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a b s t r a c t

Introduction: In the present study, we observed differences in the clinical and haemato-

logical parameters in patients of MRSA and non MRSA acute osteoarticular infection.

Methodology: For the patients of acute haematogenous osteomyelitis/septic arthritis, clin-

ical features, haematological parameters and blood & aspirate cultures were recorded.

Results: Of 81 patients enrolled in the study, 61 were culture positive (22% MRSA). Statis-

tically significant difference was found only in CRP (P < 0.001). ROC curve analysis shows

that CRP levels of >13.9 mg/L, MRSA bone and joint infection could be predicted with 92.9%

sensitivity and 79.1% specificity (AUC ¼ 89.1).

Conclusion: Estimation of serum CRP levels at the time of presentation can aid in dis-

tinguishing MRSA osteomyelitis from non MRSA one.

Copyright © 2015, Professor P K Surendran Memorial Education Foundation. Publishing

Services by Reed Elsevier India Pvt. Ltd. All rights reserved.
1. Introduction

Recent increase in the incidence of osteomyelitis and septic

arthritis due to a rise in predisposing factors like diabetes

mellitus and peripheral vascular disease, is a matter of great

concern. Moreover, the increasing incidence of methicillin

resistant staphylococcus aureus (MRSA), in the last two decades,

has further complicated this health issue.1e3

MRSA is a common nosocomial infective agent and

accounted for more than 50% of S. aureus isolates from

intensive care units in the Western countries.4 In India, a
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recent multicentre study from 15 tertiary care hospitals,

including our hospital and others scattered throughout the

country found the prevalence of MRSA ranging from 22 to

60%.5 The prevalence of MRSA among S. aureus infections in

the community was highest in Taiwan (40.5%) followed by Sri

Lanka (38.8%), Philippines (30.1%), Vietnam (28.2%) Korea

(20.5%) and India (4.3%).6

This data is of alarming significance as musculoskeletal

infections associated with MRSA tend to be more virulent,

deeply invasive, requiring longer hospital stays, associated

with greater number of surgical interventions with higher

complication rates and mortality.1,7 Studies have also shown
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that musculoskeletal infections by MRSA have a higher inci-

dence of deep vein thrombosis (DVT) and septic pulmonary

emboli.8,9

To mitigate morbidity and mortality due to MRSA, it is

imperative to establish the diagnosis by high index of clinical

suspicion along with imaging and growing the infecting or-

ganism in culture, which promotes the prompt institution of

appropriate antibiotic therapy early in the course of the dis-

ease. However, numerous studies have quoted a culture

negativity rate ranging from 30 to 50 percent.10,11 Even in

culture positive cases it takes several days to isolate the

causative organism and the start of appropriate antibiotic

usually gets delayed.

It has been observed in various studies that clinical fea-

tures like fever, severity of loss of function of affected ex-

tremity, multifocality and haematological features like total

WBC count, neutrophil count, ESR, CRP, platelet counts vary

significantly among MRSA and non MRSA acute musculo-

skeletal infections.12

Thus, in the present study, we propose to study these

clinical and haematological parameters in patients of MRSA

and non MRSA acute osteoarticular infection at the time of

their presentation to our hospital and establish whether

MRSA infections can be predicted on the basis of these pa-

rameters before culture of the organisms for early initiation of

appropriate treatment.
2. Materials and methods

The present study was conducted by the Department of Or-

thopaedics, JIPMER, Puducherry, India fromSeptember 2011 to

August 2013. Approval from Institute Research Council and

Human Ethics Committee was obtained prior to starting the

study. Written informed consent was obtained from all the

participating subjects. A retrospective analysis of cases

treated from January 2007 to August 2011 was also carried out

from the hospital case records.

a. Study subjects: All the patients of acute haematogenous

osteomyelitis or septic arthritis treated during the study

period were enrolled for the study. A total of 130 patients

were enrolled, out of which 49were excluded as 10 patients

were already on antibiotics and 39 patients did not have

complete case records. Cases with implant related in-

fections, perioperative and postoperative infections were

also excluded from study. After exclusion, we enrolled 81

patients in this study (57 prospective and 24 retrospective).

After takingwritten informed consent from patient or their

parent (if patient's age was <18 years), following data was

collected at the time of presentation: Age, Sex, Duration of

symptoms (days), Axillary temperature (�C) & Heart rate

(beats/min). Five ml of venous blood was collected at the

time of presentation and was sent for culture and sensi-

tivity studies and analysis of haematological parameters.

2 ml of aspirate either from joint or bone of suspected

septic arthritis or osteomyelitis respectively was sent for

culture and sensitivity.

b. Haematological parameters: Estimation of haemoglobin,

WBC, differential leukocyte count, platelet count and
haematocrit in blood was done by automated cell counter

machine (SYSMEX XS-1000i) in haematology department.

ESRwas estimated byWintrobemethod. C-reactive protein

was estimated by nephelometer.

c. Culture and sensitivity: Samples were inoculated on Blood

Agar, Mckonkey's Agar, Chocolate Agar and Brain Heart

Infusionmedium. Agar plates were observed for growth for

24e48 h and sample kept in Brain heart infusion medium

for 7 days.

d. Statistical Method: The study parameters were categorised

into parametric and non parametric by doing test of

normality e Kolmogorov Smirnov test. Parameters found

normally distributed were further analysed by univariate

analysis using Student T-test. Parameters which showed

non normal distribution were further analysed by univar-

iate analysis using Mann Whitney U test. Univariate anal-

ysis was done for each parameter to see if there was

significant difference between MRSA and non MRSA

(including culture negative cases). We repeated compari-

son between MRSA and culture positive non MRSA cases

and between MRSA and culture negative cases so that the

influence of the culture negative cases on the larger anal-

ysis could be assessed. If more than one parameters were

found to be significantly different (P < 0.05), these param-

eters were further analysed by multivariate logistic

regression, to find out significant independent predictor of

MRSA with the p value <0.05. Receiver operating charac-

teristic curve analysis was performed for each indepen-

dent significant predictor to determine the area under the

curve. Using KruskaleWallis and one way anova test, we

compared the outcome of MRSA, non MRSA (culture posi-

tive cases) and culture negative cases. Statistical analysis

was performed using SPSS software (version 20.0). A two-

tailed p value of <0.05 was considered significant.
3. Results

Out of 81 cases, 47 were males (58%) and 34 (42%) were fe-

males. Proportion of patient having MRSA bone and joint

infection was not significantly different among male and fe-

male (p value-0.214). Age of the patients varied from 11days to

45 years among nonMRSA group and varied from 25 days to 17

years in MRSA group.

Out of the enrolled 81 cases, culture came positive for 61

patients and was negative for 20 patients. Out of 61 culture

positive cases, MRSA had grown in 14 (22%), MSSA in 16 (26%),

Klebsiella pneumoniae in 14 (22%), Pseudomonas in six (9%),

Streptococcus pyogenes in six (9%), Burkholderia pseudomallei in

two, Enterococcus in one, Enterobacter in one, Group D Sal-

monella in one and Coagulase negative S. aureus in one. In two

cases, culture had grownmore than one organism (Table 1). In

one case of septic arthritis shoulder, Actinomycetes and

Pseudomonas had grown in culture while in one case of septic

arthritis hip, Klebsiella and Streptococcus had grown. Culture

from the site of infection was positive in 51 (63%) cases while

Blood culture was found to be positive in 24 (29%) cases.

Out of 14 cases of MRSA, 7 patients presented with mon-

oarticular septic arthritis and 1 with polyarticular septic
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Table 1e Frequencies of various causative agents of acute
bone and joint infections found in our study.

Organism Number

MRSA 14

MSSA 16

Klebsiella 14

Pseudomonas 6

Streptococcus pyogenes 6

Burkholderia pseudomallei 2

Enterococcus 1

Enterobacter 1

Salmonella 1

CONSa 1

Actinomyecetes 1

Polymicrobial 2

a Coagulase negative staphylococcus aureus.
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arthritis. 2 had monoosseous osteomyelitis & 1 polyosseous

osteomyelitis whereas 3 patients had septic arthritis associ-

ated with osteomyelitis.

Out of 81 included cases, two patients died. Both the cases

were of MRSA multifocal bone and joint infection with severe

systemic illness, one died of pneumonia and the other had a

fulminant Liver abscess. No deaths were reported in non

MRSA group.

Five patients of MRSA had extra musculoskeletal systemic

invasive involvement, while only one patient among non

MRSA group had extra musculoskeletal, deeply invasive

infection.

We found that among MRSA cases, median duration of

symptoms was 7 days, the median temperature was 37.5 �C,
themedian total WBC count was 10,250/mm3, themedian ESR

was 57 mm/h, the median CRP was 19.1 mg/L and the median

platelet count was 320,000/mm3 while mean heart rate was

134/m, ANC was 7444/mm3, Hb was 9.9 g% and haematocrit

was 30.28%.

On statistical analysis, heart rate, absolute neutrophil

count (ANC), PCV and haemoglobin (Hb) were found to be

normally distributed while parameters like duration of

symptoms, temperature, total WBC count, ESR, CRP and

Platelet count showed non normal distribution. By univariate
Table 2 e Comparison of central tendencies of parameters amo
parameters.

Parameters MRSA

Heart ratea (beats/min) 134 ± 31

ANCa (/mm3) 7444 ± 3457

PCVa (%) 30.28 ± 4.54

Hba (g%) 9.90 ± 1.68

Duration of symptomsb (days) 7 (4�10)

Temperatureb (�C) 37.5 (37�38.07)

WBCb (/mm3) 10,250 (8650�17,000)

ESRb (mm/h) 57 (50�63.5)

CRPb (mg/L) 19.1 (17.5¡24.12)

Platelet countb (/mm3) 320,000 (186,750�470,500)

P value is significant for the parameters in bold.
a Mean (±Standard deviation).
b Median (25th e 75th percentile).
analysis statistically significant difference was seen only in

CRP (P < 0.001) among MRSA and other cases (Table 2).

Through ROC curve, the cut off value of CRP was calculated

(Fig. 1). At CRP >13.9 mg/L, MRSA bone and joint infection

could be predictedwith 92.9% sensitivity and 79.1% specificity.

Area under the curve came out to be 89.1%. Using 13.9 mg/L as

a cut off value, forward multivariate logistic regression model

showed CRP to be statistically significant predictor of MRSA

septic arthritis and osteomyelitis (P < 0.001). By multivariate

logistic regression, we found that the positive predictive value

of CRP >13.9 mg/L was 48.1%, when compared with all other

culture positive or negative cases of acute haematogenous

osteomyelitis and septic arthritis. By KruskaleWallis and one

way Anova test, we compared MRSA with non MRSA culture

positive cases and caseswith culture proven no growth so that

influence of culture negative cases on larger analysis can be

assessed (Table 3).
4. Discussion

Staphylococcus aureus has been the most common cause of

acute haematogenous osteoarticular infections. In the last

two decades the incidence of MRSA has shown an upward

trend around the world.1e3 We also found S. aureus to be the

most common cause of acute haematogenous osteomyelitis

and septic arthritis in our population with the prevalence of

MSSA being 26% while that of MRSA being 22%.

As already observed, extremes of ages are known to be

affected more by MRSA.13 In our study, 6 cases of MRSA were

children less than one year of age.

MRSA is also known to cause more virulent and deeply

invasive infections. In our study, out of 14 cases of MRSA, 3

developed DVT, Two of these were further complicated by

pulmonary embolism. Two patients had pneumonia and one

of them also developed a pericardial effusion while one

developed a fulminant liver abscess. Other studies have also

reported a significantly higher complication rates particularly

DVT and pulmonary complications in patients with MRSA

osteoerticular infections.7,8,13,14

Early diagnosis and aggressive antibiotic and surgical

treatment can prevent mortality and morbidity associated
ngMRSA and others and p value after univariate analysis of

Others p value

127 ± 24 0.353

7725 ± 2880 0.749

33.49 ± 5.74 0.053

10.53 ± 1.95 0.265

7 (3�10) 0.945

37.8 (37.2�38.3) 0.486

11,800 (9800�14,700) 0.438

50 (42�60) 0.172

9.4 (6.08¡13.2) <0.001

240,000 (210,000�320,000) 0.375
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Fig. 1 e Receiver operating characteristic curve of CRP on

comparison of MRSA with all other cases.
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withMRSA infections. However the diagnosis ismainly reliant

on isolation of causative organism by culture which may take

minimum 48e72 h and has a positivity rate of only 50e70%.

Even in our study we could isolate causative organism only in

75% (61 out of 81) cases. Local sample had grown organism in

63% (51) while blood culture was positive in 29% (24) cases.

It has been reported that patients with MRSA infection

show significant increase in serum levels of inflammatory

markers, grade of temperature and extent of osteoarticular

involvement compared to patients with non MRSA

infection.9,15,16

Hawkshed et al performed a retrospective analysis of 71

cases of age four months to 19 years and found that in MRSA

acute haematogenous osteomyelitis the median duration of

elevated temperature was 3.06 days, the temperature was

102.03 �F, WBC count was 13,740/mm3, ESR was 73.5 mm/h

and CRP was 9.5 mg/L. These parameters were significantly

different (p < 0.01) in MRSA group of acute haematogenous
Table 3 e Comparison of parameters among MRSA, non MRSA

Parameters MRSA (14)

Heart ratea (beats/min) 134 ± 31 129

ANCa (/mm3) 7444 ± 3457 8165

PCVa (%) 30.28 ± 4.54 33.0

Hba (g%) 9.90 ± 1.68 10.2

Duration of symptomsb (days) 7 (4�10) 7 (4

Temperatureb (�C) 37.5 (37�38.07) 37.8

WBCb (/mm3) 10,250 (8650�17,000) 12,2

ESRb (mm/h) 57 (50�63.5) 52 (

CRPb (mg/L) 19.1 (17.5¡24.12) 11 (

Platelet countb (/mm3) 320,000 (186,750�470,500) 240,

P value is significant for the parameters in bold.
a Mean (±Standard deviation).
b Median (25th e 75th percentile).
osteomyelitis comparing with MSSA, other culture positive

cases and culture negative groups.15 Similarly Ju et al, in the

retrospective study of 129 patients from 1 to 18 years, found

that the MRSA osteomyelitis differs significantly from MSSA

osteomyelitis in terms of the number of patients with inability

to bear weight by affected extremity, temperature

(mean ¼ 38.8 �C), heart rate (mean ¼ 114/m), total WBC

(mean ¼ 16,920/mm3), ANC (mean ¼ 13,100/mm3), haema-

tocrit (mean ¼ 32.5%), platelet count (mean ¼ 514,000/mm3),

ESR (mean ¼ 93.2 mm/h) and CRP (mean ¼ 19.5 mg/L).17 Kini

et al performed a retrospective observational study from

India, comparing community acquired MRSA acute bone and

joint infection in patients <18 years and found that in MRSA

cases, the mean days of fever (6.2), temperature (101.8 �F), Hb

(9.1 g%), haematocrit (32.1%), total WBC count (14,200/mm3),

ESR (39.3 mm/h), CRP (37.3 mg/dl), differed significantly

compared to MSSA infected patients.3

One of the reasons of not having significant difference

among the most of the clinical and haematological parame-

ters of MRSA and non MRSA bone and joint infections ana-

lysed in our study may be having 57% population of our study

<1 year age out of which 78% were <1 month. These patients

have immature immune system and thereby may have

normal temperature,WBC and other inflammatorymarkers.18

Other reason might be the less number of MRSA cases in our

study.

In our studywe found only CRP being significantly different

predictor in MRSA and other cases including culture positive

non MRSA and culture negative cases. Through ROC curve we

found out the cut off value of CRP >13.9 mg/L to maximise the

sensitivity (92.9%) and specificity (79.1%). The predictivity of

MRSA acute haematogenous septic arthritis and osteomyelitis

was 48.1% from other non MRSA and culture negative cases, if

CRP >13.9 mg/L.

In the study of Ju et al, predictivity of MRSA osteomyelitis

was 92%, if all four parameters were present, which includes

body temperature >38 �C, haematocrit <34%, WBC >12,000/
mm3 and CRP >13 mg/L.17 When any three parameters were

found, MRSA predictivity was 45% and for any two parame-

ters, it was 10%. Kini et al, found predicitivity of MRSA

osteoarticular infection of 94% when all seven parameters,

hb < 9.5 g%, PCV <34%, CRP >32 mg/dl and ANC >65%, body

temperature >100.41 �F, ESR >35 mm/h and WBC >14,000/
culture positive cases and culture negative cases.

Non-MRSA (47) No growth (20) p value

± 24 124 ± 23 0.502

± 2772 6689 ± 2930 0.168

8 ± 6.23 34.45 ± 4.39 0.103

4 ± 1.91 11.24 ± 1.91 0.078

�10) 5.5 (3�10) 0.674

(37.2�38.3) 37.5 (37.05�38) 0.594

00 (10,000�14,200) 11,500 (9125�15,900) 0.738

45�60) 49 (36.25�58.75) 0.204

8¡14.3) 8 (3.575¡10.7) <0.001

000 (210,000�320,000) 234,000 (184,750�305,000) 0.58
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mm3, were found at presentation. Predictivity of MRSA was

only 65%, if six parameters were present.3

To form a predictive algorithm for MRSA acute haema-

togenous osteomyelitis and septic arthritis, it is required to

performmulticentric, prospective study categorising different

age groups, involving larger number of MRSA and non MRSA

cases, to find out predictivity of different parameters in Indian

population.

The limitations of the present study are less sample sizes

and inclusion of all age group in the study. Also it seems

prudent to study the role of particular genetic virulence fac-

tors in the MRSA strains.
5. Conclusion

� We found in our study that at a cut off value of 13.9 mg/L,

CRP has a positive predictive value of 48.1% for the diag-

nosis of acute haematogenous MRSA osteoarticular in-

fections at presentation.

� Estimation of the serum CRP levels at presentation for a

patient presenting with the acute haematogenous osteo-

articular infection can aid in distinguishing an MRSA

infection from a non MRSA one. This can be a useful guide

to early institution of appropriate antibiotic.
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