
ABSTRACT
Objective: Infectious complications are the most common cause of unsatisfactory results of surgical treatment and prolongation of 

hospitalization in patients following spinal surgery. The purpose - to assess the microbiological characteristics of SSI in patients after 
posterior lumbar fusion for degenerative disease, and to determine the relationship between these characteristics and surgical features 
of SSIs. Methods: A single-center retrospective non-randomized cohort study was performed, 1563 patients aged 37 to 59 years were 
included in the study. Microbiological characteristics were analyzed, and their interrelations with the surgical features of all cases of SSIs 
were determined. Results: The incidence of SSIs was 2.67% (41). Monomicrobial SSIs were detected in 46.3% (19) patients, polymicrobial 
in 36.5% (15) cases, and negative results of inoculation in 17.07% (7) patients. The most frequent pathogens of SSIs in the study group 
were S. aureus and S. epidermidis - 37.9% (33) and 24.1% (21), respectively. The period of development of symptoms of SSIs in patients 
after posterior lumbar fusion averaged 25.9±65.3 days. Methicillin-resistant S. aureus and S. epidermidis (MRSA and MRSE) were verified 
in 24.1% (21) cases. Conclusions: Assessment of microbiological characteristics should be carried out in all diagnosed cases of SSIs in 
patients after spine surgical interventions, as these are closely linked to the surgical features of the infectious process. Also, the treatment 
tactics for this group of patients should be determined by a medical team working in conjunction. Level of evidence IV; Descriptive study.
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RESUMO
Objetivos: As complicações infecciosas são a causa mais comum de resultados insatisfatórios no tratamento cirúrgico e de prolongamento 

da hospitalização em pacientes após cirurgia da coluna vertebral. O objetivo - avaliar as características microbiológicas do SSI em pacientes 
após a fusão lombar posterior para sua doença degenerativa e determinar a relação entre essas características e as características cirúrgicas 
de SSIs. Métodos: Um estudo de coorte retrospectivo não aleatorizado de um centro foi realizado, 1563 pacientes com idade entre 37 e 59 
anos foram incluídos no estudo. As características microbiológicas são analisadas e sua interação com as características cirúrgicas de todos os 
casos de SSIs é determinada. Resultados: A incidência de SSIs foi de 2,67% (41). Os SSI monomicrobianos foram detectados em 46,3% (19) 
pacientes, polimicrobianos - em 36,5% (15) casos e resultados negativos de inoculação – em 17,07% (7) pacientes. Os agentes patogénicos 
mais frequentes das SSI no grupo de estudo foram S. aureus e S.epidermidis - 37,9% (33) e 24,1% (21), respectivamente. Conclusões: A 
avaliação das características microbiológicas deve ser realizada em todos os casos diagnosticados de SSI em pacientes após intervenções 
cirúrgicas da coluna vertebral em conexão inextricável com as características cirúrgicas do processo infeccioso, e as táticas de tratamento 
deste grupo de pacientes devem ser determinadas estritamente colegialmente. Nível de evidência IV; Estudo descriptivo.

Descritores: Infecção da ferida cirúrgica; Coluna vertebral; Procedimentos Cirúrgicos; Microbiologia.

RESUMEN
Objetivo: Las complicaciones infecciosas son la causa más común de resultados insatisfactorios del tratamiento quirúrgico y la prolongación 

de la hospitalización en pacientes después de la cirugía espinal. El objetivo es evaluar las características microbiológicas de la ISQ en pacientes 
después de una fusión lumbar posterior por su enfermedad degenerativa, y determinar la relación entre estas características y las características 
quirúrgicas de las ISQ. Métodos: Se realizó un estudio de cohorte retrospectivo no aleatorizado de un centro, 1563 pacientes de 37 a 59 años 
de edad fueron incluidos en el estudio. Se analizó las características microbiológicas y se determinó su interrelación con las características 
quirúrgicas de todos los casos de ISQ. Resultados: La incidencia de ISQ fue del 2,67% (41). Se detectaron ISQ monomicrobianas en 46,3% 
(19) pacientes, polimicrobianas, en 36,5% (15) casos y resultados negativos de inoculación, en 17,07% (7) pacientes. Los patógenos más 
frecuentes de las ISQ en el grupo de estudio fueron S. aureus y S. epidermidis: 37,9% (33) y 24,1% (21), respectivamente. El período promedió 
de desarrollo de síntomas de ISQ en pacientes después de la fusión lumbar posterior fue de 25,9 ± 65,3 días. Conclusiones: La evaluación de 
las características microbiológicas debe llevarse a cabo en todos los casos diagnosticados de ISQ en pacientes después de intervenciones 
quirúrgicas espinales en conexión inextricable con las características quirúrgicas del proceso infeccioso. Además de eso, las tácticas de 
tratamiento de este grupo de pacientes deben determinarse estrictamente de forma colegiada. Nivel de evidencia IV; Estudio descriptivo.

Descriptores: Infección de la herida quirúrgica; Columna vertebral; Procedimientos quirúrgicos; Microbiología.
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INTRODUCTION
It is known that infectious complications are the most common 

cause of unsatisfactory results of surgical treatment and prolonga-
tion of hospitalization in patients following spinal surgery.1,2 Accor-
ding to the National Register of Infections, surgical site infections 
(SSIs) are the third most frequently registered nosocomial infection, 
accounting for 14-16% of cases of infection among hospitalized 
patients.3 Often, SSIs require complex treatment to cure the in-
flammatory process, up to the time of repeated audit operations. 
Due to their high incidence rate, SSIs are a significant economic 
«burden» for practical health care; the costs associated with SSIs 
in the US and Europe range from $15,800 to $43,900 for each 
newly identified case of SSI.4,5 In addition, SSIs are a direct factor 
affecting one of the most important indicators in the work of a 
health care institution and practical health care in general, which 
is the quality of specialized medical care.6

Some small randomized clinical and retrospective studies 
confirm the effectiveness of individual antimicrobial drugs in the 
prevention of SSIs in patients after spinal surgery.7-10 Nevertheless, 
so far, in many clinical recommendations for the prevention of SSIs 
there is no common opinion in regard to the selection of certain 
groups of antibacterial agents in this group of patients. When choo-
sing antibacterial drugs, it is necessary to take into account their 
broad activity in vitro with respect to the most probable pathogens 
characteristic for this species and the localization of SSIs.11,12 When 
searching for literature sources in the Pubmed, Medline and E-
-library databases, we found only single reports devoted to the 
study of the microbiological characteristics of SSIs in patients 
after surgical operations on the spine. These studies include a 
small number of respondents and do not take into account the 
relationship between microbiological characteristics and surgical 
features of SSIs.13-16

A modern understanding of the problem of SSIs in conditions of 
growing resistance of microorganisms to antibacterial drugs inclu-
des an assessment of the microbiological characteristics of each 
SICI case in indissoluble connection with the surgical features of this 
type of complications. All this allows us to choose a rational tactic for 
antimicrobial therapy, and to develop effective antibiotic prophylaxis 
for SSIs, while minimizing adverse drug reactions.

The purpose of this study was to evaluate the characteristics of SSIs 
in patients following posterior lumbar fusion, and to determine the rela-
tionship between these characteristics and the surgical features of SSIs.

METHODS
A single-center retrospective non-randomized cohort study 

was performed.
The study included all cases of SSIs in patients after posterior 

lumbar fusion.
The criteria for exclusion from the study were: (1) age over 60 

years, (2) osteoporosis, (3) suffered spine trauma, (4) decompen-
sated diabetes mellitus, (5) chronic heart disease, (6) renal failure, 
and (7) secondary immunodeficiency states.

The study was performed at the Neurosurgical Center of Road 
Clinical Hospital, St. Irkutsk-Passenger (Irkutsk, Russia).

The study was conducted between March 2012 and November 2017.
Each case of SSIs was confirmed by the medical team working 

in conjunction, consisting of a neurosurgeon, a general surgeon, 
and an infectious disease specialist, taking into account clinical and 
laboratory data, and classified according to the recommendations 
of the National Nosocomial Infection Surveillance (NNIS).17

Surgical features of SSIs in the study group included: (1) the du-
ration of the development of SSI symptoms from the time of surgery, 
(2) the prevalence of SSI in the patient groups after the first operation 
and after repeated operations on the lumbosacral spine, (3) as well 
as the frequency of occurrence of this complication, depending on 
the level of the operated vertebral-motor segment.

Bacteriological study of the separated postoperative wounds 

was carried out according to the methodological recommendations 
of the sanitary-epidemiological regime. The material for the study 
was carefully collected using a sterile Pasteur pipette with a rubber 
pear, and placed in a sterile tube.

The sowing was performed on universal dense nutrient media 
by the Lincei method. To isolate staphylococci, we sowed directly 
on a Petri dish with yellow-salt agar medium (Chistovich’s medium). 
In addition, as a storage medium, we used broth with 6.5% sodium 
chloride, a broth with 1% glucose, poured into 0.5 ml tubes, in which 
0.2-0.3 ml of flushing liquid was inoculated. The seeded tubes were 
incubated at 37°C for 20-24 hours, after which they were seeded 
on Chistovich’s medium. To identify the bacteria of the group of E. 
coli, seeding on the enrichment medium was performed, for which 
a tampon was immersed in 10-20% bile broth or Kessler’s medium. 
A day later, the incubation at 37°C was performed by transferring to 
Endo medium. The identification of strains was carried out taking 
into account their morphological and cultural characteristics. Anti-
sensitivity was determined by the disk method. For each identifica-
tion of microbial association during the bacteriological examination, 
the microorganisms detected were individually recorded.

The study was approved by the ethics committee of the Irkutsk 
State Medical University (No. 12 of 08.02.2016). The study was 
conducted in accordance with the principles of good clinical practice 
and the Helsinki Declaration.18 Before the study, patients provided 
written informed consent.

Statistical processing of data was carried out using Microsoft 
Excel 2010 software. The data obtained are presented in the form 
M±SD (M is the mean value, SD is the standard deviation). The 
relationship between the microbiological and surgical characteristics 
of SSI was estimated using the χ2 criterion. A significance threshold 
of p > 0.05 was set.

RESULTS
The study included 1563 patients (755 women and 808 men) 

aged 37 to 59 years (mean age 45.2 ± 4.6 years) who underwent 
rear posterior lumbar fusion.

The incidence of SSIs in the study group was 2.67% (41). Mono-
microbial SSIs were detected in 46.3% (19) patients, polymicrobial - 
in 36.5% (15) cases and negative seeding results were verified in 
17.07% (7) patients. At 4.08% (2) patients, a second hospitaliza-
tion was required to perform audit interventions on the wound with 
complex SSI therapy. Gram-positive bacteria were identified in 65.5% 
(57) patients with SSIs, gram-negative microorganisms in 29.8% (26) 
cases and fungal isolates in in 7.3% (4) of the patients. The most 
frequent pathogens of SSIs in the study group were S. aureus and S. 
epidermidis, with 37.9% (33) and 24.1% (21), respectively. Other 
common etiologic agents of SSIs were: Enterococcus spp. - 11.4% 
(10), E. coli - 8.04% (7), Propionibacterium spp. - 5.74% (5) and Pep-
tostreptococcus  - 4.59% (4). Table 1 shows all the identified SIC 
agents and their incidence.

The average period of development of symptoms of SSIs in pa-
tients after posterior lumbar fusion was 25.9±65.3 days. At the same 
time, when gram-negative pathogens were detected, the period of 
symptom development of this complication had a shorter duration - 
21.5 ± 40.3 days. The longest period of development of symptoms 
of SSIs was noted in the case of identification of Propionibacterium 
spp., which was 35.8±44.2 days. (Table 2)

Methicillin-resistant S. aureus and S. epidermidis (MRSA and 
MRSE) were verified in 24.1% (21) cases. It should be noted that 
the frequency of occurrence of MSSA was almost twice that of 
MRSA. On the other hand, the prevalence of MRSE was also 
almost twice the frequency of MSSE. Vancomycin-resistant  En-
terococcus was isolated in 7.3% (3) patients with SSIs. Cefazolin-
resistant gram-negative bacteria accounted for 42.3% (11) of all 
the SSIs caused by gram-negative bacteria, and 12.6% of the 
total number of microorganisms sown. In 2.29% (2) cases  E. 
coli  resistant to cefazolin and producing a wide spectrum of 
β-lactamases were sown.
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In patients who underwent repeated surgical interventions on the 
lumbar spine, SSIs was significantly more common, in contrast to the 
group of patients who were first operated for degenerative disease of 
the lumbar spine (p=0.0023) (Figure 1). The number of diagnosed 
cases of SSIs caused by gram-negative bacteria increased with 
statistical significance from the level of the intervertebral disc L1-L2 
to L5-S1 (p=0.034) (Figure 2).

DISCUSSION
SSIs represent one of the most challenging complications in 

surgical practice. The present retrospective cohort study presents 
the results of the analysis of the microbiological characteristics of 
SSIs cases in patients after posterior lumbar fusion for its degenera-
tive disease. Given the high prevalence of methicillin-resistant strains 
of the genus Staphylococcus spp. and other microorganisms with 
multiple drug resistance, a clear understanding of the microbiology 

of SSIs should be developed to modify the perioperative prevention 
of this type of adverse events and the selection of effective empirical 
antimicrobial therapy.

In our study, most of the causative agents of SSIs belonged 
to the gram-positive microflora, mainly S. aureus and S. epider-
midis. The results obtained are in many ways consistent with data 
from other clinical and microbiological studies confirming the 
predominant participation of skin microflora in the role of etiologi-
cal agents of SSIs.14,19,20 It has been proven that S. epidermidis is 
the most common causative agent of SSIs in patients who have 
undergone lumbar or lumbosacral fusion,21 a fact that was also 
confirmed by the results of this study. When identifying S. epider-
midis from a detachable wound, the tactics of treating a patient 
with SSIs should be determined by the medical team working 
in conjunction, consisting of a neurosurgeon, general surgeon, 
infectious disease specialist and clinical pharmacologist. This 
is because the genus Staphylococcus spp. is capable of rapid 
biofilm formation on the surface of implanted implants, which 
nullifies the effectiveness of antibiotic therapy.22,23 The studies that 
have been conducted on the characteristics of the formation of 
biofilms (the rate of their formation and resistance to the action 
of antimicrobial drugs), depending on the material of the implants 
(stainless steel, titanium, cobalt and chromium alloy) did not show 
significant differences.24

It should be noted that in most cases, SSIs symptoms de-
veloped in patients who underwent repeated fusion surgeries on 
the spine, the causative agents of which were methicillin-resis-
tant Staphylococcus spp. In a study by Abdul-Jabbar et al.25 us-
ing the binary logistic regression method, it was proven that 
decompression-stabilizing surgical interventions performed at the 

Table 1. Types of SSIs pathogens in patients after posterior lumbar fusion 
and the frequency of their occurrence.

Microorganism % N

S. aureus 37.9 33

MRSA 4.59 8

MSSA 9.19 16

S. epidermidis 24.1 21

MRSE 6.89 13

MSSE 3.44 7

Enterococcus spp.* 11.4 10

E. coli 8.04 7

Peptostreptococcus 4.59 4

Propionibacterium spp.** 5.74 5

P. aeruginosa 2.29 2

P. mirabilis 2.29 2

A. baumannii 1.14 1

Candida spp. 1.14 1

A. fumigatus 1.14 1

* - vancomycin-resistant E. faecium (3), E. gallinarum (7); ** - P. acnes (4) P. avidum (1).

Table 2. Period of development of symptoms of SSI depending on the type 
of microorganism.

Microorganism Days to SSI

All 25,9±65.3

Gram-negative microorganisms 21.5±40.3

S. aureus 19.6±47.1

S. epidermidis 24.1±42.5

Enterococcus spp. 23.8±54.3

E. coli 24.7±38.6

Peptostreptococcus 28.1±39.4

P. acnes 35.8±44.2

Figure 1. Number of SSIs cases caused by Staphylococcus spp. (including 
MRSE and MRSA) in the groups of patients with first-time and repeated sur-
gical interventions: there is a significant difference in the overall prevalence 
of SSIs between these groups and the incidence of SSIs caused by MRSA 
(* - p = 0.0023, ** - p = 0.0041).

Figure 2. Number of SSIs cases after the performed posterior lumbar fusion 
depending on the operated level.

Staphylococcus spp.                  MRSE                  MRSA

L5-S1      L4-L5      L3-L4      L2-L3     L1-L2
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low lumbar level significantly increased the risk of SSIs. Current 
clinical recommendations for antibiotic prophylaxis of SSIs do not 
regulate the widespread use of vancomycin, however, in patients 
at high risk of developing this complication, the use of vancomycin 
is considered necessary.26 In our opinion, patients who undergo 
repeated operations on the spine have a high risk of SSIs, and local 
use of vancomycin powder to prevent this type of complications is 
an effective and justified method.

The prevalence of SSIs caused by gram-negative microflora was 
29.5%, which fully agrees with the data from the global literature.13, 27, 

28 It is important to note that the majority of cases of SSIs in which the 
gram-negative bacteria acted as an etiological agent were significantly 
more frequent at the lower lumbar level, which probably reflects the 
microbial landscape of the skin in this anatomical region. This is also 
confirmed by the fact that in the overwhelming majority of cases of 
SSIs in patients who had undergone surgical interventions at the lower 
lumbar level, microbial associations are distinguished. Nevertheless, 
it cannot be unequivocally asserted that the cause of the develop-
ment of SSIs in this group of patients is intraoperative inoculation of 
bacteria or postoperative sowing of the wound by the urinary and/
or fecal microflora. Undoubtedly, the data obtained underscore the 
importance of pre-surgical treatment of the skin (shaving the areas of 
surgery and douches with antiseptic solutions), and also of swabbing 
the operating field with alcohol antiseptic solutions, at least three 
times.29,30 In addition, in the postoperative period, special attention 
should be given to the processing and dressing of wounds, especially 
in the lower lumbar spine. In a systematic review by Xing et al.31  it 
was shown that prolonged use of active drainage in patients after 
lower lumbar and lumbosacral fusion significantly increases the risk of 
SSIs. Undoubtedly, it is necessary to conduct further large multicenter 
studies to determine the role of the level of the operated segment and 
active drainage of the wound in the development of SSIs.

The relatively high percentage of cefazolin-resistant gram-
negative microflora casts doubt on the efficacy of this antibacterial 
drug in preventing the development of SSIs. On the other hand, 
the overall prevalence of cefazolin-resistant gram-negative bacteria 
among all isolated pathogens is low, and in most cases of SSIs, 
the causative agent was the genus Staphylococcus spp. Taking into 
account the accumulated experience of the Neurosurgical Center of 
the Road Clinical Hospital at st. Irkutsk-Passenger (Irkutsk, Russia) 
on prevention and treatment of SSIs in patients after various surgical 
interventions on the spine, we recommend the use of cefazolin in 
perioperative prevention of this complication, including in patients 
at high risk. This antibacterial drug has a broad spectrum of action, 
can be administered intravenously and intramuscularly with a small 
amount of undesirable drug reactions, and is low in cost.

Limitations of the study
This study has a number of limitations that need to be identi-

fied. It is a retrospective study, which could not but affect the 
quality of data collection for analysis. In addition, the work was 
carried out in one institution only, which has certain features of 
the microbial landscape of the department and the operating 
unit; this does not allow us to extrapolate the data obtained 
to other medical and preventive institutions. Undoubtedly, it is 
necessary to conduct further large-scale studies with the inclu-
sion of several institutions and a larger number of patients under 
study, which will allow us to reliably estimate and analyze the 
statistical data obtained.

CONCLUSION
SSIs in spinal neurosurgery are important prognostic factors 

for the clinical outcome of surgical treatment of patients, the qual-
ity of care provided, and the cost-effectiveness of hospitalization. 
Modification of modern methods of antibiotic prophylaxis of SSIs 
in patients after performed surgical interventions on the spine will 
significantly reduce the incidence of this complication, improve the 
results of treatment of this group of patients, and reduce the costs 
of practical health care for the provision of specialized medical 
care for patients with degenerative diseases of the spinal column. 
The present study evaluates the microbiological characteristics of 
SSIs in indissoluble connection with their surgical features. The 
data obtained by us can be used in the designation of empirical 
antimicrobial therapy, taking into account the characteristics, the 
type of operation performed, and the probable pathogen of SSIs, 
including when choosing rational antibiotic prophylaxis with fewer 
unwanted drug reactions. Perioperative administration of cefazolin 
and intraoperative topical application of vancomycin powder is 
a justified and effective method of antibiotic prophylaxis of SSIs 
in patients at high risk. Thus, the evaluation of microbiological 
characteristics should be carried out in all diagnosed cases of 
SSIs in patients after surgical interventions on the spine, in close 
connection with the surgical features of the infectious process. 
The tactics of treatment of this group of patients is determined 
by a medical team working in conjunction, consisting of a neuro-
surgeon, general surgeon, infectious disease specialist, clinical 
pharmacologist and epidemiologist.

All authors declare no potential conflict of interest related to 
this article.
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