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Abstract

Background: Chronic osteomyelitis remains difficult to treat and has a high rate of relapse after apparently
succesful treatment. Cephalosporin has been greatly used for the antibiotic intervention for patient with
osteomyelitis. The objective of this study was to explore bacterial profile and its microbial resistance pattern
of each generation of cephalosporin from patients with chronic osteomyelitis at Dr. Hasan Sadikin General
Hospital.

Methods: A descriptive study was conducted to 39 medical records from patients with chronic osteomyelitis
at Dr. Hasan Sadikin General Hospital that met both inclusion and exclusion criteria. The bacterial pattern
and antimicrobial susceptibility test results were obtained from both medical record and laboratory
database for five years, during the period of Januari 2009 to December 2014. Data of bacterial species, type
of Gram staining, and numbers of resistance isolates to antiobiotic were taken from the collected data and
analyzed in form of frequency tabulation and percentages.

Results: As high as 43-52% of Staphylococcus aureus isolates were resistant to all generation of
cephalosporin. Coagulase-negative Staphylococci and Streptococcus spp. showed resistance to cephalosporin
as high as 29% and 67%, respectively. This study also discovered that 5 of 23 Staphylococcus aureus isolates
were methicillin-resistant Staphylococcus aureus (MRSA). Klebsiella pneumoniae showed a leading number
of resistance pattern for both third and fourth generation of cephalosporin (77%). Enterobacter cloacae
showed highly resistance for both first and third generation of cephalosporin, between 57-86%.
Conclusions: There is the high resistance of all bacteria to cephalosporin among chronic osteomyelitis
patients. [AM].2016;3(3):376-81]
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and repair. As the result, the patient is given an
empiric antibiotic treatment before knowing
the etiological agent for the disease. Studies

Introduction

Chronic osteomyelitis is one of the most
challenging and expensive diseases to treat,
despite advances in antibiotics and new
operative intervention techniques.! Specific
diagnostic strategies are ill-defined and lack
of prospective evidence. It is difficult to detect
the acute phase symptoms of osteomyelitis,
therefore, it is more likely to treat the patient
when the disease progresses to the chronic
phase.? The gold standard to establish a
diagnosis remains by a bone culture, but false-
negative rates are reported as high as 40%.3
The invasive procedure has to be conducted
to take the sample for microbial culture,
and it is more likely having a delay since it is
commonly taken during surgical procedure
e.g adjacent tissue reconstruction, drainage,

showed that patient receiving antibiotic
regimen without bone culture-guidance
is more likely to have worst outcome than
those with any bone culture-guided antibiotic
regimen.*

In the antibiotic era, chronic osteomyelitis
remains difficult to treat and has a high rate of
relapse after apparently succesful treatment.'
Since ithas the same characteristic as penicillin
for antimicrobial treatment in osteomyelitis,
cephalosporin has been greatly used for
the antibiotic intervention to kill bacteria
that infect the patient with osteomyelitis.>®
Klebsiella pneumoniae, as one of the
etiological agents of chronic osteomyelitis,
was reported to be resistant as high as 44%
to third generation of cephalosporin.” In the
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United States, patients with the infection due
to antibacterial-resistance organism, has a
higher cost of treatment compared to patients
with antibacterial-susceptible organism.? The
increase of bacterial resistance gives a great
influence on mortality rate, substantial cost
of the treatment, and the length of stay in
hospital.*1?

The objective of this study was to explore
bacterial profile and its microbial resistance
pattern of each generation of cephalosporin
from patients with chronic osteomyelitis at
Dr. Hasan Sadikin General Hospital, Bandung,
Indonesia.

Methods

The descriptive design was chosen to
accomplish this study that was performed
at Dr. Hasan Sadikin General Hospital. The
population of the study was taken from all
patients’ medical records which had been
diagnosed as having osteomyelitis and
admitted to hospital for five years during the
period of Januari 2009 to December 2014.
The inclusion criterion of this study was all
patient medical records admitted to Dr. Hasan
Sadikin General Hospital for the first time and
diagnosed to have chronic ostemyelitis, either

as primary diagnosis or additional diagnosis.
The exclusion criteria of this study were chronic
osteomyelitis patients without complete nor
available antimicrobial susceptibility testing
result. The data collection process was divided
into two procedures.The first procedure was
gathering all the primary information about
patient’'s demographic profile with chronic
osteomyelitis. The first procedure was taken
from digital medical record database with
disease group categories: chronic osteomyelitis
(diagnosis code: M86.6), according to
International Classification of Diseases (ICD)
10. After getting the lists of patient and
medical record number, full set hard copies of
each patient’s medical record was taken and
evaluated for inclusion criteria. The second
procedure was matching the first admission
of patient with the date of the sample sent
to laboratory for antimicrobial susceptibility
testing from laboratory database system.
From Januari 2009 to December 2014, there
were 332 patients with chronic osteomyelitis
who had been admitted to Dr. Hasan Sadikin
General Hospital. Among them, there were
only 98 patients with chronic osteomyelitis,
which had complete medical record. From 98
patients with complete medical record, there
were only 39 patients who had antimicrobial
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Figure 1 The Study Procedure Chart
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susceptibility testing result, in concordance
with first admission of patient. There were 67
bacteria identified from the 39 patients with
chronic osteomyelitis (Figure 1).

Data of bacterial species, types of Gram
staining, numbers of resistance isolates to
antiobiotic were taken and analyzed in form
of frequency tabulation and percentages. This
study was conducted with the ethical standard
approval from both Faculty of Medicine
Universitas Padjadjaran and Dr. Hasan Sadikin
General Hospital, with ethical letter No.
LB.04.01/A05/EC/312/VII/2015.

Results

The distribution of bacteria isolated from
chronic osteomyelitis was described in Table 1.
In this study, the most Gram-positive bacteria
isolated were Staphylococcus aureus and the
most Gram-negative bacteria isolated were
Klebsiella pneumoniae.

Table 2 shows the number of bacteria as
the etiology of chronic osteomyelitis with the
antimicrobial susceptibility testing. Based on
the result, almost all bacteria were resistant
to cephalosporin group. Cephazoline, as a
part of first generation of cephalosporin,
had a high range of resistance pattern for
both Gram-positive and Gram-negative
bacteria, with a value between 29-86%. As
high as 86% of Enterobacter cloacae were
resistant to cephazoline and had the highest
resistance pattern compared to any bacteria

to the first generation of cephalosporin.
Cefadroxil, which was tested only to Gram-
positive bacteria, had a range of resistance
between 13-33%. Meanwhile, the second
generation of cephalosporintested only for
the Gram-positive bacteria, showed both
cefoxitin and cefuroximehave resistance value
of aprroximately 48% and between 29-48%
respectively.

In third generation of cephalosporin, there
were ceftriaxone, ceftazidime, and cefotaxime
that were tested for both Gram-positive and
Gram-negative bacteria. Ceftriaxone had a
high pattern of resistance, with a value range
between 29-77%. Ceftazidime had the same
high resistance pattern as ceftriaxone, with
a value range between 29-77%. Meanwhile,
there were only slight differences of resistance
pattern between ceftriaxone and ceftazidime
found in Gram-negative bacteria.

Even though cefotaxime had an absence
of resistance pattern for the major etiological
bacteria, italso had the highest resistance
pattern for the minor etiological bacteria,
both Gram-positive and Gram-negative, with
a value range between 33-67%. Cefoperazone
and cefotaxime, as parts of third generation of
cephalosporin tested only for Gram-positive
bacteria, had high class of resistant pattern,
with value range between 29-67% and
33-35%, respectively. In fourth generation
of cephalosporin, cefepime used to test the
resistance pattern of bacteria for both positive
and negative bacteria, showed a high resistance
pattern, with a value range between 29-77%.

Table 1 Bacteria Isolated from 39 Patients with Chronic Osteomyelitis

Bacteria

Numbers of isolates

Percentages (%)

(n=67)

Gram-positive - -
Staphylococcus aureus 23 34.3
Coagulase-negative Staphyloccocus 10.4
Streptococcus spp. 3 4.4
Gram-negative - -
Enterobacter cloacae 7 10,.4
Escherichia coli 5 7.4
Klebsiella pneumoniae 9 13.4
Morganella morganii 2 2.9
Proteus mirabilis 3 4.4
Pseudomonas aeruginosa 6 8.9
Serratia marcescens 2 2.9

Althea Medical Journal. 2016;3(3)



Daniel Christian Fernandez, Ghuna Arioharjo Utoyo, Adhi Kristianto Suganli: Bacterial Resistance Pattern 379
to Cephalosporin in Patient with Chronic Osteomyelitis at Dr. Hasan Sadikin General Hospital Bandung

Table 2 Percentage Resistance of Bacteria causing Chronic Osteomyelitis
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%R %R %R %R %R %R %R %R %R %R
B-lactam/ with adjuvant
Amoxicillin-Clav 1(4.3) - - 4(444) - 3/6 - 1/3 2/2 -
Ampicillin-Sulbactam - - - 3(33.3)  4(57.1) 5/6 5/5 1/3 2/2 2/2
Oxacillin 6(26.0) - - - - - - - - -
Piperacillin-Tazobactam  3(13.0) - - 5(55.6)  2(28.5) - - 1/3 - -
Cephalosporin
Cefadroxil* 3(13.0) - 1/3 - - - - - - -
Cefazoline* 10(43.4) 2(28.5) 2/3  4(444) 6(85.7) 3/6 1/5 1/3 1/2 2/2
Cefoxitine** 11(47.8) - - - - - - - - -
Cefuroxime** 11(47.8) 2(28.5) 1/3 - - - - - - -
Cefoperazone*** 11(47.8) 2(28.5) 2/3 - - - - - - -
Ceftriaxone*** 12(52.1) 2(28.5) 2/3  7(77.8) 5(71.4) 2/6 2/5 2/3 - -
Ceftazidime*** 12(52.1) 2(28.5) 2/3  7(77.8)  4(57.1) 3/6 2/5 1/3 - 1/2
Cefixime*** 8(34.7) - 1/3 - - - - - - -
Cefotaxime*** - - 2/3 - - 2/6 - 1/3 - -
Cefepime**** 11(47.8) 2(28.5) 2/3  7(77.8)  2(28.5) 2/6 1/5 2/3 - -
Carbapenem
Imipenem 11(47.8) 2(285) - - - 1/6 - - - -
Meropenem 12(52.1) 2(28.5) - 1(11.1) - 1/6 - - - -
Aminoglycoside
Amikacin - - - 2(22.2) - - - - - -
Gentamycin 10(43.4) 2(28.5) - 6(66.7)  3(42.8) 4/6 1/5 2//3 1/2 -
Tetracyclins
Tetracyclin 3(13.0) - - - - - - 2/3 - -
Tigecyclin - - - 2(22.2) - 6/6 - 3/3 2/2 -
Macrolides
Erythromycin 10(43.4) 1(14.2) 1/3 - - - - - - -
Oxazolidonones
Linezolid 1(4.34) - - - - - - - - -
Fluoroquinolone
Ciprofloxacin 10(43.4) 3(42.8) 2/3  6(66.7)  3(42.8) 3/6 4/5 2/3 2/2 -
Levofloxacin 10(43.4)  2(28.5) - 5(55.6) 3(42.8) 3/6  3/5 1/3 1/2 -
Moxifloxacin 3(13.0) 1(14.2) - - - - - - - -

Folate Pathway Inhibitors
Cotrimoxazole 7(30.4) 1(14.2) 2/3  6(66.7) 3(42.8) 2/6 2/5 2/3 - -

Note: *First generation cephalosporin; **Second generation cephalosporin; ***Third generation cephalosporin; ****Fourth generation cephalosporin; %R is percentage of

resistance result, for those samples < 6 total resistance/total test is used
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Discussions

Chronic osteomyelitis, though uncommon,
causes  serious  morbidity such as
permanent disability, paralysis, and rarely
death. Management of this disease can be
challenging for many physicians, mainly due
to an unfamiliarity and poor evidence base.!!
Despite the treatment, diagnosing chronic
osteomyelitis faces a dilemma of the accepted
range of time to give an empirical antibiotic
treatment before conducting the invasive
procedure to take sample for culture test.
The exposure of culture-nonguided antibiotic
seems to increase the resistance pattern of
bacteria. More recent study showed that
the increased bacterial resistance result
suggested the changing of the microbiology of
this disease.'?

This study discovered that infection caused
by Gram-positive bacteria was relatively
proportional compared to Gram-negative
bacteria (49% versus 51%). Staphylococcus
aureuswas foundin 23 isolates or over one third
of microbial culture. As comparison, recent
studies showed that Staphylococcus species
was the most common pathogen responsible
for osteomyelitis.'*'* Staphylococcus aureus
is the typical pathogen responsible for both
acute and chronic ostemyelitis, and it has
great potential to develop antimicrobial
resistance and virulence factor expression,
regardless of patient’s immune status. Due
to its high virulence, Staphylococcus aureus
may cause several complications, from
localized superficial infection to the most
severe forms of bacteremia, such as septic
arthritis, endocarditis, and septic shock
syndrome. This situation becomes more
complex due to high incidence of methicillin-
resistant Staphylococcus aureus (MRSA).** This
study also discovered that 5 of 23 isolates
Staphylococcus aureus were methicillin-
resistant Staphylococcus aureus (MRSA).
Methicillin-resistant Staphylococcus aureus
(MRSA) appears to be biologically succesful
and commonly causes severe soft tissue
infections, complicated by musculoskeletal
involvement in some cases.!

Almost half of Staphylococcus aureus
isolates were resistant to all generation of
cephalosporin, between 43-52%, followed
by coagulase-negative Staphylococci and
Streptococcus spp. with 29% and 67% of
overall percentage resistance, respectively.
It also showed that Staphylococcus aureus
was more susceptible to penicillin with
adjuvant. As predicted from a recent study by

Tuchscherr et al.’s, it showed that the majority
of beta-lactam group lose activities against
Staphylococcus aureus.

Klebsiella pneumoniae and Enterobacter
cloacae were the firstand second mostcommon
Gram-negative bacteria found in cultures
with 13.4% and 10.4%, respectively. Gram-
negative bacteria have grown in importance as
causative agents due to the increasing number
of orthopaedic surgeries related to fractures
with the use of implants.'® As used in recent
study by Kevin et al.'’, 10% of resistance
pattern were classified as the low resistance
pattern, and 10% or more of resistance pattern
were termed as high resistance pattern. This
resistance classification was used to identify
the degree of the resistance pattern.

Based on the study, Klebsiella pneumoniae
showed the leading number of resistance
pattern for both third and fourth generation of
cephalosporin with a value of approximately
77%. Enterobacter cloacae also showed highly
resistance pattern for both first and second
generation of cephalosporin, with a value
range between 57-86%. As comparison,
recent study by Kronenberg et al.’® also
showed the increased resistance pattern of
Gram-negative pathogen to the extended
spectrum of cephalosporin (third and fourth
generation).

The limitation of this study was the small
range of population involved with short
period of time to accomplish the study. It
is recommended to perform a study with
larger scale of population which involves
many hospital around the district and more
comprehensive method to get more accurate
and reliable result as a current circumstances.
The availability of medical documentation
and antimicrobial susceptibility test results
from laboratory was another limitation
needed to be considered. The potential bias
that can happen during this study was a
selection bias of medical record. Since after
the first procedure, the study should gather
detailed information in the full hand-writing
medical record (e.g unreadable); this could
potentially make a bias. However, the cross-
check combination between medical record
data with antimicrobial susceptibility data in
the laboratory database, greatly reduced this
bias. Detailed sorting, carefully date checking,
and sequence of the test were the steps to
eliminate the selection bias.

In  conclusion, high resistance to
cephalosporin occurs almost in all bacteria,
specifically in first, third and fourth generation
of cephalosporin among patients with chronic
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osteomyelitis, at Dr. Hasan Sadikin General
Hospital.

Duetohighresistance pattern ofthe bacteria
to cephalosporin, it is useful to consider the
antimicrobial susceptibility test result as the
major point for antibiotic treatment in chronic
osteomyelitis. Integrating and establishing
patients’ clinical demographic data and
their antibiogram in concodance to chronic
osteomyelitis is a mandatory. Furthermore,
good communication between physian,
laboratory staff, and pharmacist is also needed
to generate a better patient’s outcome and
proper medical documentation.
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