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Objective: Precise prediction of the occurrence of complicated perianal abscesses (PAs) in monkeypox (mpox)-infected patients is 
important for therapeutic optimization. This study sought to identify risk factors of complicated PA.
Methods: A total of 48 patients with mpox infection (PA group, n = 10; non-PA (NPA) group, n = 38) were enrolled in our study, who 
were hospitalized in Hangzhou Xixi Hospital, China from 29 June to 3 September 2023. The data of demographic characteristics, and 
clinical symptoms, serum SAA, PCT, CRP, and IL-6 levels were collected by the Electronic Medical Record. The diagnostic values of 
these biomarkers were assessed using multivariate logistic regression and ROC curve analyses.
Results: A decrease in serum IL-6, SAA, and CRP levels (all p-value < 0.05), but not PCT, was observed in all mpox-infected 
patients. A significant positive correlation was also noted between IL-6, SAA, CRP, and PCT levels (all p-value < 0.05). There was 
a significant increase in IL-6 and SAA levels and the SAA/CRP ratio in serum samples from patients in the PA group. Multivariate 
logistic regression and ROC curve analyses identified that the combined use of perianal symptoms and SAA was more sensitive than 
perianal symptoms or SAA alone as predictors of complicated PA. This combination had the highest predictive value for disease 
progression, with an AUC of 0.920 (p-value < 0.001).
Conclusion: The combination of perianal symptoms and SAA levels was strongly linked to the occurrence of complicated PA in 
mpox-infected patients. These findings may inform the early diagnosis of this patient population.
Keywords: serum amyloid A, perianal symptoms, perianal abscess, mpox-infected patients

Introduction
Monkeypox is an infectious disease caused by the human monkeypox virus (MPXV), a zoonotic DNA virus of the 
Orthopoxvirus genus.1 Since May 2022, more than 80,000 MPXV infections have been reported in countries throughout 
the Americas, Africa, and Europe.2,3 On June 23, 2022, the World Health Organization (WHO) declared MPXV an 
“evolving threat of moderate public health concern”.4 There are many symptoms associated with this disease, including 
full-body skin lesions, fever, genital or perianal lesions, fatigue, enlarged lymph nodes, and sore throat, of which perianal 
lesions are most commonly reported first symptom of MPXV infection.5,6 MPXV can be transmitted directly, through 
tattooing or injection or the respiratory route, mostly affecting MSM.7,8 Clade IIb was the predominant strain amid the 
2022 mpox outbreak.8 Despite the use of antiviral agents and intravenous vaccinia immunoglobulin, the mpox-associated 
perianal lesions evolved into abscesses, requiring incision and drainage.9 PA is a common perianal condition that is most 
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often caused by metastatic gland infections.10 Ogoina et al recognized PA as one of the primary complications of MPXV 
infection.11 Among mpox-infected patients, persistent or progressively worsening proctalgia indicates the presence of 
a PA. However, to date, the clinically related factors of complicated PAs in mpox-infected patients have not been 
explored. Thus, it is critical to identify the predictive factors of complicated PAs associated with this infection.

Inflammation is a protective response to invading pathogens and plays an important role during infection. This 
process is triggered by activation of the inflammasome through endogenous stress signals or the binding of evolutionarily 
conserved microbial structures to Toll-like receptors.12 Inflammatory processes are mediated by various inflammatory 
molecules, including cytokines such as interleukin (IL)-6 and acute phase proteins (APP) such as C-reactive protein 
(CRP), serum amyloid A (SAA), and procalcitonin (PCT).13 Both cytokines and APPs are widely used to aid the clinical 
diagnosis of infections.14–16 For example, IL-6, CRP and PCT correlate significantly with the progression of infectious 
diseases such as coronavirus disease 2019 (COVID-19) and respiratory tract infections.17–19 Perez et al reported that 
prematurely elevated SAA helps to differentiate viral from bacterial etiologies.20 However, the role of cytokines or APPs 
during MPXV infection are less well studied. Existing research has confirmed that proinflammatory cytokines (such as 
IL-6)21 and other cytokines (including IFN-γ, IL-2, and TNF)22 are higher in mpox-infected patients than in healthy 
donors. In reported cases of human MPXV infection, several cytokines are elevated regardless of disease severity.23 

Further evidence indicates that marked inflammatory cytokine responses induced by MPXV infection play a critical role 
in disease progression.24 However, additional research is needed to determine how well inflammatory cytokine levels 
correlate with the progression of MPXV disease.

The current study evaluated the association between SAA, PCT, CRP, and IL-6 levels and disease progression in 
mpox-infected patients. To our knowledge, this is the first time a potential link between diagnostic SAA levels and 
symptoms associated with complicated PAs in mpox-infected patients has been explored. The findings may inform the 
development of a method to improve the diagnosis of MPXV disease.

Materials and Methods
Study Population and Design
This retrospective study recruited 54 patients with MPXV infection who were hospitalized in Hangzhou Xixi Hospital, 
China from 29 June to 3 September 2023. The inclusion criteria were: (1) positive MPXV DNA test from a throat swab 
or blister fluid; (2) clinical signs consistent with MPXV, including skin rash or mucosal lesions which can last 2–4 weeks 
accompanied by fever, headache, muscle aches, back pain, low energy, and swollen lymph nodes (https://www.who.int/ 
news-room/fact-sheets/detail/monkeypox). The exclusion criteria were: (1) suffered from acute tonsillitis or sepsis; (2) 
had a history of a PA or anal fistula; (3) died from other diseases.

According to the exclusion criteria, 5 mpox-infected patients were excluded due to tonsillitis or sepsis, and one was 
excluded due to death. In total, 48 mpox-infected patients were included in the further analysis. On magnetic resonance 
imaging (MRI) and rectal examinations, a total of 10 patients developed PA with fluid exudation and intermittent pain 
(PA group). The MPXV nucleic acid test was positive in perianal blister fluid among 10 PA-patients, only 2 patients with 
perianal blister fluid culture were weakly positive for Escherichia coli, indicating complicated PA is attributed to MPXV 
infection rather than bacterial superinfection. There was no severe perianal symptoms in the remaining 38 patients (non- 
PA group). Baseline data including demographic characteristics (age, sex, marital status, education level, homosexual 
behavior, HIV status, body mass index (BMI), smoking status, drinking status, syphilis status, and antibiotic use) and 
clinical symptoms were collected from the Electronics Medical Records (EMR) management system. A study flowchart 
is shown in Figure 1.

Measurement for Serum Parameters
SAA and CRP levels were quantitatively determined using an Immunoturbidimetric Assay (Goldsite Diagnostics Inc)., 
according to the manufacturer’s instructions. An immunochemiluminescence instrument (Roche COBAS 601) was used 
to detect IL-6 and PCT levels using the manufacturer’s matching reagent. All equipment was maintained and calibrated 
according to the specified requirements. Internal and external quality assessments were performed.
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Outcomes of Interest
The primary outcome was the complicated PA of mpox-infected patients. The diagnosis of PA is usually based on 
a detailed medical history and physical examination (including magnetic resonance imaging (MRI) and digital rectal 
examination or anoscopy). Superficial abscesses are often present with perianal pain and swelling but rarely fever. Deep 
abscesses such as ischial rectal fossa or pelvic rectal space abscesses can be accompanied by perineum and lumbosacral 
pain and swelling. PA diagnosis requires confirmation by MRI and digital rectal examination or anoscopy.25,26 The main 
clinical manifestations of PA included perianal ulcerative lesions, rectal wall thickening and edema with fluid exudation, 
enlarged pelvic and groin lymph nodes, and persistent or progressively worse proctalgia.27 PA as a complication of 
refractory MPXV lesions treated with incision and drainage.7

Statistical Analysis
All statistical analyses were performed using R statistical software (R version 4.1.3) and SPSS (Version 25.0). Normally 
distributed continuous variables were described as means with standard deviations (SD). The median (M) and its 
interquartile range (IQR, 1st quartile, 3rd quartile) and nonparametric Wilcoxon signed-rank tests were used to describe 
and compare variables with non-normal distributions, respectively. Numbers and percentages were reported for catego-
rical variables. Proportions were compared using Pearson’s Chi-square test. Correlation analysis was performed using 
Spearman non-parametric correlation tests.28 Multivariate logistic regression analysis was used to determine covariate 
association with the occurrence of PA. All graphs were created using GraphPad Prism 8 software (GraphPad Software 
Inc., San Diego, CA, USA).29 The area under the curve (AUC) was plotted using MedCalc software (MedCalc, version 
18.2.1) with sensitivity and specificity values.30 All reported levels of statistical significance were two-sided, and p-value 
< 0.05 were considered statistically significant.

Results
Baseline Characteristics of the Patients
A total of 48 mpox-infected patients were enrolled in this study, of whom 10 had PA (20.83%). The mean age of 48 
mpox-infected patients was 29.6 years (SD: 5.9), 100% were male, and the mean BMI was 22.4 (SD: 2.8). In addition, 

Figure 1 Study profile for follow-up. A total of 48 mpox-infected patients were included in the study. MPXV: monkeypox virus.
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70.83% of males as having engaged in same-sex sexual experiences. Among 48 patients, 24 patients (50%) were HIV- 
positive, 24 patients (50%) were HIV-negative. Some clinical symptoms related to MPXV infection, including pruritus 
(27.08%), fever (64.58%), chills (6.25%), perianal manifestations (31.25%; including redness, pain, and oozing), PA 
(20.83%), dizziness (10.42%), headache (8.33%), sore throat (4.17%), muscle aches (6.25%), fatigue (2.08%), swollen 
lymph nodes (14.58%) and herpes (60.42%). All mpox-infected patients had rashes on different body regions, including 
the head/face, trunk, limbs, and genitals or perianal regions. While in the hospital, more than half of the patients received 
antibiotics for preventing secondary bacterial infections (54.17%), including doxycycline, ampicillin, moxifloxacin, 
cephalosporins, levofloxacin, and azithromycin. Additional clinical characteristics of the patients are shown in Table 1.

Table 1 Baseline Characteristics of All Participants (n = 48)

Characteristics Values

Sex, n (%)

Male 48 (100)

Female 0 (0)
Age, (Mean±SD) 29.6 ± 5.9

Education level, n (%)

High school/lower 10 (20.83)
Junior college 14 (29.17)

College/higher 24 (50)

Smoking, n (%)
Yes 10 (20.83)

No 38 (79.17)

Drinking, n (%)
Yes 12 (25.0)

No 36 (75.0)

Marital status, n (%)
Married 4 (8.33)

Unmarried 42 (87.5)
Divorced or widowed 2 (4.17)

BMI, (Mean±SD) 22.4 ± 2.8

Homosexual behavior, n (%)
Yes 34 (70.83)

No 14 (29.17)

Syphilis, n (%)
Yes 8 (16.67)

No 40 (83.33)

HIV status, n (%)
Positive 24 (50)

Negative 24 (50)

Symptoms, n (%)
Pruritus 13 (27.08)

Fever 31 (64.58)

Chills 3 (6.25)
Perianal redness/pain/oozing 15 (31.25)

Perianal abscess 10 (20.83)

Dizziness 5 (10.42)
Headache 4 (8.33)

Sore throat 2 (4.17)

Muscle aches 3 (6.25)
Fatigue 1 (2.08)

(Continued)
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Dynamic Changes in the Levels of Inflammatory Markers in Serum Samples from 
Mpox-Infected Patients
IL-6, SAA, CRP, and PCT levels were compared among the mpox-infected patients at three time points (T1–T3) after 
hospitalization. The levels of IL-6 (Figure 2A and Table S1; both p-value < 0.01), SAA (Figure 2B and Table S1; p-value < 
0.001), CRP (Figure 2C and Table S1; p-value < 0.05), and PCT (Figure 2D and Table S1; p-value < 0.01) declined 
significantly from T1 (< 3 days) to T2 (4–7 days) and T3 (> 8 days). The levels of IL-6 (Figure 2A and Table S1; p-value 
= 0.003), SAA (Figure 2B and Table S1; p-value < 0.001), and CRP (Figure 2C and Table S1; p-value = 0.023) further 
decreased from T2 to T3. PCT levels remained similar between these time points (Figure 2D and Table S1; p-value = 0.557).

3.3 Significant positive interplay among IL-6, SAA, CRP, and PCT levels in the serum of mpox-infected patients.
A significant positive association was observed among the levels of IL-6 and SAA (Figure 3A, r = 0.702, p-value < 

0.001), IL-6 and CRP (Figure 3B, r = 0.835, p-value < 0.001), IL-6 and PCT (Figure 3C, r = 0.558, p-value < 0.001), 
SAA and CRP (Figure 3D, r = 0.867, p-value < 0.001), SAA and PCT (Figure 3E, r = 0.558, p-value < 0.001), and 
CRP and PCT (Figure 3F, r = 0.647, p-value < 0.001).

To better understand the relationship between serum IL-6, SAA, CRP, and PCT levels within the PA and NPA groups, 
Spearman rank correlation analysis was performed. There was a significant correlation between IL-6 and CRP (NPA: r = 
0.770, p-value < 0.001; PA: r = 0.762, p-value < 0.05), SAA and CRP (NPA: r = 0.837, p-value < 0.001; PA: r = 0.873, 
p-value < 0.01), SAA and PCT (NPA: r = 0.642, p-value < 0.001; PA: r = 0.791, p-value < 0.05), and CRP and PCT 
(NPA: r = 0.734, p-value < 0.001; PA: r = 0.738, p-value < 0.05) in the NPA (Table S2) and PA groups (Table S3). In the 
NPA group, there was also a significant correlation between IL-6 and SAA (Table S2, r = 0.626, p-value < 0.001), and 
IL-6 and PCT (Table S2, r = 0.616, p-value < 0.001). In contrast, IL-6 was not significantly positively correlated with 
SAA (Table S3, r = 0.464, p-value > 0.05) and PCT (Table S3, r = 0.333, p-value > 0.05) in the PA group.

Comparison of the Clinical Characteristics Between the NPA and PA Groups in 
Mpox-Infected Patients
Except for antibiotic use, the demographic characteristics of the two groups were similar (Table S4). Further analyses 
revealed that patients in the PA group had more perianal symptoms (including redness, pain, and oozing) than those in 

Table 1 (Continued). 

Characteristics Values

Swollen lymph nodes 7 (14.58)

Herpes 29 (60.42)
Rash 48 (100)

Location of rash, n (%)

Head/face 17 (35.42)
Trunk 21 (43.75)

Limbs 20 (41.67)

Genitals/crissum 34 (70.83)
Antibiotics

Yes 26 (54.17)

No 22 (45.83)
Antibiotic types, n (%)

Doxycycline 14 (29.17)

Ampicillin 5 (10.42)
Moxifloxacin 7 (14.58)

Cephalosporins 7 (14.58)

Levofloxacin 8 (16.67)
Azithromycin 1 (2.08)

Abbreviations: BMI, body mass index; HIV, human immunodeficiency 
virus; SD, standard deviation.
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the NPA group (Table 2, p-value = 0.001). Serum levels of IL-6 (p-value = 0.01) and SAA (p-value = 0.001) and the ratio 
of SAA/CRP (p-value = 0.004) were also significantly higher in the PA group than in the NPA group (Table 2). However, 
there was no significant difference in CRP and PCT levels between both groups (Table 2).

Risk Factors for Predicting the Occurrence of PA in Mpox-Infected Patients
Potential factors associated with the occurrence of PA in mpox-infected patients were explored. First, the optimal cut-off 
values of age, IL-6 levels, SAA levels, and the SAA-CRP ratio to effectively predict the outcome of patients with PA 
were explored. The values were > 29 years, > 6.59 mg/L, > 87.99 mg/L, and > 2.82 for age, IL-6, SAA, and the SAA- 
CRP ratio, respectively (Table S5). Moreover, univariate analysis revealed that age, perianal symptoms, and SAA were 
associated with PA. After controlling for age, multivariate analysis verified that the risk factors associated with PA were 
perianal symptoms (p-value = 0.02) and an SAA of 87.99 mg/L (p-value = 0.015) (Table 3).

ROC analysis was then used to assess the ability of perianal symptoms and SAA to predict the occurrence of 
complicated PA in mpox-infected patients. The AUC values for perianal symptoms and SAA levels were 0.808 (95% CI: 
0.665–0.909, p-value < 0.001) (Figure 4A and Table S6) and 0.850 (95% CI: 0.714–0.938, p-value < 0.001), respectively 
(Figure 4B and Table S6). A prediction model with an AUC of 0.920 (95% CI: 0.802–0.980, p-value < 0.001) was 
constructed using these variables (Figure 4C and Table S6). The sensitivity and specificity of the model were 100% and 
70.27%, respectively.

Figure 2 Comparison of the serum levels of IL-6 (A), SAA (B), CRP (C), and PCT (D) at T1 and T2, or T3 after hospitalization in mpox-infected patients. ns p-value > 0.05, 
* p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001. 
Abbreviations: IL-6, interleukin 6; SAA, serum amyloid A; CRP, C-reactive protein; PCT, procalcitonin; T1, < 3 days; T2, 4–7 days; T3, > 8 days.
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Discussion
Mpox is usually a self-limited disease, patients can suffer from extremely painful skin lesions, and complications are 
limited as recent publications mainly focus on patients with inflammatory bowel disease (including PAs).31–33 PAs have 
been reported as one of the primary complications of MPXV infection,11 while PA is regarded as be associated with 
inflammatory conditions.33 Further evidence indicates that marked inflammatory cytokine responses induced by MPXV 
infection play a critical role in MPXV disease progression.24 However, additional research is needed to determine how 

Figure 3 Mutual correlation of the serum levels of IL-6, SAA, CRP, and PCT after patient hospitalization. (A–C) Association between IL-6 and SAA, CRP, and PCT levels. 
(D and E) Correlation between SAA and CRP and PCT levels. (F) Correlation between CRP and PCT levels. 
Abbreviations: IL-6, interleukin 6; SAA, serum amyloid A; CRP, C-reactive protein; PCT, procalcitonin.

Table 2 Comparison of the Clinical Characteristics Between Non-Perianal Abscess and 
Perianal Abscess Groups

Symptoms NPA (n = 38) PA (n = 10) P-value

Time of hospitalization 6 (3,10) 7.5 (7.0,10.25) 0.066

Pruritus
Yes 11 (28.95) 2 (20) 0.868

No 27 (71.05) 8 (80)

Fever/chills
Yes 26 (68.42) 8 (80) 0.745

No 12 (31.58) 2 (20)

(Continued)
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well inflammatory cytokine levels correlate with the occurrence of complicated PAs of MPXV disease. Assessing 
inflammatory cytokine serum levels can play a vital role in the management of infectious diseases, aiding in risk 
assessment, monitoring disease progression, determining diagnosis or prognosis, selecting therapy, and predicting the 
response to treatment.16,34–36 The current study demonstrated a significant increase in IL-6 and SAA levels, and the SAA/ 
CRP ratio in the serum samples of mpox-infected patients with PA. Importantly, both perianal symptoms and SAA levels 
were strongly linked with the risk of complicated PA in this patient population.

Few clinical studies have assessed how well IL-6, SAA, PCT, and CRP levels correlate with disease progression in 
mpox-infected patients. The current study revealed an increasing trend in serum IL-6, SAA, and CRP levels for the 

Table 2 (Continued). 

Symptoms NPA (n = 38) PA (n = 10) P-value

Perianal symptoms (redness/ pain/ oozing)

Yes 7 (18.42) 8 (80) 0.001

No 31 (81.58) 2 (20)

Swollen lymph nodes
Yes 7 (18.42) 0 (0) 0.335

No 31 (81.58) 10 (100)

Herpes
Yes 23 (60.53) 6 (60) 1.000

No 15 (39.47) 4 (40)

Rash 38 (100) 10 (100) -
Location of rash

Head/face

Yes 12 (31.58) 5 (50) 0.476
No 26 (68.42) 5 (50)

Trunk

Yes 16 (42.11) 5 (50) 0.929
No 22 (57.89) 5 (50)

Limbs
Yes 14 (36.84) 6 (60) 0.336

No 24 (63.16) 4 (40)

Genitals/crissum
Yes 29 (76.32) 5 (50) 0.216

No 9 (23.68) 5 (50)

Other symptoms (dizziness/ headache/ sore throat  

/muscle aches/ swollen tonsils/ fatigue)

Yes 9 (23.68) 1 (10) 0.610

No 29 (76.32) 9 (90)

IL-6 (pg/L) 5.61 
(3.07,8.81)

10.47 
(8.24,29.02)

0.01

SAA (mg/L) 30.47 

(8.35,60.37)

176.27 

(69.31,350.0)

0.001

CRP (mg/L) 13.27 

(4.34,22.01)

25.74 

(5.67,60.09)

0.121

SAA/CRP 2.39 
(1.19,4.32)

4.71 
(3.25,9.26)

0.004

PCT (ng/L) 0.1 

(0.06,0.16)

0.1 

(0.07,0.2)

0.622

Abbreviations: NPA, non-perianal abscess; PA, perianal abscess; IL-6, interleukin 6; SAA, serum amyloid A; CRP, 
C-reactive protein; PCT, procalcitonin.
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complicated PAs of mpox-infected patients comparing to non-PA mpox-infected patients. This result consistent with 
a prior study that linked the inflammatory cytokines with infectious disease severity.37 We also observed a significant 
positive correlation between the increased serum levels of IL-6, SAA, CRP, and PCT among mpox-infected patients. This 
finding suggests that these cytokines may be produced from a single cell source, such as monocytes, that release all of 
these cytokines upon activation.38 Together, these results favor a strong correlation among these acute phase proteins and 
cytokines.

To identify factors that predict complicated PA in mpox-infected patients, clinical characteristics were compared 
between patients in the PA and NPA groups. Serum IL-6 and SAA levels and the SAA/CRP ratio were higher in PA 
patients than in NPA patients following hospitalization. Thus, the mpox-infected patients with higher Serum IL-6 and 
SAA levels and the SAA/CRP ratio should pay more attention. Buck et al found that hepatic cell-induced SAA and CRP 
production is affected by IL-6 in vitro, suggesting that the transcription, translation, and/or secretion of these factors may 
be coordinated.39 SAA is a better predictor of disease in patients with a high SAA/CRP ratio.40 Indeed, SAA levels are 
not only closely associated with the progression of MPXV disease, but also serve as a predictor of complicated PA 
among mpox-infected patients. The current study found that hospitalized mpox-infected patients with a higher serum 
concentration of SAA had a noticeably higher risk of complicated PA. Previous studies have also shown that SAA can be 
used as an indicator of the immune response to infection,14,41 reflecting the extent and severity of underlying 
inflammation.41 Thus, increased serum SAA concentrations may correlate highly with inflammation and disease 
progression,42,43 suggesting that this factor plays an important role in the response to infectious disease. The current 
study provides strong evidence that serum SAA levels may serve as an early indicator of MPXV disease progression 

Table 3 Logistic Regression for Factors Associated with Perianal Abscess

Parameters Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P-value

Age (> 29) 5.73(1.25,26.28) 0.025 0.79(0.06,10.73) 0.856

Perianal symptoms 17.71(3.07,102.26) 0.001 28.48(1.68,481.85) 0.02
IL-6 (> 6.59) - 0.998

SAA (> 87.99) 18.08(2.99,109.21) 0.002 27.55(1.92,395.88) 0.015

SAA/CRP (> 2.82) - 0.998

Abbreviations: IL-6, interleukin 6; SAA, serum amyloid A; CRP, C-reactive protein; OR, odd ratio; 
CI, confidence interval.

Figure 4 Diagnostic value of perianal symptoms and serum SAA levels in mpox-infected patients with PA. (A) ROC curve of perianal symptoms in the PA and NPA groups. 
(B) ROC curve of SAA levels in the PA and NPA groups. (C) ROC curve of perianal symptoms and SAA levels in the PA and NPA groups. 
Abbreviations: SAA, serum amyloid A; AUC: NPA, non-perianal abscess; PA, perianal abscess.
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including secondary bacterial infections or other severe outcomes,44 and inform the use of treatment to prevent perianal 
disease.

The univariate analysis in this study confirmed that the presence of perianal symptoms was a predictor of complicated 
PA in mpox-infected patients. A similar study also showed that perianal manifestations may be an initial sign of 
inflammatory disease.45 The inflammatory processes in the current study were mediated by cytokines and acute-phase 
proteins, suggesting that there is a potential correlation between perianal manifestations and both cytokine and acute- 
phase protein production. Further research is needed to confirm these findings.

A single factor is insufficient for disease prediction due to the potential influence of other variables. Interestingly, this 
study found that the combined use of perianal symptoms and SAA was more sensitive than perianal symptoms or SAA 
alone in predicting complicated PA since this combination had the highest predictive value for disease progression. Thus, 
assessing both perianal symptoms and SAA may inform the risk of MPXV disease progression.

This study had some limitations. First, this study is a retrospective and rather small sample size may limit our 
selection of potential risk factors in the multivariate regression analysis to some degree. Second, the smallpox vaccina-
tion status of individual blood donors is unknown, which may lead to differences in the status of immune response to 
MPXV in each mpox-infected patient. Third, additional sampling time points may be needed to determine the peak levels 
of each inflammatory cytokine, which will help to understand the dynamic changes in inflammatory response status in 
mpox-infected patients with different disease severity. Future studies with enhanced coverage (including multiple centers 
and female participants) and long-term follow-up could ensure more accurate and generalizable findings.

In summary, the combination of perianal symptoms and SAA levels were strongly linked with the complicated PA of 
mpox-infected patients. Thus, monitoring perianal symptoms and changes in SAA serum levels may aid the early 
identification and prediction of complicated PA risk in this patient population.
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