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Purpose: While local immune responses in periprosthetic joint infection (PJl) are
increasingly studied, systemic immune alterations remain poorly characterized.
Therefore, this study aimed to investigate the change in peripheral lymphocyte
subsets and immune-related protein profiles in patients with PJI, and explore the
potential value of these indicators for the diagnosis of PJI.

Methods: Between July 2023 and January 2024, this prospective study recruited
82 patients who had been diagnosed with PJI or aseptic failure (AF), or who were
healthy controls. Peripheral blood lymphocyte subpopulations and immune-
related proteins were measured using flow cytometry or nephelometry and
compared between groups. The diagnostic capability of different indicators for
PJI was assessed. Besides, candidate markers were validated in an independent
prospective cohort.

Results: Compared with the AF group, the proportion and absolute counts of
natural killer (NK) cells in the PJI group were significantly higher, while those of B
cells were lower. Differences in most immune-related proteins were observed
between PJI and AF cases. Of them, the haptoglobin was the most notably
increased in the PJl group than in the AF group (245.08 + 99.00 mg/dl vs. 108.22
+ 52.37 mg/dl, P < 0.001), which exhibited the best diagnostic performance with
an area under the curve (AUC) of 0.890.(95% ClI, 0.803-0.978). When haptoglobin
was combined with C-reactive protein (CRP), the AUC for the diagnosis of PJI
increased to 0.937 (95% CI, 0.876-0.998). No significant differences were
observed between the AF and primary total joint arthroplasty (TJA) groups
regarding these immune-related indicators. In addition, the diagnostic efficacy
of haptoglobin was validated in an independent cohort.
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Conclusions: The systemic immune dysregulation observed in PJl patients can
lay the foundation for further in-depth understanding of the immune response in
PJl. The immune-related markers demonstrated promising value in diagnosing
PJl, especially when synovial fluid was unavailable. Multicenter validation was
warranted to confirm clinical utility.

periprosthetic joint infection, lymphocyte subsets, immune-related protein,
diagnosis, haptoglobin

Introduction

Periprosthetic joint infection (PJI), while relatively uncommon
in primary arthroplasty (typically 1-2%), is a devastating
complication following total joint arthroplasty (TJA) that places a
significant economic burden on healthcare systems worldwide and
is expected to increase in the future (I, 2). Its incidence rises
dramatically after revision surgery, and the absolute number of
patients affected globally is substantial (3). Despite substantial
research into the diagnostics and treatment strategies for PJI,
there have been no significant improvements in therapeutic
outcomes over the past two decades (4). This stagnation has
spurred an increased scholarly focus on understanding the
pathophysiological mechanisms underpinning PJI, evidenced by a
thirtyfold increase in related publications over the last 20 years (5).

Recent scholarly attention has gravitated towards the role of the
immune system in infection defense, prompting investigations into
novel biomarkers (6-8). Korn et al. (9) employed high-dimensional
flow cytometry to analyze the immune cell composition of synovial
fluid after knee or hip arthroplasty, highlighting its potential as an
effective screening tool for PJI. Notably, differences in the levels of
soluble immune checkpoint molecules (such as sBTLA, sCD28, and
sCTLA-4) between patients with PJI and those experiencing aseptic
failure have been identified, suggesting novel targets for PJI
diagnosis and therapy (10). Moreover, Fisher et al. (11) have
pioneered the use of RNA sequencing and deconvolution
techniques to delineate the immune cell spectrum within synovial
fluid, introducing innovative avenues for PJI diagnostics.

However, the majority of these studies have concentrated
predominantly on the localized immune responses at the
infection sites, with insufficient exploration into the systemic
immune responses induced by implant infections and their roles
in eradicating local infections (12). Recent research highlighted the
complex interaction between systemic and local immune
environments, with local implant materials potentially altering
systemic immune equilibrium to facilitate tissue remodeling (13).
Additionally, synovial fluid-based markers for the diagnosis of PJI
are not always available as joint aspiration is an invasive test, and a
“dry tap” may occur in almost half of joint aspirations while
radiological guidance was used (14). Therefore, there is an urgent
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need to develop reliable, cost-efficient analytical methods for
detecting blood-based biomarkers to facilitate PJI diagnosis. These
facts further underscore the necessity for a comprehensive
understanding of the systemic immune status in PJI patients.

A growing body of evidence from other infectious diseases, such
as sepsis, has highlighted the pivotal role of lymphocyte subsets in
maintaining immune homeostasis. This could be supported by the
correlation between peripheral blood lymphocyte profiles and sepsis
prognosis (15, 16). However, the characterization of peripheral
blood lymphocyte subsets in PJT patients remains poorly defined.
Furthermore, the serum immune-related proteins, including
complement, immunoglobulins (Ig), and haptoglobin, have not
been comprehensively investigated in PJI patients. This
knowledge gap hindered our understanding of systemic immune
response alterations and impedes the development of novel
diagnostic and therapeutic markers for PJI.

Therefore, this study aimed to: (1) investigate the change in
peripheral lymphocyte subsets and immune-related protein profiles
in patients with PJI, and (2) explore the potential value of these
indicators for the diagnosis of PJI.

Patients and methods
Study design and settings

This prospective study, approved by the Institutional Ethics
Committee, included the patients scheduled for hip or knee revision
arthroplasty from June 2023 to January 2024 at our department.
Inclusion criteria were: (1) adults aged between 18 and 80 years; (2)
those scheduled for hip or knee revision surgery; (3) those with
complete preoperative medical records and available peripheral
blood samples; (4) those who provided informed consent.
Exclusion criteria were: (1) patients with infections at other sites
within two weeks, such as respiratory or urinary tract infections; (2)
those with a history of malignant tumors; (3) those with
autoimmune diseases such as systemic lupus erythematosus,
psoriasis, or ankylosing spondylitis, or recent use of
immunomodulatory drugs; (4) those with recent extensive skin
ulceration, severe hematoma, or traumatic fracture; (5)those with
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acute PJT occurring within three months of TJA. PJI was diagnosed
using the Musculoskeletal Infection Society (MSIS) criteria (17).

Participants

The study initialy included 54 patients who had undergone
revision surgery, of whom 28 were diagnosed with PJI and 26 with
aseptic failure (AF). Additionally, 28 healthy controls scheduled for
primary TJA during this period were matched for age and
comorbidities with PJI cases and served as a control group (PA
group) to evaluate baseline biomarker levels. Control participants
met all inclusion criteria except for the criterion regarding revision
surgery. In addition, the independent validation group included 22
patients with PJI and 28 patients with AF from June 2024 to January
2025. The enrollment flowchart for the patients is shown
in Figure 1.

Baseline data collection

Demographic and baseline clinical data were collected upon
admission, including age, gender, height, weight, body mass index
(BMI), comorbid conditions, American Society of Anesthesiologists
(ASA) score, and affected joint type. Preoperative synovial fluid
cultures were documented for PJI patients, with additional 3-6
samples of synovial fluid or peri-prosthetic tissue collected

10.3389/fimmu.2025.1648150

intraoperatively for microbial culture. The histological analysis or
synovial fluid tests were performed.

Ultimately, this prospective study included 82 patients, with the
baseline characteristics detailed in Table 1. The average age of the
PJI patients in this group was 62.32 + 11.25 years, with 16 men and
12 women. No significant demographic differences were observed
among the three groups (all P>0.05).

Sample collection and immune parameters
analysis

Peripheral venous blood samples were collected from all eligible
patients on the morning of the second hospital day, following an
overnight fast. Samples were promptly processed within thirty
minutes of collection at the laboratory. No patients were receiving
antimicrobial therapy at the time of sample collection. The immune
and inflammatory markers that were tested included: (1) traditional
inflammatory markers: C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and interleukin-6 (IL-6); (2) lymphocyte
subpopulations: percentages and absolute counts of NK cells, B cells,
T cells, CD3+/CD4+ T cells, CD3+/CD8+ T cells, and the CD4/CD8
ratio; (3) serum immune-related proteins: complements C3 and C4,
immunoglobulins (Ig) A, IgE, IgG, IgM, light chains ¥ and A, $2-
microglobulin, prealbumin, serum transferrin, ceruloplasmin, ol-
acid glycoprotein, haptoglobin, B1-globulin, B2-globulin, albumin
(ALB), ol-globulin, 02-globulin, and y-globulin. All of the above

Patients who underwent revision arthroplasty at our
institution from June 2023 to January 2024

Y

Exclusion criteria:

(1) Patients with any recent infection at other sites;
(2) Patients with a history of malignancy;

(3) Patients with immune system disorders or
recent use of immunomodulatory drugs;

(4) Patients with a recent history of trauma.

(5) Patients with acute PJI

PJI group
(n=28)
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Age-matched primary
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Y
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FIGURE 1
Flowchart of the inclusion of patients in this study.
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TABLE 1 Demographics of patients included in this study.

Demographic

Total (N=82) PJl (N=28)

10.3389/fimmu.2025.1648150

AF (N=26) PA (N=28) P value

variables
Age (year) 61.56+12.50 62.32+11.25 63.92+9.70 62.32+11.25 0.387
BMI (kg/mz) 25.93+7.13 26.20+8.15 25.74+5.12 25.94+8.32 0.747
Sex 0.076
Man 34 (41.5) 16 (57.1) 7 (26.9) 15 (53.6)
Woman 48 (58.5) 12 (42.9) 19 (73.1) 13 (46.4)
Joint 0.956
Hip 43 (52.4) 15 (53.6) 13 (50.0) 15 (53.6)
Knee 39 (47.6) 13 (46.4) 13 (50.0) 13 (46.4)
ASA score 2.17+0.43 2.20+0.40 2.18+0.51 2.14+0.39 0.198
CRP (mg/dL) - 2.68+3.13 0.26+0.30 0.16+0.15 <0.001
ESR (mm/h) - 39.61+25.96 14.38+13.55 6.42%3.16 <0.001
IL-6 (pg/mL) - 20.62+16.72 3.36+2.65 3.54+7.66 <0.001

PJ1, periprosthetic joint infection; AF, aseptic failure; PA, primary arthroplasty; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

The values in bold indicate statistically significant differences.

tests were routinely available at our institution. Flow cytometry was
used for lymphocyte subpopulation analysis (BD FACSLyricTM Flow
Cytometer), and nephelometry immunoassay was used for immune-
related protein detection (Siemens BN II System). In addition,
haptoglobin levels were measured in the validation group patients to
further support the current data.

Data analyses

The quantitative data were expressed as mean * standard
deviation, while the categorical data were expressed as frequencies
and percentages. The t-test and the Wilcoxon rank-sum test were
used for between-group comparisons of normally and non-normally
distributed variables, respectively; the ANOVA and the Kruskal-
Wallis tests were applied for comparisons among multiple groups.
The chi-square test was utilized for categorical comparisons. Pearson
correlation analysis was employed to assess associations between
immunological and serum inflammatory markers. Principal
component analysis (PCA) was employed to reduce the
dimensionality of the data set, thereby minimizing complexity
while retaining essential variance, in order to evaluate global
differences across groups. Receiver operating characteristic (ROC)
curves were constructed to evaluate the predictive accuracy of various
markers for PJI, and corresponding sensitivity, specificity and area
under the curve (AUC) were calculated. The optimal cutoff value for
each potential marker was determined using the Youden index. The
combination of different immune-related markers and traditional
blood markers was evaluated in testing the diagnostic efficacy of the
combined indicators. The Delong test was used to compare the AUC
of each diagnostic indicator. All statistical analyses were conducted
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using R software (version 3.8.1, R Development Core Team,
Auckland, New Zealand), with a significance threshold set at P < 0.05.

Results
Lymphocyte subgroup

Peripheral blood lymphocyte levels are presented in Figure 2 and
Supplementary Table 1. The PJI group exhibited significantly higher
NK cell proportion and absolute counts than the AF group (17.05 +
7.49% vs. 12.67 £ 5.43%, P = 0.023; 325.60 + 172.92 cells/uL vs. 242.23
+114.90 cells/UL, P = 0.017, respectively). Conversely, B cell proportion
and absolute counts were lower in the PJI group compared to the AF
group (10.63 + 6.23% vs. 15.65 + 4.98%, P = 0.002; 206.62 + 136.58
cells/uL vs. 302.71 + 135.08 cells/uUL, P = 0.012, respectively). Similar
trends were observed between the PJT and PA groups. However, we did
not observe any changes in T cells and in the two sub-populations of
CD4+ T cells and CD8+ T cells. No any lymphocyte indicators differed
significantly between the AF and PA groups.

Immune-related protein spectrum

The majority of immune-related proteins exhibited significant
differences between the PJI and AF groups(Figure 3 and
Supplementary Table 2). Immunoglobulins and the complement
system were systemically activated in PJI patients. Among them, the
increases in oul-acid glycoprotein (134.58 + 41.30 mg/dl vs. 77.80 +
27.31 mg/dl, P < 0.001, Figure 3M) and haptoglobin (245.08 + 99.00
mg/dl vs. 108.22 + 52.37 mg/dl, P < 0.001, Figure 3N) were the most
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FIGURE 2

Comparison of peripheral lymphocyte subsets in the three groups, including percentages and absolute counts of NK cells (A, D), B cells (B, E), T cells (C, F),
CD3+/CD4+ T cells (G), CD3+/CD8+Tcells (H), CD4+ T cell counts (I), CD8+ T cell counts (J), CD4/CD8 ratio (K), and total lymphocytes (L). PJI,

periprosthetic joint infection; AF, aseptic failure; PA, primary arthroplasty.

pronounced. Similar disparities were noted between the PJI and
PA groups.

The PCA results demonstrated that the differential immune
indicators could effectively distinguish systemic immune profiles. A
clear clustering pattern showed segregation of the PJI group from
the AF and PA groups (Figure 4). The first two principal
components (PC1 and PC2) explained over 50% of the total
variance, with PC1 primarily driving the separation. This
indicates that significant systemic immunologic changes are
characteristic of PJI, while such changes are minimal or absent
between patients with aseptic failure and primary arthroplasty.
Correlations were observed between the majority of immune

Frontiers in Immunology

05

markers and inflammatory markers, including CRP, ESR, and IL-
6 (Table 2). Haptoglobin and ol-acid glycoprotein showed
relatively strong correlations with inflammatory indicators, with
correlation coefficients around 0.7.

Diagnostic potential of immune-related
parameters

The potential of the different immune indicators as novel

diagnostic markers for PJI was evaluated using ROC analysis,
with the results detailed in Figure 5 and Supplementary Table 3.
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FIGURE 3

Comparison of peripheral immune-related proteins in the three groups, including complements C3 (A) and C4 (B), Ig A (C), IgE (D), IgG (E), IgM (F),
light chains k (G) and A (H), B2-microglobulin (1), prealbumin (J), serum transferrin (K), ceruloplasmin (L), al-acid glycoprotein (M), haptoglobin (N),
B1-globulin (O), B2-globulin (P), albumin (Q), al-globulin (R), a:2-globulin (S), and y-globulin (T). PJI, periprosthetic joint infection; AF, aseptic failure;

PA, primary arthroplasty.

Among the lymphocyte subgroups, absolute B cell counts exhibited
the best diagnostic performance (AUC = 0.735, 95%CI: 0.590-
0.880). Among the immune-related proteins, haptoglobin had the
best diagnostic accuracy (AUC = 0.890, 95%CI: 0.803-0.978), which
is comparable to CRP (AUC = 0.900, P>0.05) while better than ESR
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(AUC = 0.837, P = 0.017). Notably, the haptoglobin achieved a
sensitivity of 100% and a specificity of 75% at a cutoff of 186.5
mg/dL.

The same trend was observed in the validation
group. Haptoglobin levels were significantly higher in patients
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FIGURE 4

Principal component analysis of immune parameters. PJI, periprosthetic joint infection; AF, aseptic failure; PA, primary arthroplasty.

with PJI (227.08 + 92.00 mg/dl vs. 119.72 + 78.97 mg/dl, P < 0.001)
and had a diagnostic efficacy comparable to CRP (AUC: 0.856
vs. 0.880).

We evaluated various combinations and found that the
combination of CRP and haptoglobin had the highest diagnostic
efficacy (AUC = 0.937, 95% CI: 0.876-0.998), which was
significantly better than the combination of CRP and ESR (AUC
= 0.886, P = 0.025). In addition, CRP+B cell absolute counts
demonstrated the best diagnostic ability in combinations that
included lymphocyte subsets (AUC = 0.914, 95% CI: 0.831-
0.996). These results indicated that the immune markers could
further enhance the diagnostic ability of the serum indicators.
Combining any three parameters did not further improve
diagnostic accuracy (AUC for haptoglobin + CRP + B cell
absolute counts was highest at 0.933, 95% CI: 0.866-0.999, Figure 6).

Discussion

The systemic immune responses that are elicited by PJI remain
poorly understood. In light of the intricate interrelationship
between implant materials, infection, and the immune system, it
is imperative to enhance our comprehension of the systemic
immune profile in patients with PJI. This study is, to the best of
our knowledge, the first to provide a systemic profile of peripheral
blood lymphocyte subsets and immune-related proteins in PJI, and
to comprehensively compare them with AF or PA groups. The
present study revealed significant alterations in the lymphocyte
profiles of PJI patients, characterized by decreases in B lymphocyte,
and increases in NK lymphocyte. Moreover, the majority of
immune-related protein levels in PJI patients demonstrated
notable alterations. These immune parameters may offer
supplementary insights into the diagnosis of PJI, especially the
haptoglobin with comparable diagnostic accuracy of CRP. More
significantly, the combination of haptoglobin and CRP can achieve
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superior diagnostic efficacy. However, the levels of immune-related
indicators in AF patients were found to be comparable to those in
the PA group.

This study is the first to document a paradoxical decrease in
peripheral B cells with an increase in NK cells among patients with
PJL In the context of infectious diseases, lymphocytes play a pivotal
role in the immune response to sepsis, and their numbers serve as a
direct reflection of a patient’s immune status (15, 18). NK cells are
integral components of innate immunity and are capable of killing
target cells in an unactivated state during infectious diseases.
However, the evidence regarding NK cell behavior in infection is
contradictory. For example, a prospective study conducted by
David Andaluz-Ojeda revealed that in intensive care units, sepsis
survivors exhibited lower NK cell counts and percentage compared
to non-survivors (19). Previous studies demonstrated that higher
NK cell counts in sepsis was associated with poorer outcomes (20),
whereas other clinical reports indicated that NK cells significantly
increase during the early stages of sepsis (21).

B cells can be activated and increased by antigen stimulation
during the initial stages of an infection. Peng et al. (22) observed
elevated percentages of B cells in sepsis patients when compared to
healthy controls. However, B cells were found to drastically decrease
in patients with septic shock. Furthermore, impairments in B cell
activation have been observed in the early stage of invasive
pneumococcal infection (23). A reduction in naive B cells (CD"
*CD?”7), and an increase in immature B cells (CD19*CD5*CD27~
CD217"°") have been documented in elderly patients with sepsis
(24). These findings indicated that B cells may enter an “exhausted”
state during severe infections. We have preliminarily observed a
reduction in peripheral B cells in patients with chronic PJI. We
speculate that this may primarily result from persistent antigen
stimulation derived from biofilms, leading to B cell exhaustion.
Additionally, B cells may be recruited from circulation to the local
infected joint tissue via chemokines. The above conjecture is
preliminary, and further investigation into this phenomenon is
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TABLE 2 Correlation analysis of peripheral immune parameters and
inflammatory indicators.

Immune-related CRP ESR IL-6
markers (mg/dL) (mm/h)  (pg/mL)
r=0.264 r=0.246 r=0.226
NK cell (%
cell (%) P=0016 | P=002  P=0041
r = 0.009 r=0.116 r = 0.061
Absolute NK cell L
bsolute NK cell counts (n/uL) P 0938 P = 0301 P 0588
r=-0161  r=-0272 | r=-0331
B cell (%
cell (%) P=0.149 P =0.013 P = 0.002
= 0.306 = 0.261 = 0.344
Absolute B cell counts (n/uL) ! y f
P=0005 | P=0018  P=0.002
r=0373 r=0531 r=0274
Complement C3 (mg/dl
omplement C3 (mg/d} P=0.001 P <0.001 P=0.013
r=0.198 r=0397 r=0.199
1 4 I
Complement C4 (mg/dl) P =0075 P <0.001 P=0073
r=0317 r=0.351 r = 0.356
IgA (mg/dl
gA (mg/dl) P=0004 | P=0.001 P = 0.001
r = 0.403 r = 0.463 r=0235
1eG (mg/dl
gG (mg/dl) P <0.001 P < 0.001 P = 0.034
, , r=0.531 r=0.538 r=0334
Ig light chain K (mg/dl) P=<0001 P<0.001 P = 0.002
A A r = 0.428 r = 0.466 r=0316
Ig light chain A (mg/dl) P <0.001 P <0.001 P = 0.004
prealbumin (mg/d) r=-0407  r=-0466  r=-0.459
8 P < 0.001 P < 0.001 P < 0.001
, r=-0305 | r=-0435  r=-0.234
Transferrin (me/dD P=0005 | P<0.001 P = 0.034
, r = 0.541 r=0.728 r = 0.466
Ceruloplasmin (mg/d) P <0.001 P <0.001 P < 0.001
, A r = 0.758 r = 0.750 r = 0.706
al-acid glycoprotein (mg/dl) P < 0.001 P < 0.001 P < 0.001
‘ £ =0.707 £ = 0.661 r=0.674
Haptoglobin (meg/dl) P <0.001 P < 0.001 P <0.001
r=0.372 r=0416 r = 0.456
2-globulin (9
B2-globulin (%) P = 0.001 P < 0.001 P < 0.001
ALB (%) r = -0.666 r =-0.757 r =-0.647
? P < 0.001 P < 0.001 P < 0.001
o1-globulin () r = 0.549 r=0584 r = 0.568
8 ° P <0.001 P <0.001 P < 0.001
r=0531 r=0.621 r=0.612
02-globulin (%
globulin (%) P < 0.001 P < 0.001 P <0.001
r = 0.442 r=0.531 £ =0.307
-globulin (9
T-globulin (%) P <0.001 P < 0.001 P = 0.005

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
The values in bold indicate statistically significant differences.

warranted in the future. The profiling of peripheral lymphocyte
subgroups in PJI patients could facilitate the development of new
personalized diagnostic and treatment strategies by enhancing our
understanding of the dynamic immune responses involved.
Activation of the complement system, a vital immune
mechanism against infection, entails the engagement of multiple
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pathways that collectively activate C3 convertase (25). In our study,
we observed systemic activation of the complement system;
however, its accuracy as a diagnostic marker was insufficient, with
an AUC of 0.725. Froschen et al. (26) have measured complement
factors in synovial fluid, suggesting that all complement pathways
may be activated in PJI. However, they also observed that the
diagnostic utility of individual complement factor was constrained.
As demonstrated by the findings of Meinshausen et al., the terminal
complement pathway was activated in infection following shoulder
arthroplasty, whereas it remained normal in aseptic revisions (27).
Another study, comprising 98 revision surgery patients, employed
immunohistochemical staining of periprosthetic tissues to identify
complement C9 as a potential diagnostic marker for PJI (sensitivity
= 89%, specificity = 75%) (28). Besides, no significant differences in
tissue C9 staining were observed between different pathogens,
suggesting that it could serve as a new marker unaffected by
confounding factors such as infection stage or pathogen type.

An inflammatory response is initiated when infection or tissue
damage occurs, resulting in the release of pro-inflammatory
cytokines and a subsequent systemic immune response. In such
scenarios, the liver synthesizes haptoglobin as an acute-phase
protein (APP) (29). Haptoglobin could bind to free hemoglobin
in the periphery, thereby reducing its toxicity and depriving bacteria
of the iron necessary for their metabolism (30). Therefore,
haptoglobin plays a pivotal role in antibacterial responses and
mediates a multitude of immune regulatory reactions, including
inhibiting the oxidative activity of hemoglobin, reducing free radical
production, and regulating the release of inflammatory factors.
Remy et al. have found that infusion of haptoglobin could
improve shock, lung injury, and survival in canine pneumonia
(31). Additionally, it has the capacity to bind at two distinct sites on
neutrophils, thereby inhibiting calcium influx and subsequent
reactive oxygen production (32). This study was preliminary, but
since then there have been few studies on the association between
haptoglobin and neutrophils. Theilgaard Monch et al. subsequently
demonstrated it could be synthesized and stored during granulocyte
differentiation and released in response to neutrophil activation,
thereby increasing its concentration in the periphery by severalfold
following infection or tissue damage (29). Therefore, the potential
association between haptoglobin and neutrophils should be further
explored in the future. Haptoglobin has been demonstrated to be
involved in the pathogenesis of a number of diseases, including
those of the cardiovascular, neurological, and inflammatory systems
(33). Chavez-Bueno et al. (34) have revealed the elevated level of
haptoglobin in cases of neonatal bacteremia. Additionally, elevated
cord blood haptoglobin level could serve as a predictor for neonatal
sepsis (35). Moreover, elevated plasma haptoglobin level has been
demonstrated to be associated with a reduced risk of in-hospital
mortality, and this association is independent of confounding
factors. The present study showed that the haptoglobin level of
PJI patients was approximately 2.5 times higher than that of the
control group. In addition, it has an excellent ability to identify PJI
patients with a sensitivity of 100%. These findings suggested that
haptoglobin can be used as an excellent serum screening marker.
When used together with CRP for the diagnosis of PJI, they
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FIGURE 5
Receiver operator characteristic curves of immune parameters for diagnosis of PJI.
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achieved an AUC of 0.937. These results could be further validated
in studies with larger sample sizes.
Moreover, we found that another APP, al-acid glycoprotein,

was about twice as concentrated in PJI patients compared to
controls and also exhibited good diagnostic value (AUC = 0.889).
Mestriner et al. (36) has found that o.1-acid glycoprotein can inhibit
neutrophil migration to infection sites through a nitric oxide-
dependent process and is involved in the pathogenesis of human
sepsis. Importantly, some reports on animal models of
bone infection suggested that ol-acid glycoprotein may be a
more characteristic serum marker of infection than CRP (37-39).
It was noteworthy that the AUC of ceruloplasmin for diagnosing PJI
also reached 0.859. These findings indicated that further
investigation into the roles of various immune-related APPs in
the pathogenesis of PJI and their potential as new immune markers
was warranted.

The present study has several limitations. Due to sample size

limitations, we did not perform subgroup analyses of immune
responses induced by each pathogen. Besides, the range of
peripheral immune-related indicators was extensive, and the
immune markers included in this study were determined based
on previous literature, laboratory availability, and PJI expert
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opinion. Future investigation of additional immune-related
markers may provide additional valuable insights. In addition, the
immune system is highly dynamic, and data from a single time
point may not accurately reflect the entire disease process. Longer-
term follow-up studies may provide more valuable information.

Conclusions

Significant changes in peripheral lymphocyte subsets were
observed in PJI patients, characterized by a decrease in B
lymphocytes and an increase in NK lymphocytes. In addition,
most peripheral immune-related protein levels showed significant
changes in PJI patients. However, systemic immune markers in AF
patients were comparable to those in patients undergoing primary
arthroplasty. Several systemic immune markers showed promising
diagnostic ability for PJI, and the diagnostic efficacy of haptoglobin
was comparable to that of CRP. Combining specific immune-
related markers with traditional inflammatory biomarkers could
further improve the diagnostic efficacy of serum parameters.
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