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            Abstract

            
               
Chronic osteomyelitis is multifactorial in its occurrence, type, severity and prognosis. Presentation of chronic osteomyelitis
                  may be varied even very unlike of its prototype. Cases of osteomyelitis were encountered caused by Nocardia brasiliensis,
                  Actinomyces spp., Aspergillus flavus, Staphylococcus aureus, Morganella morganii with unusual presentations. The organisms
                  except Staphylococcus aureus were among the seldomly reported ones. Two of the cases were found to be biofilm associated as
                  studied by biofilm detection throughatomic force microscopy and methods of Anderl et al and Stepanovic et al. Only one case,c
                  aused by biofilm producer strain of No cardia brasiliensis, required surgical correction with amputation. Rest four cases
                  were recovered with antimicrobial therapy. Strong degree of suspicion of biofilm development and involvement of unusual etiological
                  agents were required to diagnose and treat the cases of chronicity. It could put aside the drastic decisions like amputation
                  which might be associated with immense eco-socio-psychological impact onthe patients and their families.
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               Introduction

            Chronic osteomyelitis is an inflammatory event affecting bone causing destruction of osseus tissue and formation of sequestrum.
               It may present with periods of waxing and waning of variable duration. Its occurrence, type, severity and prognosis depend
               on several factors. Positive microbiological culture from the relevant specimen remains the gold standard in diagnosis of
               this entity. The most widely-used classification system of chronic osteomyelitis in adults is the Cierny–Mader classification.1 The types are medullary osteomyelitis, superficial osteomyelitis, localized osteomyelitis and diffuse osteomyelitis. Systemic
               factors responsible for osteomyelitis are Malnutrition, Renal or hepatic failure, Diabetes mellitus, Chronic hypoxia, Immune
               disease, Immunosuppression, Immune deficiency, Alcohol abuse, Malignancy. 2 Some local factors are also responsible for chronic osteomyelitis, e.g. chronic lymphoedema, venous stasis, major vessel
               compromise, arteritis etc.2 Infectious agents may find a portal of entry into the bone by following mechanisms: an open injury to the bone, a minor trauma,
               which can lead to a blood clot around the bone and then a secondary infection from seeding of bacteria, bacteremia deposits
               bacteria in a focal area of the bone and gives rise to hematogenous osteomyelitis. This predominately occurs in pediatric
               population. 3, 4 In adults, it typically occurs from a distal site of infection. The commonest primary sites of infection are distant areas
               like the urinary tract, intravenous catheters, heart tissues etc. Osteomyelitis when gets disseminated via bloodstream in
               adults, mostly affects vertebrae. 3 The causative pathogens vary according patient-related parameters such as age, immune status, history of trauma and geographical
               location. 5 Generally, hematogenous osteomyelitis is caused by one infectious agent only, while contiguous-focus osteomyelitis is frequently
               polymicrobial. 6 Adult chronic osteomyelitis is most commonly caused by far Staphylococcus aureus. 7 Methicillin-resistant S. aureus (MRSA) has also been increasingly isolated from chronic osteomyelitis lesions. 8 Other causative pathogens include Staphylococcus epidermidis, Pseudomonas aeruginosa, Serratia marcescens and Escherichia
               coli. 9 Mycobacterial and fungal infections are generally uncommon and are often associated with immunodeficiency. However, the present
               study group, during the period of January 2021 to December 2021, encountered five cases of chronic osteomyelitis caused by
               either very uncommon and unusual pathogen in unusual sites or with uncommon presentation like biofilm formation or with all
               three taken place altogether. The case series also mentions the treatment and fate of the cases as well.
            

            In all five cases in this story, the specimens like bone sequestrum, sinus discharge, scrapping collected from the suspected
               lesions were sent to the department of Microbiology as part of daily routine works. Cases were traced including reports of
               other specialties on retrospective basis. The study was conducted with the due approval of institutional ethics committee.
               Processing of the specimens was done following the methodology of standard text book. 10 Scrapings were rinsed thrice with sterile PBS to remove any non-adherent organisms. This was followed by inoculation of the
               specimens onto various culture media like 5% Sheep blood agar (SBA) and Lowenstein Jensen media. Any growth in these media
               was further processed accordingly by conventional and automated identification systems like VITEK-2 compact whenever needed.
               Relevant history and other clinical findings, clinical parameters like blood profile, radiological findings were collected
               from the orthopedics department of the institute for the purpose of corroboration. Biopsy samples from the lesions, were grossed
               according to the protocol; and formalin fixed paraffin embedded sections were prepared. Sections were stained with Hematoxylin
               and Eosin and special stains for fungus like Gomori’s Methenamine Silver (GMS) wherever required. Referral to other specialties
               for relevant information were suggested to the clinicians.
            

         

         
               Case 1

            A55-year-old gentleman, bus conductor by occupation, attended the orthopedics Out Patient Department with pain and tenderness
               in the left foot for six months. On examination, there were multiple discharging sinuses on the medial aspect of left foot.
               Local temperature was not raised. History revealed that he had a history of Type 2 diabetes mellitus for last 15 years. But
               the blood glucose level had not been monitored for last two years. Roentgenogram revealed sequestrum formation with a thick
               involucrum surrounding it. Gram’s and ZN staining of the discharge material and the tissue biopsy specimen revealed occasional
               Gram-positive branching filamentous structures and pus cells. (Figure  2 a,b). Microbiological culture of the discharge from the site and the biopsy specimen were put up in SDA, Nutrient agar, 5%
               SBA and LJ medium. One set of nutrient agar and 5% SBA was also placed for anaerobic incubation in Gas pack system. Dry, wrinkled,
               colonies grew in Lowenstein Jensen (LJ) media after 10 days of aerobic incubation (Figure  1) with no growth in the anaerobic set. Staining from the colonies showed acid-fast long filamentous bacteria in ZN staining
               with 1 % sulphuric acid used as decolorizer and Gram-positive filamentous branching bacteria in Gram staining respectively.
               This was suggestive of Nocardia spp. Species identification was done by conventional biochemical methods including the tests
               of growth at 420C after 3 days (-ve), gelatin hydrolysis (+ve), acid from rhamnose(-ve), hydrolysis of casein(+ve), urea hydrolysis(+ve) and
               diagnostic AST by Kirby-Bauer disc diffusion method showing susceptibility to gentamicin, tobramycin and amikacin and resistance
               to erythromycin, respectively. As per the results the species was inferred to be Nocardia brasiliensis. 11 
            

            Histopathological examination of the affected tissue revealed necrotic bone with infiltration of polymorphs and lymphocytes
               and micro-abscess formation. Fite’s stain revealed presence of acid-fast bacilli (Figure  2 a). The chronicity and the history of refractoriness of treatment with co-trimoxazole, amikacin and imipenem raised the suspicion
               of probable involvement of biofilm formation in this case. 
            

            
                  Study of biofilm

               It is done by polycarbonate membrane method as devised by Anderl et al. for Nocardia spp. 12 Ten drops of bacterial suspension of Nocardia spp. obtained from the patient grown in BHI broth adjusted to 106CFU /mL was used to seed black polycarbonate membrane filters (25 mm diameter; pore size 0.22 μM, Millipore, Germany) placed
                  on Brain heart Infusion (BHI agar) agar plates. The plates were inverted and incubated at 37°C for 48 hours only. The membrane-supported
                  biofilms were then transferred to fresh culture medium in every 24 hoursly. After a total 14 days’ incubation, growths on
                  the membranes got washed with PBS (Phosphate buffer saline) having a pH of 7.2, by agitation at 180 rpm for 1 min to remove
                  the non-adherent cells. Atomic Force Microscopy was then done without further sample treatment in the tapping mode from an
                  outside centre. 13 We used the tapping mode as it was suitable for soft materials and analysis was performed with WSxM software. In result,
                  the growth of Nocardia brasiliensis showed colony biofilm formation on polycarbonate membrane which was demonstrated by atomic
                  force microscopy. (Figure  3). The patient ultimately had to undergo an amputation of his left foot.
               

            

         

         
               Case 2

            A 50-year-oldhousewife attended orthopedics OPD with pain and swelling of left leg below knee for last one month. She has
               undergone open reduction and internal fixation (ORIF) of both bone fracture of left leg three months back (Figure  5). Local examination revealed solitary sinus with purulent discharge containing-yellow-white grains. The grains were collected
               and crushed in between two slides followed Gram staining. On microscopy the stain revealed central filamentous Gram-positive
               mycelium encircled by a peripheral zone of swollen radiating club shaped structures mimicking sun-ray appearance (Figure  6). On ZN staining acid fast clubs were detected suggestive of infection by actinomycetes. Microbiological culture from the
               sequestrum (Figure  4) sent to the Dept. of microbiology was scooped out and crushed grains were put up in both aerobic and anaerobic conditions
               with 5-10% CO2 at 370C in 5% SBA and Brain Heart Infusion agar (BHI Agar) and in LJ medium.  The specimens were also inoculated in thioglycolate
               broth.  Growth appeared in 5% SBA in anaerobic incubation set with small smooth, flat, opaque colonies somehow resembling
               ‘molar tooth’ in appearance. In thioglycolate broth the growth appeared as small fluffy balls below the surface of the medium.
               LJ medium categorically didn’t grow anything when observed for first two weeks. It was followed up for eight weeks and found
               to be sterile. Biopsy from the specimen showed bacterial colonies comprising of basophilic radiating filaments on Hematoxylin-Eosin-stained
               sections, a finding consistent with actinomyces (Figure  7). Growth identification was done by colony morphology, gram staining, ZN staining, urea hydrolysis test, nitrate reduction
               test. Gram positive, nonacid-fast, non-sporing, branching, beaded, thin filamentous rods, urea hydrolysis test negative, ability
               to reduce nitrate to nitrite and fermentation test positive in glucose, maltose, sucrose, xylose, CAMP test negative, led
               towards the diagnosis of Actinomyces spp. 14 X-ray of left leg was suggestive of sequestrum formation (Figure  5). The patient received the treatment of intravenous PenicillinG6-hoursly for six weeks with curettage and debridement of
               tissue sloughs from the wound periodically. This was followed by prolonged oral amoxicillin-clavulanic acid therapy for eight
               weeks. She eventually made a complete recovery.
            

         

         
               Case 3 

            A 3-year-old girl was brought to Pediatric Medicine OPD with history of pain, tenderness in right leg and lower thigh and
               restriction of mobility of right knee joint. Patient was a known case of Acute Lymphoblastic Leukemia (ALL) on remission and
               continuation phase of chemotherapy. She also had recent history of fever and vomiting. Overlying skin of the affected region
               appeared red, shiny, edematous with rise in local temperature. On examination there is tumefaction and occasional discharge
               of purulent materials. There was no history of trauma, instrumentation or previous sore throat to point towards onset of acute
               rheumatic fever. Blood picture showed raised C-reactive protein and erythrocyte sedimentation rate. The discharge material
               was collected and looked for any grain in both wet mount and ZN staining; in vain, twice. Drainage of pus was done then and
               cultured in 5% SBA, Nutrient agar, LJ medium and SDA, both aerobically and anaerobically wherever feasible. Growth of gram-positive
               cocci was obtained (Figure  8a,b), which was later diagnosed to be Methicillin Resistant Staphylococcus aureus having susceptibility to vancomycin, teicoplanin,
               levofloxacin, ciprofloxacin, amikacin, gentamicin, tigecycline as detected conventional disk diffusion method and by using
               E-strip for vancomycin and cefoxitin (Figure  9). X-ray of right knee-joint and thigh revealed deep seated soft tissue swelling and demineralization of bone. However, she
               was diagnosed to be a case of hematogenous osteomyelitis borne of adjacent soft tissue cellulitis. The Patient was started
               on intravenous Vancomycin. She eventually made a full recovery from her osteomyelitis.
            

         

         
               Case 4

            A 22-year-old short statured female attended microbiology laboratory with history of non-healing chronic discharging sinus
               on both upper limbs at elbow region (Figure  10a,b). She was a follow up case of mixed connective tissue disorder for more than four years and received various types of
               immunosuppressive drugs including corticosteroids. Of importance, at the time of presentation, she was on Category I Anti-Tubercular
               Drugs (ATD) based on clinical suspicion only without any microbiological evidence. On examination there was pus coming out
               from the sites of protracted skin, immobilization and loss of function of both the elbow joints. There was no history of previous
               injury or any surgical intervention in the involved joints. Radiological investigation viz. MRI of left elbow showed erosion
               and collection suggesting septic arthritis.
            

            Microbiological investigation began with collection of pus from both the elbow sites. The pus was examined by direct Gram
               staining and ZN staining. It showed presence of Gram-positive branching septate hyphae (Figure  11). The sample pus was cultured on SDA medium, which reveled growth greenish yellow fluffy wooly colonies (Figure  12) which on lactophenol cotton blue (LPCB) teased wet mount showed features suggestive of Aspergillus flavus (Figure  13). Biopsy was done from affected site and H&E and GMS-stained sections showed necrotic bone, hemorrhage and clumps of septate
               fungal hyphae with branching at acute angle (Figure  14, Figure  15).
            

            ZN stain didn’t show any acid-fast bacilli and CB-NAAT was negative, virtually ruling out the suspicion of tuberculosis for
               which Category I ATD was started. The ATD was withdrawn as per the suggestions of microbiologists and the patient was admitted
               and started on intravenous Liposomal Amphotericin B. She eventually made a full recovery.
            

         

         
               Case 5

            A 45-year-old gentleman, traffic police by occupation attended general surgery OPD with discharging sinus associated with
               pain and tenderness in right foot for last one month. He had a history of bone injury consequent to a penetrating trauma in
               right foot received in a motorcycle accident around three months back. On examination, a large ulcer with blood mixed purulent
               discharge was visibly developed exposing part of the underlying bone. The affected area was swollen, erythematous, with raised
               local temperature. The bony exposure took place around two weeks back. The patient had a history of high spiking fever for
               last seven days. He was a known case of type II diabetes mellitus with poor glycemic control. Hematological study showed a
               total leucocyte count of 18,000/ mL with 75% neutrophil count and CRP raised to11.5. Conventional X-ray imaging showed obvious
               osteolytic lesions, periosteal thickening, blurring of soft tissue images suggestive of osteomyelitis.
            

            Discharge from ulcer cum discharging sinuses was sent for microbiological studies, which on Gram and ZN staining did not reveal
               any decisive picture per se. Bacteriological culture revealed pure colonies of a non-lactose fermenting organism. On further
               work up, it was found to be motile, gram negative bacilli which was catalase positive, oxidase negative, positive for phenylalanine
               deaminase, urea hydrolysis, indole production and citrate non-utilizer. The organism was diagnosed as Morganella morganii
               whose identity was further confirmed by VITEK-2 compact system. No atypical mycobacteria or fungus was grown. AST revealed
               susceptibility to imipenem and meropenem besides aminoglycosides. He was put on a combination of imipenem and gentamicin IV
               for 10 days following admission in hospital. Regular surgical dressing and physiotherapy was done but the discharge remained
               unresolved and a repeat microbiological culture revealed the same organism. The chronicity and that the organism was quite
               rare to cause osteomyelitis raised the suspicion of probable involvement of biofilm colonization in this case. The study group
               performed biofilm study in the isolated organism i.e. Morganella morganii by Stepanovic et. al method as described below.
               15

            
                  Study of biofilm

               It was done by 96 well tissue culture plate method of Stepanovic et al. 15 Bacterial growth was sub-cultured into BHI broth and incubated at 370C overnight. The density of bacterial suspension was adjusted to give an optical density of 0.5 at 600 nm. It was then diluted
                  in well of the microtiter plate [Figure  16] in 1: 100 ratio, i.e, 2 µL of culture suspension in 198µL of BHI broth to make a total of 200µL liquid. The control well
                  contained uninoculated sterile BHI broth. The microtiter plate was then subjected to incubation at 370 C in a shaker incubator at 220 rpm for 4 hours followed by discarding of the broth and rinsing of the plate with phosphate
                  buffer saline (PBS) and fixation of adhered cells with cold methanol fixation for 15 minutes. Again, the plate was washed
                  with PBS and then stained with crystal violet stain at room temperature. The stain was removed by washing with phosphate buffer
                  saline/ normal saline. The plate was then allowed to dry. 220 µL of decolorizing solution 70 % ethanol was added to each well
                  for 15 mins at room temperature to quantify the cells. The absorption of the eluted stain was measured at 500-600nm wavelength
                  filter and the result was as follows:
               

               OD of sample > 4 times OD of control; suggestive of strong biofilm producer as per Stepanovic classification of biofilm producer
                  organism. Hence, the causative agent of chronic agent of the chronic osteomyelitis was found to be a biofilm producer explaining
                  the refractoriness of the lesion per se. The patient underwent debridement of the lesions with radicle excision of diseased
                  section of bone under antibiotic coverage and eventually attained remission from the problem. The patient was in uneventful
                  follow up both clinically and microbiologically till recently.
               

               
                     
                     Figure 1

                     Lowenstein-Jensen media showing growth ofNocardia spp.

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image1.png]

               
                     
                     Figure 2

                     a,b: Shows weakly staining gram positive branching rods on grams stain & partially acid-fast beaded branching filaments on modified
                        ziehl-neelsons stain resembling nocardia spp. respectively. 
                     

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image2.png]

               
                     
                     Figure 3

                     Atomic force image of nocardia spp. biofilm

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image3.png]

               
                     
                     Figure 4

                     Showing sequestrum sent to our department.

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image4.png]

               
                     
                     Figure 5

                     Showing x-ray left lower limb showing sequestration

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image5.png]

               
                     
                     Figure 6

                     Showing direct gram stain gram positive filamentous bacteria.

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image6.png]

               
                     
                     Figure 7

                     Biopsy shows a sulphur granule composed of basophilic radiating filamentous bacteria. (400x, H&E)

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/8ef01824-3e91-4230-b51d-7568b6022f56image7.png]

               
                     
                     Figure 8

                     a,b: Showing growth of staphylococcus aureus on blood agar & macconkey agar respectively
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                     Figure 9

                     Kirby-bauer disc diffusion with e-strip & discs 
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                     Figure 10

                     a,b: Showing non-healing chronic discharging sinus of right and left elbow respectively.
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                     Figure 11

                     Gram -stained direct smear from the lesion showing hyphae with acute angled branching
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                     Figure 12

                     Showing typical yello wish-green powdery growth resembling aspergilus spp. on obverse side.
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                     Figure 13

                     Showing LPCB mount with hyaline septate hyphae, metulae covering three quarters of the surface of the vesicle. [400X]
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                     Figure 14

                     HP section showing broad septate hyphae with acute angle branching resembling aspergillus spp. [400X]
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                     Figure 15

                     Gomori methanamine silver stain showing aspergillus spp. On HP section [400X]
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                     Figure 16

                     Biofilm demonstration using Microtiter plate method.
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               Discussion

            Despite advances in surgical and medical management of osteomyelitis, it is still considered one of the most difficult to
               treat infectious diseases. Progressive destruction of the bone and the formation of sequestrum are characteristics of this
               disease. The detection of osteomyelitis is first done based on clinical pictures. Confirmation is usually done by radiologic,
               microbiological and pathological tests analyzed in combination. Complications begin mostly after 10 to 14 days from the onset.
               Sophisticated investigations include CT scan, MRI scan which are considered as standard of care in diagnosis of osteomyelitis.
               False positive results have been encountered in degenerative joint disease, bone tumors, and recent surgery. Actinomycetes
               and Nocardia spp. both are considered as rare etiologic agents of chronic osteomyelitis. De A. et al. reported chronic discharging
               sinus in a case of mycetoma caused by biofilm producer Nocardia spp. 16 Any osteomyelitis case caused by biofilm producer Nocardia spp. is yet to be reported from this geographical region. Vanegasa
               S. et al reported a case of femorotibial osteomyelitis associated with Nocardia brasiliensis, but without any biofilm study.
               17 Instead, they planned for long term antimicrobial therapy. We question the rationale of prolonged therapy in osteomyelitis
               without ascertaining the biofilm status of the causative pathogen. We found another report of spinal form of Nocardia brasiliensis
               osteomyelitis from India in immunosuppressed hosts 18. However, there was no association of biofilm in the case. Surgical intervention has to be done in the present case for the
               factor of biofilm. 
            

            Osteomyelitis caused by Actinomyces spp. is quite uncommon, that also in long bones. However, few cases of lower extremity
               actinomycotic osteomyelitis have been reported. But diagnostic confusion apparently prevailed in all those cases. Ryu DJ et
               al reported a case of long bone actinomycotic osteomyelitis in an immunocompetent woman with history of trauma. 19 All microbiological diagnostic modalities including polymerase chain reaction for Mycobacterium tuberculosis was negative
               as there was a diagnostic confusion. Unlike them, our case was quite free of diagnostic dilemma and came out positive in microbiological
               culture for Actinomyces spp. However, the exact species could not be fixed by biochemical reactions alone. Actinomyces israeli
               was the most probable bet of ours. As the treatment decision didn’t rest upon the species, we suggested intravenous Penicillin
               G.
            

            Osteomyelitis of a fungal etiology is seldom seen even in an immunocompromised host. Among such cases Candida spp. is the
               most common causative agent identified. Osteomyelitis caused by Aspergillus spp is even rarer, with an incidence of less than
               3%. Spine is the most common site involved, amounting to about half of such cases, with features often mimicking tuberculous
               osteomyelitis. Hematogenous infection arising from a pulmonary focus occurs mainly in immunosuppressed patients and is caused
               almost exclusively by Aspergillus fumigatus. 20 Gabrielli E. et al. reviewed 310 individual cases of osteomyelitis associated with Aspergillus spp.They found that the median
               age of patients was 43 years (range, 0–86 years), and 59% were males. Predisposing factors associated with were chronic granulomatous
               disease, hematological malignancy, diabetes mellitus, transplantation, steroid therapy. 21 Site predilection for osteomyelitis were spine followed by base of the skull, jaw, ribs, long bones, sternum. Most commonly
               effective antifungal drug was liposomal amphotericin B followed by voriconazole and itraconazole. As our patient went well
               and recovered with monotherapy of liposomal amphotericin B, the literature review found that 62% received combination of antifungal
               therapy and surgical intervention, 26% were treated with antifungal alone and 9% received only surgery. 22 The duration of antifungal treatment for fungal aspergillosis has not been established or streamlined. The IDSA guidelines
               recommend a minimum of 6–8 weeks of antifungal therapy in non-immunocompromised patients with Aspergillus osteomyelitis. 23 The recommended length of therapy in the IDSA guidelines for Candida osteomyelitis is 6–12 months. 24 Our patient received antifungal therapy for three months, successfully.
            

            Bone infection by Morganella morganii is seldomly encountered. However, a case of Morganella morganii associated osteomyelitis
               with biofilm development has been reported around six years back by De A et. al from the same institute the present workers
               belong to.16 
            

            There are only handful reported cases in available literature, of which the majority belongs to sporadic septic arthritis
               without bony involvement in diabetic patients. Immunosuppressed state, autoimmune disorder, long term steroid intake, drug
               abuse, local trauma and surgical interventions are predisposing factors for Morganella morganii infection. 25, 26, 27, 28, 29, 30, 31 Patients with one or more of the risk factors cause high mortality. Predisposing factors in our case was trauma. Biofilm
               colonization by the bacterial strain was an important pathogenic factor for chronicity. Altered environment, metabolism and
               suppressed growth rate of bacteria in biofilm Extra-polymeric substances (EPS) render the bacteria less susceptible to antibiotics
               in biofilm state in vivo in spite of susceptibility in vitro testing; and hence chronicity of the infection. 32 This discrepancy largely owes to the poor antimicrobial penetration through the biofilm matrix to hit the microorganisms.
               Biofilm is thought to be responsible for many non-responding bacterial infections such as cystic fibrosis, pneumonia, musculo-skeletal
               infections, necrotizing fasciitis, osteomyelitis, melioidosis, infectious kidney stones, bacterial endocarditis, airway infections,
               otitis media, chronic rhinosinusitis, biliary tract infections, chronic bacterial prostatitis and infections related to medical
               devices. 33 

         

         
               Conclusion

            The cases are rare and hence worth mentioning with regard to both the causative pathogens, presentations and biofilm production
               as well. Strong degree of suspicion from clinicians and laboratory physicians as well is key for success. In our present study
               we could not include molecular studies and sophisticated radiological investigation. Nevertheless, the diagnoses of these
               rare reports affirm the importance, potency and efficacy of conventional laboratory methods. The cases were eye openers in
               their own fields emphasizing the need of inquisitiveness and laboratory detailing to solve the unsolved mysteries. 
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