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ABSTRACT
Objective: To develop an effective antimicrobial strategy for the management of chronic osteomyelitis.
Study Design: Observational study.
Place and Duration of the Study: Departments of Microbiology and Orthopaedics, Combined Military Hospital Malir, Karachi, Pakistan, from
January 2021 to February 2022.
Methodology: Bone biopsies of 45 enrolled participants were taken for microbiological evaluation. Intravenous antibiotic therapy was begun as
per empirical therapy based on the local antibiogram and antibiotic policy. Once the susceptibility pattern was available, targeted therapy
started and continued for 28 to 42 days. Patients were evaluated based on inflammatory markers and clinical conditions for a minimum of six
months to a maximum of one year.
Results: Out of the 45 patients, the majority 29% were soldiers, 40% belonging to the age group of 31-60 years. The common predisposing
factor was trauma/fractures followed by diabetes and implants leading to chronic sinus discharge and decubitus ulcers. The most commonly
isolated organism was Staphylococcus aureus (38%) followed by Methicillin-resistant Staphylococcus aureus (MRSA) (31%). Cotrimoxazole and
Rifampicin turned out to be good treatment options. Only 4.4% showed unsatisfactory prognosis, nonetheless, no mortality was observed during
the course of treatment.
Conclusion:  In  this  study,  highly  resistant  strains  were observed with  limited treatment  options  for  chronic  osteomyelitis,  however,  effective
stewardship programmes with accurate diagnostic reporting and judicious use of antimicrobials can prevent overuse of the valuable resources.

Key Words: Antimicrobial stewardship, Osteomyelitis, Methicillin-resistant Staphylococcus aureus, Empirical therapy, Antimicrobial resistance.

How to cite this article: Ahmed A, Mushtaq A, Mirza IA, Sana F, Naqvi SRA. Management of Chronic Osteomyelitis and Antibiotic
Stewardship; An Effort to Delay the Post-Antibiotic Era. J Coll Physicians Surg Pak 2024; 34(04):474-479.

INTRODUCTION
Osteomyelitis (OM), a term used for bone infection, is as old as civil-
isation and continues to be a major issue in the present era of
medicine owing to its high morbidity and serious consequences.1,2

A relapsing and persistent infection characterised by low-grade
inflammation that progresses over months to years is known as
chronic  osteomyelitis  (COM).3,4  Chronic  osteomyelitis  is  much
more common in underdeveloped countries, due to poor health-
care facilities and limited resources.5 To arrest COM, most experts
consider it essential to provide adequate drainage and intrave-
nous antibiotic treatment for at least 4 to 6 weeks.2,4 Proper selec-
tion of therapy should always be made on the basis of correct iden-
tification  of  the  causative  organism(s)  and  knowledge  of  the
susceptibility of bacteria to antibiotics.5
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It has been observed that long-lasting disease and severe disa-
bility are frequently seen in patients with poor nutritional status
and  inadequate  healthcare  provision.

6,7  Bone  biopsy  and  its
culture is gold standard for the diagnosis of OM in order to ascer-
tain the causative organism,4,7 the foundation of effective manage-
ment of OM is based on prompt diagnosis and aggressive treat-
ment with thorough debridement and culture-directed antibiotic
therapy.8,9 In 50 to 70% of OM cases, the most commonly isolated
organism is Staphylococcus aureus (S.aureus). The rate of Methi-
cillin-Resistant Staphylococcus aureus (MRSA) causing OM varies
from 10 to 59% in different studies. Patients with history of recur-
rent debridement are frequently found to have Gram-negative
and polymicrobial infections.10

Treatment for complicated Osteomyelitis typically invol-ves a
short  course  of  intravenous  antibiotics,  followed  by  a  longer
course of oral antibiotics. To achieve optimal results, antibiotics
should be chosen according to local antibiotic sensitivity data
(antibiogram).11,12 Research in this area can help guide clinicians
in selecting appropriate antibiotic regimens and improve treat-
ment outcomes. The objective of this study was to optimise
the treatment strategy by evaluating different antimicrobial
options for chronic osteomyelitis.
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METHODOLOGY

This  study  was  conducted  in  the  Microbiology  and  Ortho-
paedics  departments  of  Combined  Military  Hospital  Malir,
Karachi, Pakistan, from January 2021 to February 2022 after
obtaining approval from the institutional research and ethical
committee  (file  no:  24/2022/Trg/Ere).  Hospitalised  patients
with a diagnosis of osteomyelitis based on clinical, radiological
and/or microbiological methods, irrespective of their gender
and socio-economic conditions, were screened for COM at the
hospital. COM was defined as a bone and bone marrow infection
that became worse or progressed and had not improved either
clinically or microbiologically, even after one month of manage-
ment. Patients who had given informed consent and were of
age more than 13 years fulfilling the predefined criteria of COM
were included in this study. Patients less than 13 years, not
meeting the criteria of COM or refused to give informed consent
and those who did not remain in follow-up for up to 1 year were
excluded.  The studied populace was assigned as  specimen
collection at least 48 hours after the stoppage of all antibiotic
therapy,  and  bone  biopsies  (bone  marrow,  sequestra  and
cortical bone) collected surgically from the infected site for
microbiological evaluation were only accepted, whereas the
debrided tissues were rejected. Orthopaedic need was asked to
specify further regarding the surgical entree to the infected
bone, whether it was made through unbroken skin or breached
skin area. Two specimens from the same site were collected,
one in a brain heart infusion bottle (BHI) for aerobic culture and
the second in Robertson cooked meat medium (RCM) for anaer-
obic culture. The specimens were transported, processed, and
inoculated on different media as per routine and standard labo-
ratory techniques, including special stains for bacteria, fungi,
and mycobacteria for microscopic identification.

The phenotypic identifications based on biochemical reactions
for gram-negative organisms were done by using either an
analytical profile index (API 10 S, bio Merieux) or an automated
system (VITEK2; bioMerieux) for both Gram-positive and Gram-
negative isolates, and for anaerobes (Rapid ID32A, bioMerieux)
as per standard protocols. Additional tests like the Coagulase
test  were  performed  and  DNase  plates  were  inoculated  to
further differentiate Staphylococcus aureus  from Coagulase
Negative  Staphylococci.  Modified Kirby  Bauer  disc  diffusion
method was used for susceptibility profile and in certain cases,
minimum inhibitory concentrations (MICs) were checked by
using an automated VITEK 2 system as per the Clinical and Labo-
ratory Standards Institute (CLSI) guidelines 2021.13 Cefoxitin
disc (FOX 30µg) was tested in Gram-positive isolates as a surro-
gate marker  for  Methicillin-resistant  Staphylococcus aureus
(MRSA) which means those isolates were intrinsically resistant
to all available beta-lactam drugs including their combination
antibiotics except 5th generation Cephalosporins which have
Anti-MRSA  activity.  Intravenous  (IV)  antibiotic  therapy  was
begun as per empirical therapy based on the local antibiotic
policy, already defined before the start of the study (Table I).

Once the susceptibility pattern of the bone-infecting organisms
was established, targeted therapy started and continued for 28
to 42 days (Table I). To evaluate the success of therapy, avail-
able patients were observed by the researchers at the outpa-
tient unit for a minimum of 6 months and up to a year.

Patient data were entered in the Microsoft Excel sheet 2013 by
using  the  non-probability  consecutive  sampling  technique.
This  included  the  age,  gender,  occupation,  hospitalisation
time, bone involved, mechanism of bone infection, the clinical
condition of the skin incised by the surgeon to take the bone
specimen, any comorbidities, inflammatory marker, c-reactive
protein (CRP) to assess prognosis, microbiologic identification
and susceptibility pattern of organisms grown aerobically and
anaerobically,  empirical  and  definitive  therapy  and  its
response. This data was then analysed by Statistical Package
for  the  Social  Sciences  (SPSS)  version  25.  Frequency  and
percentages  were  calculated  both  for  qualitative  (such  as
demographic and clinical details etc.) and quantitative vari-
ables (such as age).

RESULTS

A total of 45 confirmed cases of COM based on their clinical, radi-
ological, and positive bone culture results were admitted to the
hospital for further management. Out of these 45 patients, 24
(53%) were males and 21 (47%) were females, reflecting male
predominance  belonging  to  the  age  group  31-60  years,  18
(40%) with mean age 46±19 years. Fifteen (33%) patients were
in 61-80 years age group while 12 (27%) were in 14-30 age
group.

The majority of the patients 16 (35.5%) were serving soldiers
followed by 10 (22%) housewives,  retired soldiers 7 (16%),
students 6 (13%), and farmers 6 (13%). Most of the patients
almost  17  (37.8%)  were  already  known  cases  of  COM  and
presented with acute exacerbation either due to prolonged
usage of steroids or other associated comorbidities, such as
diabetes  mellitus,  rheumatoid  arthritis,  implant,  and  trau-
ma/fractures. However, 28 (62.2%) had no comorbid condi-
tions.

Unhealed, infected wounds with sinus formation and chronic
discharge 12 (27%) from the site of old fractures or recent un-u-
nited right femur 19 (42%)/or left tibia 16 (36%) fractures were
predominately found. Fistula formation 8 (18%) or sinus forma-
tion was also observed in the case of total knee replacement
(TKR), out of which 4 (9%) had prosthesis or implant infection.

The majority of the patients responded well to the treatment
with 95.5% recovering fully after 8 weeks of treatment except
for two patients, with TKR showed treatment failure and were
treated for an extended period, one case was due to candida
which was treated till 6 months for complete remission and
other was an elderly patient infected with MRSA who got treat-
ment for another 4 weeks. Both of these patients had a knee
replacement history.
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Table I: Management plan of 45 patients hospitalised with COM.

Isolated Organisms Empirical therapy Targeted therapy after culture report
Gram-Positive Organisms I/V Co-amoxiclav (8 hourly) + Amikacin

(12 hourly)
I/V Vancomycin X 02 weeks in case of MRSA otherwise continued
with Inj Co-amoxiclav than de-escalated to 
Oral Cotrimoxazole + Rifampicin (06 weeks)

Gram-Negative Organisms I/V Meropenem (8 hourly) + Linezolid
(12 hourly)

I/V Meropenem X 02 weeks in case of XDR isolates otherwise
continued with the same regimen and than de-escalated to 
Oral Cotrimoxazole + Minocycline (06 weeks)

Anaerobe I/V Meropenem (8 hourly) + Linezolid
(12 hourly)

I/V Meropenem x 02weeks
Oral Co-moxiclav + metronidazole (06weeks)

Candida albicans I/V Augmentin (8 hourly) + Amikacin
(12 hourly)

I/V Fluconazole X 02 weeks
Oral Fluconazole x 06months

Table II: Antimicrobial resistance pattern of isolated organisms from bone culture.

Antibiotics/
Antifungals

Gram Positive Organisms (31) Gram Negative Organisms (11) Fungi (2)
Staphylococcus aureus (17) MRSA (14) Serratia marcescens (9) Proteus mirabilis (2) Candida

albicans (2)
Ampicillin 100% 100% IR* 100% Not tested
Augmentin* 0% 100% IR 100%
Amikacin Not reported Not reported 45% 47%
Cloxacillin* 0% 100% IR NT
Clindamycin 22% 25% NT NT
Ceftriaxone* NT* NT 96% 98%
Ciprofloxacin 71.4% 88% 91% 0%
Co-trimoxazole 3% 6% 0% 3%
Doxicycline 2% 5.8% 9% IR
Fluconazole NT NT NT NT 0%
Levofloxacin 70.6% 86% 89% 0% Not tested
Linezolid 0% 0% NT NT
Minocycline 0% 2% 0% IR
Imipenem NT NT 0% 0%
Meropenem NT NT 0% 0%
Penicillin 100% 100% NT NT
Piperacillin-tazobactum NT NT 95% 97%
Polymyxin NT NT IR IR
Rifampicin 0% 0% NT NT
Vancomycin 0% 0% NT NT  

Initially, after taking bone culture by bone biopsy specimen,
patients were placed on pre-defined empirical therapy based
on the latest formulated antibiogram from the orthopaedic
department according to which Amikacin plus Co-amoxiclav
was  suggested as  empirical  therapy but  after  the  culture
reports the targeted therapy was started as per culture and
sensitivity results and further antibiotics were escalated as
the clinical condition of the patient as shown in Table II. In the
studied  populace,  the  most  commonly  isolated  organisms
include 31 (69%) gram-positive cocci with 17 (38%) Staphylo-
coccus aureus, 14 (31%) Methicillin-resistant Staphylococcus
aureus  followed  by  11  (24%)  gram-negative  organisms
including 9 (20%) Serratia marcescens and 2 (4%) Proteus
mirabilis.  In  1 (2%) case,  initially  no growth had seen on
routine conventional media but when the author dealt with it
again and applied it as anaerobic culture then appreciated
the growth of an anaerobe which was gram-positive cocci on
gram stain,  further  identification  was  not  carried  out  due  to
lack of availability of anaerobic identification test. Two cases
2  (4%)  of  invasive  yeast  infections  were  also  identified,  one
with history of prosthesis implant and the other of the chronic
discharging  sinus  in  which  isolated  yeast  was  identified  as
Candida albicans as mentioned in Figure 1. All the gram-posi-

tive  cocci  were  found  100%  susceptible  to  linezolid,
vancomycin, and rifampicin, keeping in  view this  suscepti-
bility pattern the authors treated MRSA-positive cases with
intravenous vancomycin 12 hourly for 2 weeks followed by
oral drugs Cotrimoxazole and Rifampicin for 6 weeks. De-esca-
lation of drugs based on patient response monitored with CRP
as  mentioned  in  Figure  1.  In  Gram-negative  isolates,
Carbapenems, Doxycycline and Minocycline were susceptible
in most of the cases. For patients in which isolated organisms
were Gram-negative rods, Meropenem was given 08 hourly
for 2 weeks followed by oral cotrimoxazole and Minocycline
for 04 weeks. Gram-positive and Gram-negative isolates were
found susceptible to Cotrimoxazole with 100% susceptibility.
Anaerobic bone infection was treated with I/V Meropenem x 8
hourly for 02 weeks followed by Clindamycin and Metronida-
zole  orally  for  6  weeks.  Patients  infected  with  Candida
albicans were placed on I/V Fluconazole for 2 weeks followed
by oral  Fluconazole  for  6  months (Table  I).  Patients  were
followed for a period of 1 year and their monitoring was done
based on the falling pattern of CRP to normal after 12 months
with the improved clinical status of the patient (Figure 1).
Complete remission was noted in 43 (96%) patients while 2
(4%) patients showed poor prognosis.
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Figure 1: Decline pattern of C-reactive protein (CRP) over 12 months
period.

DISCUSSION

COM  is  difficult  to  treat  bone  infection,  despite  advance-
ments  in  modern  operative  techniques  the  associated
morbidity  is  very  high  probably  due  to  difficulty  in  eradi-
cating the infection.13,14 OM is a condition that commonly
affects  elderly  patients,  typically  as  a  result  of  an  infection
spreading from nearby infected soft tissue or joints, this is
often observed in cases of diabetic foot wounds and chronic
soft  tissue  infections.  This  finding  is  consistent  with  the
results  of  this  study,  where  we  examined  a  specific  elderly
population  was  examined.  In  this  analysis,  33%  of  the
elderly participants had a history of diabetic foot infection,
further  supporting  the  previously  reported  connection
between OM and these types of infections in older indivi-
duals.15

Cases of COM that occur after trauma or post-surgical proce-
dures  are  classified  as  non-hematogenous  osteomyelitis.
This type of osteomyelitis is more commonly observed in
younger individuals.16 In this study, a marker proportion of
adults (60.7%) with COM had a history of trauma and non-u-
nited unhealed fractures.  This suggests that the develop-
ment of COM in these cases may be directly linked to the
traumatic event or surgical procedure. The presence of non-
united unhealed fractures indicates that the bone healing
process was interrupted or compromised in some way. This
can create an environment that is more susceptible to infec-
t ion,  potential ly  leading  to  the  development  of
osteomyelitis.14,15 Overall, this study supports the association
between  trauma,  non-united  unhealed  fractures,  and  the
development of non-hematogenous osteomyelitis in adults.

In cases of non-hematogenous OM, the infection is typically
caused by a  single  organism,  although there have been
reports of polymicrobial cases as well.17 In this study, almost
all cases of OM were associated with the isolation of a single
organism. According to the available literature,  the most

common pathogen associated with OM is Staphylococcus
aureus.  In  fact,  one  study  reported  a  prevalence  of  S.
aureus  of  approximately  52%,  with  18% of  those  cases
being MRSA; in the present study, the majority of OM cases
were  caused  by  gram-positive  bacteria,  particularly  S.
aureus. It is worth noting that a marked proportion (31%) of
these  cases  were  attributed  to  MRSA  findings  consistent
with other studies.6,10 One possible explanation for this high
incidence of MRSA is the prolonged use of antibiotics due to
a history of non-healing ulcers, which can lead to the emer-
gence of antibiotic-resistant strains, as already mentioned
by different authors in literature.7

Bone  infections  are  commonly  treated  with  a  prolonged
course of antibiotics, typically lasting at least 6-8 weeks.
However,  this  approach can result  in  selective  pressure,
killing susceptible bacteria while allowing antibiotic-resistant
bacteria to survive and multiply, ultimately leading to treat-
ment failure.18,19  To address this issue of bacterial  persis-
tence and treatment failure, the implementation of antimi-
crobial stewardship programs is necessary to ensure appro-
priate and judicious use of antibiotics.20

This study aimed to introduce antibiotic strategies that were
previously mentioned in the literature, specifically targeting
patients who had already undergone multiple courses of
antibiotics.  The  authors  employed  a  pre-defined  empirical
therapy based on the most recent antibiogram, followed by
culture-based  specific  treatment  with  a  de-escalation
strategy based on the patient's clinical condition. Through
the judicious use of antibiotics, the majority of the patients
exhibited  a  positive  response,  with  a  recovery  rate  of
95.5%,  highlighting  the  significance  of  antibiotic  steward-
ship. The use of empirical therapy, guided by the hospital
antibiogram, also helped rationalise the use of antibiotics
and reduced the emergence of resistant strains. Numerous
recent studies have placed extensive emphasis on formu-
lating antibiograms and implementing empirical therapy as
part of antibiotic stewardship in healthcare settings.11,20 This
approach  has  gained  considerable  relevance  and  accep-
tance in the field of medicine, as it can significantly diminish
the  emergence  of  drug  resistance  while  simultaneously
improving clinical outcomes.

In this study, the authors implemented the use of non-con-
ventional  drugs  such as  doxycycline,  Cotrimoxazole,  and
Rifampicin as oral options for treating cases of COM. These
antibiotics have already been shown to produce excellent
results and have been mentioned in the literature as effec-
tive treatments for chronic osteomyelitis.9  The majority of
the present cases showed a good response when treated
with a combination of surgical intervention and antibiotic
therapy, which was monitored through the use of inflamma-
tory markers and clinical  assessments.  The use of  these
non-conventional  medicines not  only led to good patient
compliance but also contributed to a decrease in hospital
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stay.  It  is  worth  noting  that  these  findings  are  consistent
with  existing  literature  that  supports  the  efficacy  of  these
drugs in the treatment of chronic osteomyelitis.15

However, a small percentage (4.4%) of the patients failed to
respond even after receiving multiple courses of antibiotics
and surgical debridement. This outcome aligns with findings
from  other  studies  that  suggest  a  success  rate  for
osteomyelitis ranging from 60 to 90%.17

The main limitation of this study was the small sample size
and  observational  type  of  study  as  there  should  be  a
randomised controlled trial to compare the groups to look
for better efficacy of antimicrobials. 

CONCLUSION

COM is  a complex clinical  entity which is  difficult  to manage
because of the increasing prevalence of resistant strains seen
in this study. Antimicrobial resistance represents a daunting
challenge with limited treatment options, however, this can
be  overcome  by  effective  stewardship  programs  with  accu-
rate diagnostic reporting and judicious use of antimicrobials.
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