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Abstract 

BACKGROUND: Periprosthetic joint infection (PJI) is a devastating complication of joint arthroplasty. The 
identification of microorganisms in biofilm-related PJI is challenging yet significant stage of the treatment process. 
Medical microbiology methods, such as pure culture isolation, remain the gold standard. However, the error rate 
of classical methods may vary from 10% to as high as 42% due to the inability to detect bacteria growing within 
biofilms. Other methods of detection are being explored to improve the management of PJI. 

AIM: Accurate identification of PJI contributing microorganisms in a patient with acute postoperative PJI after total 
hip joint arthroplasty and systemic lupus erythematosus in anamnesis. 

METHODS: We used microbial culture methods followed by scanning electron microscopy (SEM). 

RESULTS: Perioperative an intraoperative cultural analysis of 8 different culture samples of tissue and prosthetic 
origin was insufficient for bacterial or fungal detection. Scanning electron microscopy revealed detailed biofilm 
visualisation on the surface of the prosthetic component. The biofilm exterior was composed of microbial clusters 
made of 10 or more cells with either pear- or bottle-shaped morphology, 3-6 mcm in length and 1.5-3 mcm in 
diameter. Rod-shaped microorganisms of 0.7-1 mcm length and up to 0.5 mcm in diameter were found adjacent 
to these clusters. 

CONCLUSION: Additional methods for PJI agents’ detection are time-and cost-effective in the case of the 
challenging diagnostics of biofilm-related PJI, particularly in immunocompromised patients. Using combined 
diagnostic approaches increases the accuracy of detection, justifies treatment strategies and improves clinical 
outcomes. 

 
 
 
 
 
 
 

Introduction 

 

Periprosthetic joint infection (PJI) is one of the 
most serious complications following total joint 
arthroplasty. The accurate identification of microbes 
contributing to PJI is critical for PJI detection and 
treatment. However, the identification may pose a 
significant challenge since the diagnostic tests report 
both false positive and false negative results. The 
reference standard for diagnosing of implant-related 
infections is the isolation of the pathogen in pure 
cultures and subsequent identification using the 
combination of tinctorial, physiological, biochemical 
methods [1].  

Gram-positive bacteria contribute to the 

development of periprosthetic infection in 88% of 
cases. Infection by gram-negative bacteria is relatively 
rare (approximately 7%). The common reasons for 
gram-negative bacterial infection are empirical 
antibiotic therapy and prolonged surgical drain stay 
after endoprosthesis surgery. The widespread gram-
negative agents are Pseudomonas aeruginosa, 
Acinetobacter baumanii, Klebsiella pneumoniae, 
Proteus spp., Enterobacter spp., Escherichia coli [2], 
[3], [4]. Despite recent technological advances in 
cultural methods, an overwhelming 10% to 42% 
microbial causes of all periprosthetic infections remain 
unidentified [5], [6]. 

The standard microbiology approach for 
microbial identification can be problematic due to the 
inability of biofilm-forming microorganisms to grow 
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independently in pure culture [7] along with variability 
in time and specifics of cultivation methods for 
different species [8], [9], [10]. 

Therefore, further studies are needed to 
improve the management and prevention strategies of 
PJI.  

Scanning electron microscopy (SEM) is one 
of the effective methods for studying microbial 
morphology of microorganisms from clinical samples 
[11], [12]. However, comparative in situ studies of 
biofilm attached to the orthopaedic surfaces and 
microbial cultures are rare.  

We hypothesised that etiologic agents of PJI 
which remain undetected using standard microbial 
culture methods could be identified using scanning 
electron microscopy approach. 

 

 

Case Presentation 

 

Clinical case: patient D., 44 years old woman, 
presented with acute postsurgical periprosthetic joint 
infection (April 2018). 

Medical history: In January 2018, the patient 
underwent cementless total joint arthroplasty of the 
right hip. The postoperative period has been 
complicated by a fever of 38°C and purulent drainage 
of the surgical site. A month later, modular prosthetic 
components were revised and debrided with 
subsequent replacement. Following the replacement 
surgery, the patient has developed a fistula. 

Past medical history revealed that the patient 
had chronic systemic lupus erythematosus, chronic 
bronchitis, and chronic gastritis in a remission period, 
genetic thrombophilia and stage 2 hypertonic disease. 

The patient presented with the right hip fistula, 
right hip pain and activity limitations. In the 
perioperative period we suggested periprosthetic 
infection based on x-ray findings (Figure 1A, B and C) 
and cytological and microbiological analysis of the 
synovial fluid. During the surgery, total removal of 
prosthetic components followed by the debridement, 
articulating spacer installation and replacement of the 
right hip prosthesis with the x-ray control (Figure 1D). 

Intraoperative samples of periarticular tissues, 
bone fragments of the prosthetic base and prosthetic 
components were obtained for histological and 
microbiological analyses. 

Tissue samples were homogenised and 
synovial fluid samples were pelleted before 
inoculation. Blood agar containing 5% defibrinated 
blood, Baird-Parker egg yolk tellurite medium, Levine 
eosin methylene blue agar, Sabouraud agar and 
Columbia agar were used for microbiological cultures. 

Inoculated agar plates were incubated at 37⁰ C for 24-
48 h. Fungal cultures were incubated at 30⁰ C for 120 
h. “Anaerogas” gas generating pack sets and 72-120 
h incubation at 3⁰ C were used for anaerobic culture 
growth. The morphological observation was 
performed using ordinary staining (Gram) method. 

Fragments of the periprosthetic membrane 
(n=3) and trabecular bone samples (n=3) of 
periprosthetic host bone were preserved at least 48 h 
in 4% formalin. Bone samples were decalcified in 
Richman-Gelfand-Hill solution after fixation. Then 
samples were dehydrated and embedded in paraffin 
for microtome sectioning. Slides with tissue sections 
of 5-7 mcm were stained with hematoxylin and eosin. 
The visualisation was performed using AxioScope.A1 
stereomicroscope. For imaging, we used AxioCam 
ICc 5 and Zen blue («Carl Zeiss MicroImaging 
GmbH», Germany) software. For each sample, at 
least 10 images were obtained. 

Metallic endoprosthetic femoral component 
and periprosthetic tissue samples for scanning 
electron microscopy was performed using standard 
patented procedures with authors’ modifications [11], 
[13] After platinum deposition in an IB-6 vacuum ion 
sprayer (Eiko, Japan), the surface of the implant 
component was examined with Zeiss EVO MA 18 
scanning electron microscope (Carl Zeiss Group, 
Germany). The limitation was the height of the area in 
the study region of no more than 145 mm, which was 
due to the design limitations. 

 

Figure 1: Radiographs of the pelvis: A) AP view before the revision 
operation; B, C) Fistulograph of the right hip joint before surgery; D) 
AP view after the intervention 

 

Perioperative culture tests of the punctured 
material did not reveal bacterial growth. Leucocytosis 
in the joint fluid was 12.9 cells per microliter, and the 
rate of neutrophils was 67%. 

Microbiological study of intraoperative 
samples revealed a small number of Staphylococcus 
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saprophyticus cells (< 10
3
 CFU/ml) in one sample 

(synovial joint fluid). No bacterial growth has been 
found after the cultivation of remaining samples. Tests 
for both fungi and anaerobic bacteria were negative. 

Histological analysis of the fragments of 
periprosthetic membranes was conducted according 
to the consensus classification of Krenn and Morawitz 
[14] and revealed some features of conformity to type 
I, caused by wear particles. In a reactively modified 
loose fibrous connective tissue with a high density of 
fibroblast-like cellular elements (Figure 2A), foreign 
microparticles of an optically transparent material 
were detected surrounded by giant cells of foreign 
bodies. In such areas, cell density was reduced; 
erythrocyte diapedesis and infiltration with monocytes 
and lymphocytes were noted (Figure 2B). 
Polymorphonuclear leukocytes were not detected in 
any of the visual fields. 

 

Figure 2: Reactive changes in the periprosthetic membrane: A) high 
cell density; B) diapedesis, clusters of giant multinuclear cells; C) 
osteoclastic resorption; D) osteoblastic remodelling of trabeculae in 
the spongy bone of the periprosthetic bed. Paraffin sections. 
Stained with hematoxylin and eosin. Magnification: 10 (lens), 40 
(eyepiece). Scale bar = 50 microns 

 

Histological study of spongy bone substance 
fragments revealed signs of remodelling, consisting of 
moderate osteoclastic (Figure 2C) and osteoblastic 
(Figure 2D) activity on the surface of bone trabeculae. 
The intertrabecular spaces contained fatty bone 
marrow with scattered foci of hematopoiesis; 
hyperemia and oedema were observed only on the 
border with the implant. 

Scanning microscopy detected clusters of 
nanoscale globular bodies in the periprosthetic 
connective tissue (possibly immune complexes) 
(Figure 3A, and B) and perivascular accumulations of 
lymphoid cells (Figure 3D), characteristic of systemic 
lupus erythematosus. 

The flat metal surface of the femoral 
component, free from adherent spongy bone 

substance fragments (Figure 4A), was covered with a 
biofilm shaped as amorphous layers (Figure 4B). 

 

Figure 3: Morphological manifestations of systemic lupus 
erythematosus in the periprosthetic connective tissue: A, B and C) 
Deposits of nano-sized globular bodies; D) Perivascular 
accumulations of lymphoid cells; Electronic scans. Magnification × 
22,000 (A), × 50,000 (B), × 35,000 (C), × 5,900 (D) 

 

Microbial cells with different morphological 
characteristics were detected on its surface. 
Microorganisms with a length of 3 to 6 microns and a 
thickness of 1.5 to 3 microns had pear-like or bottle-
like elongated shapes (Figure 4C, and D). The wide 
base of the cells was rounded; at the narrow end of 
each of them, there was a ring-shaped structure that 
resembled a “bottleneck”. The relief of the cell surface 
was uneven, poorly folded. Cells that were oriented in 
various directions were attached to a membranous 
substance on the component surface.  

 

Figure 4: Areas of the metal implant surface with adhered 
fragments of spongy bone substance of the periprosthetic bed (a) 
and amorphous filmy substance (b). Biofilm on the surface of the 
metal implant: large bottle-shaped microorganisms with a 
characteristic "neck" and small rod-shaped microorganisms 
adhered on a membranous substrate (c), and a fragment of a 
structured biofilm (d). Electronic scans. Magnification × 450 (a) × 
900 (b) × 9590 (c) × 23,000 (d) 
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Microorganisms were located in groups of up 
to 10 or more cells. Rod-shaped and transversely 
dividing bacteria with a diameter of 0.5 μm and a 
length of 0.7 to 1 μm had a smooth surface. They 
formed clusters containing two or more cells that 
adhered nearby or on the surface of large cells 
(Figure 4 C, and D). 

 

 

Discussion 

 

At present, there has been an increase in the 
incidence of biofilm-related infections caused by 
saprotrophic or pathogenic fungi along with either 
Gram-positive or Gram-negative bacteria. The role of 
biofilm infections in orthopaedic surgery is 
tremendous due to the high virulence of biofilm-
forming microorganisms and the high possibility of 
biofilm formation on the surfaces of commonly used 
orthopaedic components [15]. 

Microbial biofilms can be described as 
structured, high-functional aggregations of microbial 
cells belonging to one or most commonly several 
species, encased into biofilm matrix and adhered to 
the surface. The eradication of multi-species biofilms 
associated with implant surfaces can be problematic 
as a result of poor antibiotic activity against biofilms. 
Metabolic, structural and functional ties between 
microorganisms in biofilm do not make allowances for 
the cultivation of clear cultures in laboratory 
conditions, leading to false negative test results [16]. 
To improve the analytical outcome, ordinary 
microbiology approaches can be enhanced with 
sophisticated methods for cultivation of each separate 
microorganism for each case. However, routine use of 
some techniques is not cost-effective. Thus, ordinary 
medical microbiology methods are not always 
effective in PJI diagnosis and should be supported by 
other methods.  

In this clinical case, repeated laboratory tests 
of diagnostic punctures and intraoperative samples 
did not reveal etiologic PJI agents despite clinically 
symptomatic acute inflammatory process. The single-
time finding of S. saprophyticus in 1 out of 8 
perioperative samples could not interpret S. 
saprophyticus as an etiological factor due to the low 
virulence of this bacteria. Taking into consideration 
the low number of S. saprophyticus cells in a synovial 
fluid sample, we believe that the contamination of one 
sample could occasionally occur.  

Scanning electron microscopy has proven its 
effectiveness in the visualization and identification of 
biofilm-forming microbes [15], [16], [17]. In this clinical 
case, scanning electron microscopy revealed 
microbial association adhered to the endoprosthesis 
surface. Based on morphology, the larger microbial 
component of the biofilm was identified as yeast and 

smaller – as rod-shaped bacteria [18], [19]. 

Uncommonly, patient anamnesis included 
systemic lupus erythematosus (SLE). 
Immunodeficiencies in patients with SLE compromise 
the immunity so that conditional pathogens (fungal, 
bacterial, viral) can contribute to the infection 
development [20], [21]. In this case, additional 
methods for microbial detection are needed. 

Therefore, in immunocompromised patients 
with periprosthetic infection, the utilization of scanning 
electron microscopy for accurate identification is 
advisable. Timely diagnostics is cost-effective and 
allows for justified, unbiased therapy decisions. The 
patient voluntarily signed informed consent to a 
surgical procedure and participation in the study. 

Level of evidence: III (limitations due to the 
lack of patients, single case report) 
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