterized
by joint pain, fever, redness, and heat at the surgical site [5,6]. Several guidelines for
diagnosing PJI have been developed, including those from the Musculoskeletal Infection
Society [7], the International Consensus Meeting on Musculoskeletal Infection [8], and the
European Bone and Joint Infection Society [9]. Various tests have been identified as useful,
including serum markers (CRP, ESR, D-dimer, procalcitonin, and IL-6), synovial markers
(leukocytes, polymorphonuclear cells, alpha-defensin, leukocyte esterase, CRP, and IL-6),
and microbiological and histological examination of periprosthetic samples [10].

Recently, a new acute-phase inflammation marker has emerged: long pentraxin 3
(PTX3) [11]. It belongs to the family of evolutionary conserved proteins known as pentrax-
ins, which are divided into short (25 kDa) and long (40–50 kDa) proteins. Among the short
pentraxins, we find C-reactive protein (CRP), while PTX3 is classified as a long pentraxin.
While CRP is synthesized in the liver, PTX3 is produced at the side of infection or inflam-
mation and can be defined as sensitive but not specific for infectious processes [12–14].

A small number of studies have already examined the use of PTX3 in orthopedics,
assessing this marker in synovial and plasmatic samples of patients with unquestionably
infected prostheses of the hip and knee and comparing them with the most extensively
researched but still non-specific markers. In fact, no serum markers have been demonstrated
to be sufficiently accurate in diagnosing PJIs in the hip and knee [11,13,15].

This study’s main goal is to evaluate the biomarker PTX3 plasma levels in patients
undergoing primary and uncomplicated THA. Secondly, the authors wish to examine the
trend of PTX3 up to 30 days post-operatively, in comparison with other common serum
markers, such as CRP, D-dimer, procalcitonin, and erythrocyte sedimentation rate (ESR).

2. Materials and Methods
Patients aged 40 to 90 years, with a maximum body mass index (BMI) of 35, undergoing

THA for primary hip OA or affected by avascular necrosis of the femoral head were
consecutively recruited in a single-center study. All patients were treated according to the
ethical standards of the Declaration of Helsinki and were asked to read, understand, and
sign the informed consent form to publish data for scientific purposes. This study was
approved by the Internal Review Board (authorization number 55/2021–2022, approved
date: 25 January 2022).

Exclusion criteria were as follows: inflammatory diseases, previous surgical infections,
active infections, intraoperative complications promoting inflammation, cemented prosthe-
ses, existing contralateral hip prostheses, revision surgeries, invasive surgical procedures
within the previous 90 days, liver disease, coagulopathies, previous thrombosis or em-
bolisms, BMI ≥36, diabetes, and all other pathologies that increase the risk of post-operative
infection [5].

Serial blood samples of ESR, CRP, D-dimer, procalcitonin, and PTX3 were taken at
specific intervals: pre-surgery (T0); on the day of intervention (T1); and on days 3, 5, 15,
and 30 post surgery (T2, T3, T4, and T5). ESR, CRP, D-dimer, and procalcitonin samples
were analyzed in a standard manner on the collection day. Physiological values were
considered <3 cm/h for ESR, <5 ng/dL for CRP, and <0.8 for D-dimer. PTX3 plasma levels
were measured by an ELISA kit (Human Pentraxin 3, HK347, HycultBiotech, Uden, The
Netherlands). The kit is specific for human pentraxin 3. The sensitivity and specificity
of this kit were previously assessed to be 63.4 and 84.5, respectively, whereas the lowest
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detectable concentration of a sample is 0.16 ng/mL [16]. As per manufacturer instructions,
EDTA plasma was used: the blood, collected in EDTA tubes, was maintained on ice and
centrifuged (1500× g, 4 ◦C, 15 min, twice) within 20 min from venipuncture; then, it was
stored at −80 ◦C.

To perform the analysis, the samples were thawed, diluted 1:4 with the supplied
dilution buffer, and analyzed in duplicate. The samples, along with the provided properly
diluted PTX3 standard, were subjected to several steps, each one followed, when required,
by washings: incubation on the plate and addition of the biotinylated antibody, streptavidin-
peroxidase conjugate, and TMB solution. The reaction was stopped by adding a stop
solution, and the optical density was read using a plate reader set at 450 nm. The PTX3
concentration was calculated as ng/mL using the standard curve.

To improve the readings, the analysis was duplicated and the average of the two
obtained PTX3’s values was reported. The ELISA methodology enables highly sensitive
quantitative and qualitative measurements of antigens (proteins, peptides, and nucleic
acids) [17].

Additionally, the patients were assessed for localized inflammation at the surgery side
and the occurrence of fever. Other considered parameters included the presence of urinary
catheters or additional venous access.

Lastly, the collected values of the various biomarkers were analyzed using the Fried-
man test. This is a non-parametric test used as an alternative to the ANOVA test to assess
whether there is a statistically significant difference between several values from the same
subjects obtained at various time points.

Finally, the PTX3 trend was discussed in comparison with the trend of other inflam-
matory markers.

For the analyses, a statistical confidence level of 95% was selected. A p-value < 0.05
determined significance. All statistical analyses were performed with SAS System version
9.4 (SAS, Cary, NC, USA) and MedCalc version 19.1.3 (MedCalc Software Ltd., Ostend,
Belgium) software.

3. Results
A total of 50 consecutive patients (25 W and 25 M) met our inclusion criteria, with an

average age of 66 years (min 43 and max 88) and an average BMI of 27.
Demographic characteristics of local signs of inflammation, the use of catheters, ad-

ditional venous access, and the occurrence of fever are summarized in Table 1. Only one
patient showed a surgical wound suffering, which resolved autonomously within stitch
removal. The bladder catheter, if used, was usually removed on the first post-operative day.
The average hospital stay was 5 days.

Table 1. Frequency of fever, local signs of superficial inflammation at the surgical wound, use of
urinary catheters, or additional venous access in the 50 patients included in the study.

Fever Local Sign of Infection Catheter Additional Venous Access Infection

No 45 (90%) No 48 (96%) No 38 (76%) No 47 (94%) No 50 (100%)

Yes 5 (10,%) Yes 2(4%) Yes 12 (24%) Yes 3 (6%) Yes 0

The corresponding graphs were created by calculating the trends of several serum
markers. A curve that depicts the trend of each variable over time can be seen in each
graph, and the interval that the gathered data falls within has been added.

The values of PTX3 (ng/mL) for each time ranged as follows: T0 (0.41–3.51);
T1 (0.77–27.6); T2 (0.48–9.00), T3 (0.35–4.40); T4 (0.73–3.65); and T5 (0.60–3.75). The mean
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and median were calculated, allowing us to draw Figure 1, which shows the trend of
PTX3. The comparison between each mean resulted in similar values in T0, T4, and T5 and
differed from those in T1, T2, and T3 (p < 0.00001).
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Figure 1. PTX3 trend from pre-operative to 30 days post THA shows an immediate post-operative
peak (T1) and then returns to normal values already at 15 days of follow-up (T4).

Figure 2 shows the trend for D-dimer. Range of values (ng/mL): T0 (0.27–4.20),
T1 (0.30–3.95), T2 (0.57–5.30), T3 (1.11–7.30), T4 (0.70–6.00), and T5 (0.16–3.50). The compar-
ison between the means showed a closeness in the results at T0, T1, and T2 and a difference
compared to T3, T4, and T5 (p < 0.00001).
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values still at 30 days of follow-up.

Figure 3 shows the trend of CRP. Range of values (ng/mL): T0 (0.04–0.8), T1 (0.08–7.43),
T2 (0.41–19.38), T3 (2.14–26.40), T4 (0.11–6.30), and T5 (0.04–1.77). The comparison between
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means highlighted that values in T0 and T5 are similar to each other, while they differ from
those of T1, T2, T3, and T4 (p < 0.00001).
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Figure 3. CRP trend from pre-operative to 30 days post THA shows a rapid increase after surgery
and a normalization of values 15 days after surgery.

The values of procalcitonin (ng/mL) ranged as follows: T0 (0.01–0.09), T1 (0.01–0.27),
T2 (0.03–0.97), T3 (0.02–0.14), T4 (0.02–0.06), and T5 (0.02–0.05). The trend of this marker is
shown in Figure 4. There is a close relationship between the means of the variables at T0,
T4, and T5, but they are different at T1, T2, and T3, which are instead related to each other
(p < 0.00001).
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Finally, Figure 5 shows the trend of ESR (cm/h). The range of each sampling are as
follows: T0 (2.5–36.0), T1 (2.0–36.0), T2 (8.0–103.0), T3 (19.0–101.0), T4 (10.0–75.0), and T5
(9.0–58.0). The comparison of means shows a correlation with the variables at T2, T3, T4,
and T5, that are different from T0 and T1 (p < 0.00001).
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4. Discussion
The main finding of this study is that PTX3 is a reliable and promising serum biomarker

for monitoring inflammatory status and thus the risk of early infection in patients undergo-
ing total hip arthroplasty.

Osteoarthritis of the hip and knee is the eleventh largest contributor to global disabil-
ity [18], and as the population ages, this burden will rise. Hip replacements are one of the
most successful surgical procedures performed, with a reported 10-year failure rate of only
4.56%, and PJI is the most feared complication [19].

Many authors have defined PJI as a true health emergency from an economic view-
point, regardless of whether it is backed by public or private welfare systems. This is due
to the fact that the total cost of treatment is impacted by longer in-house physical therapy
sessions, prolonged antibiotic therapy, rehabilitation, hospital readmissions, and revision
surgeries [20]. Although there are currently no serum markers that are sufficiently accurate
for diagnosing PJIs in THA patients, it is crucial to monitor blood markers that can detect
the potential onset of PJI as soon as possible in order to make an early diagnosis [21].

According to the literature, PTX3 is mostly used to assess respiratory and cardiac
diseases, such as myocardial infarction and atherosclerosis. In all these cases analyzed,
it appears to be a reliable marker, as an aseptic inflammatory condition develops [12,13].
This protein, belonging to the family of long pentraxins, is synthesized in response to
pro-inflammatory cytokines (TNF-α and IL-1), Toll-like receptor agonists, microbial frag-
ments, and certain intact microorganisms. In contrast to short pentraxins like CRP, which is
produced in the liver and widely used as a systemic, albeit generic, marker of inflamma-
tion, PTX3 is locally induced at sites of infection and inflammation by proinflammatory
mediators and is anticipated to be an earlier and local marker of disease [11]. As described
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by Granata et al., high levels of PTX3 have been correlated, with a specificity of 93%, with
prosthetic revision surgeries, both for hip and knee replacements [22]. Several studies have
documented increased levels of PTX3, both local and systemic, in infections brought on
by a variety of bacteria, including Pseudomonas; Aspergillus fumigatus; S. aureus; and
more recently, SARS-CoV-2. According to these investigations, individuals with infections
had raised PTX3 levels linked to higher IL-1β levels, which was in contrast to individuals
without infections [14,15,23]. IL-10 also appears to play a key role by acting in conjunction
with IL-1β in regulating the expression of genes leading to PTX3 production in infected
patients. This finding could support the evaluation of these markers (IL-10 and IL-1β)
alongside PTX3 during the diagnostic phase of patients with periprosthetic infections [22].

However, as highlighted by other studies as well, PTX3 plays a fundamental role
in the regulation of innate immunity. It acts as a precursor to antibodies, activating the
complement system and the process of pathogen opsonization. Acting as an opsonin for
bacteria and fungi and neutralizing virus infectivity, PTX3 has a protective role against
pathogens [15]. In addition to the classical form, neutrophils also include a stored version
of PTX3 that is available for use. This form, which is generated in reaction to inflammatory
stimuli, prevents an early decline in neutrophil numbers and ensures protection against
sepsis by delaying neutrophil death [12]. As a result, the production and release of PTX3
are reflected by an increase in its serum levels.

Recent reports of septic patients have shown a correlation between circulating lev-
els of PTX3 and other indicators of bacterial infections, including procalcitonin and
D-dimer [24,25]. Procalcitonin procalcitonin and D-dimer both showed low diagnostic
accuracy as PJI markers [19], and further study is required to properly appreciate their
potential in this condition. Because PTX3 lies at the intersection of infection immunology
and bone biology, it is therefore a great choice for research into novel PJI biomarkers [15].

Intraoperative fractures are one of the most dreaded surgical consequences associated
with periprosthetic infections and revision prosthesis procedures: it is fundamental to note
that PTX3 plays a crucial role in bone homeostasis. In fact, as demonstrated by both in vivo
and in vitro studies, PTX3 is expressed in human osteoblastic cells [26]. Specific stages
of the inflammatory cascade, such as angiogenesis, mesenchymal progenitor cell recruit-
ment, cartilage and bone production, the creation of a local microenvironment, and callus
remodeling, are what define bone fracture healing. PTX3 gene expression is specifically
detected in non-hematopoietic compartment cells, including CD51+ preosteoblasts and
α-smooth muscle actin (α-SMA), which are responsible for populating the soft callus in the
center of the first bone healing process. Additionally, under physiological conditions of
bone turnover, PTX3 is expressed by osteoblasts and osteocytes. PTX3 expression promotes
osteoblastic differentiation by activating a pro-inflammatory cascade that includes IL-6,
IL-1β, and TNF-α. By activating RANK-L, PTX3 aids in bone remodeling during the last
phases of fracture healing. Therefore, the identification and post-operative assessment of
complications, including periprosthetic fractures, may be greatly aided by the analysis of
PTX3 [26].

The current report’s findings further corroborate the recent literature and could pro-
vide more proof of the significance and dependability of this biomarker in the study of
infections. In fact, this marker appears to be extremely sensitive, as unlike the others, it
shows a significant peak immediately after surgery. This peak is related to surgical stress,
as the body perceives the procedure as a trauma, triggering an inflammatory response that
promotes cell recruitment, vascularization, and tissue healing. Subsequently, in the absence
of infections, there is a rapid normalization of the values, which return to levels similar to
the pre-operative range within 15 days after the surgery.
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The biomarkers whose trends are closest to PTX3 are CRP and procalcitonin, where
a peak in values was observed a few days after surgery, with normalization at 15 and
30 days: in-fact, PCR expressed a peak 3 days after surgery and further increased 5 days
after surgery, while procalcitonin manifested a peak 3 days after surgery. Similarly, the
post-operative values of the ESR showed the same increase as PTX3, but there was no rapid
normalization, and thus, high values were still present even at 30 days. In contrast, the
D-dimer showed a much delayed increase, resulting in late normalization of values.

Due to the lack of acute failures in the current cohort, no statistically valid associ-
ation between PTX3 levels and PJI could be established. However, considering that an
inflammatory insult (such as surgery alone) immediately increases PTX3, and the latter
returns to normal values rapidly and only when the inflammation has subsided, then it is
licit to speculate that in the presence of PJI-related symptoms, PTX3 assessment may be of
fundamental help for an immediate diagnosis.

Nevertheless, despite the promising results, this study has limitations. Since PTX3
must be tested using the ELISA method with specialized plates and kits, which are costly
and not available in all institutions, the first problem is with the analysis process itself.
In contrast, traditional serum markers offer immediate findings using standard proce-
dures. Additionally, the kits that are offered are big and have the capacity to hold around
40 samples. Because of the high expense, it is thus recommended to freeze the samples
while awaiting the completion of the kits in order to conduct research prior to making each
test. This will result in lengthy wait periods for the PTX3 readings.

A further limitation of the present study is the relatively small number of patients
recruited. However, to the best of our knowledge, this is the first report to prospectively
assess this issue by studying consecutive patients in order to prevent selection bias. The
large proportion of the cohort is consistent with other publications and with the research
conducted by other researchers into PTX3 in orthopedics.

5. Conclusions
PTX3 appears to be a reliable and valid marker of acute inflammatory diseases. Blood

values increase even more rapidly than CRP and procalcitonin and then return quickly to
normal ranges when the inflammatory process resolves.

It is advisable that the waiting time for sample analysis, which is one of the primary
barriers for PTX3 to be included in standard diagnostic examinations on PJI, should be
shortened in the future, in order to obtain more comprehensive data for comparison with
other reports and a clinical application.
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PTX3 Long Pentraxin 3
THA Total Hip Arthroplasty
CRP C-Reactive Protein
ESR Erythrocyte Sedimentation Rate
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PJI Periprosthetic Joint Infection
IL-6 Interleukin-6
BMI Body Mass Index
EDTA Ethylenediaminetetraacetic acid
ANOVA Analysis of Variance
TNF-α Tumor Necrosis Factor
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