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Introduction and importance: Surgical site infection (SSI) is one of the most intractable complications following
spine surgery during the early postoperative stage. Elderly (age > 70 years), body mass index > 30, smoking,
diabetes mellitus, coronary artery disease, chronic obstructive pulmonary disease, anemia, low serum albumin,
operation time > 3 h, and perioperative blood loss > 500 mL are the common risk factors of SSI after spine
surgery. However, there are few published reports about sweat contamination induced surgical site infections
with Staphylococcus epidermidis up to date. Staphylococcus epidermidis is a permanent member of the normal
human microbiota and has emerged as an important opportunistic pathogen in SSI. We aim to detect the in-
fluence of sweat infiltration on SSI with Staphylococcus epidermidis and effective management.

Case presentation: A 73-year-old male, a 54-year-old male and a 73-year-old female were admitted to our hospital.
All of them underwent posterior compression and fusion surgery with internal fixation and got surgical site
infection after primary surgery. Two of them suffered moderate surgical site infection while the third patient
with comorbidities suffered severe surgical site infection. Antibiotic therapy and debridement with internal
fixation retained were utilized during which microbiological culture were taken. The moderate infection patients
got fully recovered after debridement and primary suture while the serious one had recurrence after the first
debridement, and then the second operation was performed. SSI, however, relapsed after three days. Vacuum-
assisted closure (VAC) system was placed in the third debridement. The severe patient got well recovered and
discharged after displacement of VAC system.

Clinical discussion: This report serves to explore a normal but overlooked factor for SSI. SSI is one of the most
intractable complications after spine surgery and the report introduce some uncomplicated but effective methods
to moderate and severe SSL

Conclusion: Sweat-contaminated is an inducement of SSI with Staphylococcus epidermidis that should attract
surgeons' attention. For mild infection, changing dressing and infrared treatment can achieve good results. For
moderate infection, one debridement and primary suture are enough. For severe infection, early application of
VAC system can reduce the number of debridement and achieve good clinical outcome.

1. Introduction

Surgical site infection (SSI) is one of the most intractable complica-
tions following spine surgery during the early postoperative stage. SSI
rates have been reported to be 0.7%-12.0% [1,2]. SSI is divided into
superficial, deep, and organ/space infection according to the United
States Center for Disease Control and Prevention. Deep and organ/space
SSI after posterior spinal instrumentation presents a treatment dilemma
for surgeons in terms of how to completely eliminate bacteria and retain

spinal instrumentation [3]. Despite efforts to reduce spinal surgery-
related infection rates, complications are common and significantly
increased by patient comorbidities. With the advent of implanted
medical devices, Staphylococcus epidermidis has emerged as an important
opportunistic pathogen in patients receiving medical devices, causing
approximately 20% of all orthopedic device-related infections (ODRIs).
Elderly (age > 70 years), body mass index > 30, smoking, diabetes
mellitus, coronary artery disease, chronic obstructive pulmonary dis-
ease, anemia, low serum albumin, operation time > 3 h, and
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perioperative blood loss > 500 mL are the common risk factors of SSI
after spine surgery. However, there are few published reports about
sweat contamination induced surgical site infections with Staphylococcus
epidermidis up to date. Staphylococcus epidermidis is a permanent member
of the normal human microbiota, commonly found on skin, and mucous
membranes [4]. In this report, 3 cases with retrospective research are
presented in which sweat contamination may be the main cause of
surgical site infection with Staphylococcus epidermidis and hypo-
proteinemia, diabetes mellitus, electrolyte disturbance can aggravate
infection. The 3 patients were all admitted by a public hospital and
surgeries were taken by an experienced professor. This case report has
been reported in line with the SCARE criteria [5].

2. Case presentation
2.1. 2 moderate SSI cases

A 73-year-old male with lumbar disc herniation and a 59-year-old
male with spinal cord injury were admitted to our hospital for poste-
rior spine surgery. The two patients received 2 g intravenous Cefazolin
intraoperatively. Their index surgeries were uneventful and stable fix-
ation was achieved. Pedicle screws were utilized. The wound was irri-
gated and closed in a routine fashion. Following the surgery, the patients
received antibiotic therapy for 48 h and discharged six days later. The
patients returned 1 week after discharge and their incision presented
delayed healing. The 73-year-old patient's dressing was soaked by sweat
on the way home and did not change in time. The 59-year-old patient did
not change the dressing in time due to limited physical activity caused
by spinal cord injury. There were purulent secretions within the incision
but no redness, swelling, heat and pain. Laboratory investigations
indicated that white blood cell, neutrophils and C-reactive protein were
elevated but not significant, and culture was taken immediately.
Changing dressing and infrared treatment did not work. Then both of the
patients underwent operative irrigation and debridement with retention
of hardware under general anesthesia. Specimens for microbiological
culture were taken intraoperatively from infected tissue. A small amount
of necrotic tissue and edema granulation tissue were found in the wound
during debridement which were removed followed by irrigation of
povidone iodine, hydrogen peroxide, saline and promethazine and the
fixation system was clean. After placing the drainage, the wound was
sutured. The Gram staining procedure identified gram-positive cocci,
while microbiological culture from the preoperative and intraoperative
revealed the same strain of methicillin-sensitive Staphylococcus epi-
dermidis. Intravenous cefoperazone was administered. CRP and ESR
levels were normal level at 1 week after the surgical treatment for SSI
and the incision healed well. Both of them maintained a good clinical
outcome of the initial surgery after discharge until the final follow-up at
6 months postoperatively without recurrence of SSI.

2.2. 1 severe SSI case

A 73-year-old female with lumbar spinal stenosis, hypertension and
diabetes mellitus was admitted to our hospital. She reported persistent
pain in her waist and intermittent claudication. Magnetic resonance
imaging revealed lumbar spinal stenosis of L4-5. We performed TLIF
and immediately after the surgery, her preoperative clinical symptoms
improved. The patient, however, developed serious hypokalemia and
hypoalbuminemia due to vomiting. She discharged 1 week later during
which sweat soaked dressing because of hot weather.

At two weeks postoperative, spontaneous dehiscence of the surgical
wound and purulent exudate from the opened portion of the wound
were observed. Laboratory investigations were notable for 41 mm/h
erythrocyte sedimentation rate, with 172.4 mg/L CRP, 84% neutrophils,
13.2 x 10°/L white blood cell count and 0.055 ng/mL procalcitonin. She
subsequently underwent operative irrigation and debridement with
retention of hardware under general anesthesia. There were large
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amounts of necrotic tissue and edema granulation tissue and the infected
tissues and pus were taken for culture. Intravenous vancomycin was
administered postoperatively until the culture results showed the strain
of methicillin-sensitive Staphylococcus epidermidis and the sensitive an-
tibiotics was administered to replace vancomycin. Potassium supple-
ment, nutritional therapy and anti-infection were performed at the same
time. The purulent exudate from the opened portion of the wound was
observed again and the second debridement was performed. Three days
after second debridement the patient's wound still had purulent secre-
tion. We decided to perform the third debridement with placement of
VAC system. During the operation, the surgical site was adequately
exposed and then the infected tissues and pus were taken for culture.
After a complete removal of infected and necrotic tissues, the wound was
repeatedly irrigated with large amounts of hydrogen peroxide, normal
saline, and iodine volt solution. After thorough debridement and irri-
gation with implant retention, two inflow tubes were placed under the
deep fascia for continuous irrigation, and the other two outflow tubes
were placed for drainage. A VAC foam was applied to fully cover the
surgical site area with inflow and outflow tubes come out of the skin,
followed by placement of an occlusive transparent film over the incision
and surrounding wound area to make an airtight wound seal. The suc-
tion tube attached to the VAC foam was then connected to a suction
device with a continuous negative pressure of 75 mm Hg. 3000 mL
normal saline was applied for irrigation per day after surgery. Intrave-
nous levofloxacin was administered postoperatively based on the results
of previous bacterial culture and antibiotic susceptibility testing.
Meanwhile, the patient's diabetes mellitus, hypokalemia, and hypo-
proteinemia were also corrected. Postoperative laboratory in-
vestigations showed the patient's procalcitonin, white blood cell count,
erythrocyte sedimentation rate gradually returned to normal. Two
weeks after the third debridement, the drainage was clear and the
bacterial culture of the drainage was negative for three consecutive
times, the VAC system was removed, the continuous irrigation was
terminated, and the inflow tubes were transformed into drainage tubes,
and then the incision was second-stage sutured. Two days after the
operation, the 24 h drainage volume was less than 50 mL, all the tubes
were removed. 1 week after the third debridement the patient's hypo-
kalemia and hypoalbuminemia got corrected. The patient discharged
and maintained a good clinical outcome of the initial surgery until the
final follow-up at 6 months postoperatively without recurrence of SSI.

3. Discussion

According to previous reports, there are several risk factors of SSI.
Hang Shi et al. investigated 21 patients with SSI and found that elderly
(age > 70 years), body mass index > 30, smoking, diabetes mellitus,
coronary artery disease, chronic obstructive pulmonary disease, anemia,
low serum albumin, operation time > 3 h, and perioperative blood loss
> 500 mL were the risk factors of SSI after spine surgery [6]. Lin Zhang
et al. suggested that female sex, diabetes, obesity, BMI, pronged oper-
ation time, prolonged hospital stay, hypertension, and previous surgery
were risk factors for SSI in patients who had undergone lumbar spinal
surgery, whereas, current smoking, ASA grade>2, increased age, COPD,
cardiovascular disease, rheumatoid arthritis, and osteoporosis were not
[7]. Bee-R et al. showed that open wound, wound drainage, wound
contamination and a long hospital stay may increase the risk of wound
infection [11]. All of the three patients we studied had at least one of the
above risk factors, like diabetes mellitus or hypertension, but the mainly
predisposing factor was sweat infiltration. If the patient has multiple risk
factors, he may suffer more severe infection such as the severe case of
the report. The serious diabetes mellitus, hypokalemia, and hypo-
proteinemia can increase the recurrence rate and severity of SSI. Striving
to correct these disorders is crucial to prevent and treat SSI.

SSI is divided into superficial, deep, and organ/space infection ac-
cording to the United States Center for Disease Control and Prevention
[1]. In our opinion, superficial SSI can be considered as mild infection
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which can get well recovery by changing dressing and infrared treat-
ment. Moderate and severe infection are deep wound SSI and can be
classified by the infected tissues and pus observed in the debridement. A
small amount of necrotic tissue and edema granulation tissue were
found in the wound during debridement of moderate cases while there
were a large amount of necrotic tissue and edema granulation tissue in
severe case. The fixation systems of all three cases were clean and no pus
attached. Implant retention may prevent bacterial eradication because
of the presence of biofilm on metal hardware, which diminishes the
effect of antibiotics [8]. The 3 cases in this article, we all performed
surgical debridement with the retention of hardware which had few
influences on debridement and prognosis. It is not recommended to
remove the internal fixation in early SSI. There were no necrotic tissues
adhesion and recontamination on internal fixation system. We advocate
that debridement with retention of internal fixation may not increase the
risk of recurrence of SSI and can achieve good curative effect on primary
disease. If the hardware is removed before graft fusion, in an attempt at
infection control, the result may be spinal instability, causing clinical
symptoms of backache, radicular pain, or neurologic deficits [9].

Staphylococcus epidermidis is a permanent member of the normal
human microbiota and has emerged as an important opportunistic
pathogen in SSI. Staphylococcus epidermidis is weak, and the patient has
no redness, swelling, heat and pain [4]. Laboratory investigations
indicated that white blood cell, neutrophils and C-reactive protein were
elevated but not significant. The infected wound after debridement was
sutured for one stage in these moderate infection patients. For these
patients having risk factors, we advocate that VAC system should be
placed in the first surgical debridement to decrease reoperation rates.
VAC system can improve local microcirculation, remove necrotic tissues
and inflammatory factors, decrease the bacterial adhesion and recon-
tamination [10]. Such as the severe infection patient, we performed
debridement and sutured for one stage according to past experience. The
infection, however, relapsed in three days after debridement. Potassium
supplement, nutritional therapy and anti-infection were performed after
analyzing the risk factors. The second debridement was performed in 1
week after the first one. The infection recurred again unexpectedly. We
were in trouble to solve the problem. The third debridement was per-
formed in 1 week and the VAC system was applied which achieved good
clinical outcome.

4. Conclusion

Sweat contamination is an inducement of SSI with Staphylococcus
epidermidis. Hypoproteinemia, diabetes mellitus, electrolyte disturbance
can aggravate infection.

For mild infection, changing dressing and infrared treatment can
achieve good results. For moderate infection, one debridement and
primary suture are enough. For severe infection, early application of
VAC system can reduce the number of debridement and achieve good
clinical outcome. Striving to correct comorbidities is crucial to prevent
and treat SSIL.

Abbreviations

SSI surgical site infection

TLIF transforaminal lumbar interbody fusion
VAC vacuum-assisted closure

Provenance and peer review
Not commissioned, externally peer-reviewed.
Consent statement

Written informed consent was obtained from the patient for

International Journal of Surgery Case Reports 94 (2022) 107153

publication of this case report and accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this
journal on request.

Ethical approval

In our institute, the approval of the ethics committee for the retro-
spective analysis of a clinical case report is not required.

Funding

This study was supported by the National Natural Science Founda-
tion of China (82074173). The funding body has not been involved in
the design, outcomes collection, interpretation or the writing of the
manuscript.

Guarantor
Zhengfeng Lu.
Research registration number
Not applicable.
CRediT authorship contribution statement

All authors contributed to the study. YHM wrote the manuscript and
collected relative figures. ZFL performed the surgery. All authors read
and approved the final manuscript.

Declaration of competing interest

The authors declare that they have no conflict of interest concerning
this article.

References

[1] Q. Fei, J. Li, J. Lin, et al., Risk factors for surgical site infection after spinal surgery:
a meta-analysis, World Neurosurg. 95 (2016) 507-515.

[2] M.A. Olsen, J.J. Nepple, K.D. Riew, et al., Risk factors for surgical site infection
following orthopaedic spinal operations, J. Bone Joint Surg. Am. 90 (1) (2008)
62-69.

[3] S.H. Chen, W.J. Chen, M.H. Wu, J.C. Liao, C.J. Fu, Postoperative infection in
patients undergoing posterior lumbosacral spinal surgery: a pictorial guide for
diagnosis and early treatment, Clin. Spine Surg. 31 (6) (2018) 225-238, https://
doi.org/10.1097/BSD.0000000000000633.

[4] M. Sabaté Bresc6, L.G. Harris, K. Thompson, B. Stanic, M. Morgenstern,

L. O'Mahony, R.G. Richards, T.F. Moriarty, Pathogenic mechanisms and host
interactions in Staphylococcus epidermidis device-related infection, Front.
Microbiol. 8 (2017) 1401, https://doi.org/10.3389/fmicb.2017.01401.

[5] R.A. Agha, T. Franchi, C. Sohrabi, G. Mathew, for the SCARE Group, The SCARE
2020 guideline: updating consensus Surgical CAse REport (SCARE) guidelines, Int.
J. Surg. 84 (2020) 226-236.

[6] H. Shi, L. Zhu, Z.L. Jiang, Z.H. Huang, X.T. Wu, The use of incisional vacuum-
assisted closure system following one-stage incision suture combined with
continuous irrigation to treat early deep surgical site infection after posterior
lumbar fusion with instrumentation, J. Orthop. Surg. Res. 16 (1) (2021) 445,
https://doi.org/10.1186/513018-021-02588-y.

[7] L. Zhang, E.N. Li, Risk factors for surgical site infection following lumbar spinal
surgery: a meta-analysis, Ther. Clin. Risk Manag. 14 (2018) 2161-2169, https://
doi.org/10.2147/TCRM.S181477.

[8] J.W. Costerton, Biofilm theory can guide the treatment of device related
orthopaedic infections, Clin. Orthop. Relat. Res. 437 (2005) 7-11.

[9] M. Ishii, M. Iwasaki, T. Ohwada, T. Oda, T. Matsuoka, Y. Tamura, K. Izawa,
Postoperative deep surgical-site infection after instrumented spinal surgery: a
multicenter study, Glob.Spine J. 3 (2) (2013) 95-102, https://doi.org/10.1055/s-
0033-1343072.

[10] L. Zhang, Y. Zhao, Y. Lu, P. He, P. Zhang, Z. Lv, Y. Shen, Effects of vacuum sealing
drainage to improve the therapeutic effect in patients with orthopedic trauma and
to reduce post-operative infection and lower-limb deep venous thrombosis, Exp.
Ther.Med. 20 (3) (2020) 2305-2310, https://doi.org/10.3892/etm.2020.8941.

[11] R. Bec, J.C. Wenke, An effective negative pressure wound therapy-1 compatible
local antibiotic delivery device, J. Orthop. Trauma 31 (2017) 1.


http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638444177
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638444177
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638471738
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638471738
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638471738
https://doi.org/10.1097/BSD.0000000000000633
https://doi.org/10.1097/BSD.0000000000000633
https://doi.org/10.3389/fmicb.2017.01401
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020635577486
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020635577486
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020635577486
https://doi.org/10.1186/s13018-021-02588-y
https://doi.org/10.2147/TCRM.S181477
https://doi.org/10.2147/TCRM.S181477
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020636041920
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020636041920
https://doi.org/10.1055/s-0033-1343072
https://doi.org/10.1055/s-0033-1343072
https://doi.org/10.3892/etm.2020.8941
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638412675
http://refhub.elsevier.com/S2210-2612(22)00399-6/rf202205020638412675

	Sweat contamination induced surgical site infections after spine surgery: Three case reports and literature review
	1 Introduction
	2 Case presentation
	2.1 2 moderate SSI cases
	2.2 1 severe SSI case

	3 Discussion
	4 Conclusion
	Abbreviations
	Provenance and peer review
	Consent statement
	Ethical approval
	Funding
	Guarantor
	Research registration number
	CRediT authorship contribution statement
	Declaration of competing interest
	References


