
Introduction

Infective endocarditis is a microbial infection of the

endothelial surface of the heart. Bacteria contaminate the

endothelial surface of the heart and the heart valves, and they

produce large particles called vegetation within the heart.

These vegetations may then get detached and travel to other

major parts of body. The risk of developing endocarditis is

high in patients of unrepaired congenital heart defects but

patients with repaired congenital heart defects may also

suffer from this disease.1 Signs and symptoms of endocarditis

vary, but delayed fever without any apparent cause is a most

important symptom and must be considered in a patient with

congenital heart disease. In addition, other symptoms

including anorexia, malaise, arthralgia, skin rashes, changes in

quality of murmur, night sweats, dyspnoea, pallor, constant

cough, puffiness in feet, legs or abdomen, weight-loss,

softness in spleen, Osler's nodes and petechiae have also

been reported.2 Complications of endocarditis include

congestive heart failure, risk of embolisations, periannular

extension of infection, splenic abscess, mycotic aneurysms,

intracranial and extra-cranial mycotic aneurysms.3

Bacterial endocarditis is a serious disorder, which was fatal

before the availability of antibiotics, but now it is no more

a problem and is a curable disease. Most cases recover

well although surgery may be indicated if the valve

damage is severe.4 Infective endocarditis can occur with

many heart defects, but frequent causes are aortic valve

problems, unrepaired patent ductus arteriosus, mitral

valve prolapse with mitral regurgitation, ventricular septal

defects and Tetratology of Fallot.5

Frequent species of bacteria that cause infective endocarditis

include Staphyloccus, Streptococcus, Enterococcus and

Fastidious Gram-Negative Coccobacilli. Uncommon causes

are Rickettsia, Chlamydia, Mycobacterium and Fungi.6 It is
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diagnosed on the basis of Duke Criteria but positive blood

culture is a major diagnostic criterion. Transthoracic

echocardiography (TTE) is rapid, non-invasive procedure and

has excellent specificity for vegetations (98%).5,7

Penicillin in combination with Gentamicin is a standard

therapy for the management of infective endocarditis caused

by Penicillin-susceptibe Streptococci. Vancomycin is the drug

of choice for Penicillin-allergic patients. Infective Endocarditis

caused by Enterococci requires longer duration of therapy

and Gentamicin is administered in combination for the first

two weeks. For Methicillin-susceptible Staphylococcal isolate,

Oxacillin combined with Rifampicin is administered for six

weeks and Gentamicin for the first two weeks.3

The aim of the current study was to determine the type of

pathogens causing bacterial endocarditis, their in-vitro

drug susceptibility profile and the effect of empirical

antibiotic therapy in endocarditis patients.

Patients and Methods
The prospective study was conducted at the Punjab Institute

of Cardiology, Lahore, from January to November 2013 after

getting approval from the institutional ethics committee.

Pathogens from blood culture of the patients were subjected

to commonly used antibiotics for their antibiograms. The

prescribed antibiotics were evaluated and each patient was

followed up to be assessed for treatment progress and

response of the empirical antibiotic therapy.

Patients with proven case of endocarditis fulfilling Duke

Criteria as reported by blood culture, and within the 20-40

age bracket were included in the study. Patients with

negative report for blood culture were excluded.

Indoor patients from different wards of the Institute were

observed, as all of them were suspected of having infected

endocarditis. Empirical therapy that was given to these patients

was noted. Blood sample 3-5ml was taken before administering

any antibiotic aseptically and injected into blood culture bottles

containing Brain Heart Infusion (BHI) broth. After inoculating the

culture vials on blood agar and MacConkey agar plate, the

samples were incubated at 35-37ºC for 7 days aerobically. A drop

of sample was taken from the incubated specimens at Day 1, 3

and 5 and sub-cultured at solid medium. Cultures in which

bacterial growth occurred resulted in positive blood culture.

Bacteria were isolated by performing the primary, secondary

and tertiary streaking so that single isolated colonies may be

obtained and observed. The isolates were identified on the basis

of morphology, Gram-staining and biochemical reactions like

catalase, slide coagulase, oxidase reactions.

Anti-microbial susceptibility of isolates were carried out on

Muller-Hinton agar by Kirby Bauer disc diffusion technique

as per recommendations of the Clinical Laboratory

Standards Institute (CLSI).8,9 The plates were incubated

aerobically at 35±2ºC for 18-24 hours. Zone of inhibition

around the discs was interpreted as per CLSI guidelines. The

results were presented as frequencies and percentages.

Results
Of the 110 endocarditis patients initially scanned,

60(54.5%) were culture-positive and represented the

study sample. Of them, 31(51.7%) were men and
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Table-1: Antibiotic susceptibility pattern of Gram-Positive isolates (n=53).

Pathogens Drugs AM GEN VAN PEN CTR AMK TZ ERY A/C CIP A/S

MSSA (n=39) S 24 16 39 26 15 - 17 13 34 10 29

%age 61.5 41 100 66.6 38.4 - 43.6 33.3 87.1 25.6 74.3

I.S - 13 - - 10 11 10 18 - 14 7

%age - 33.3 - - 25.6 28.2 25.6 46.1 - 35.9 17.9

R 15 10 - 13 14 28 12 8 5 15 3

%age 38.4 25.6 - 33.3 35.9 71.7 30.7 20.5 12.8 38.4 7.7

MRSA (n=2) S - - 2 - - - - 1 - -

%age - - 100 - - - - - 50 10 -

I.S - 1 - - 1 1 - - - - 1

%age - 50 - - 50 50 - - - - 50

R 2 1 - 2 1 1 2 2 1 2 1

%age 100 50 - 100 50 50 100 100 50 100 50

Streptococcus spp. (n=12) S 10 - 12 9 1 - 9 6 11 - 12

%age 83.3 - 100 75 8.3 - 75 50 91.6 - 100

I.S - - - - 5 - - 3 - - -

%age - - - - 41.6 - - 25 - - -

R 2 - - 3 6 - 3 3 1 - -

%age 16.6 - - 25 50 - 25 25 8.3 - -

MSSA: Methicillin-Sensitive Staphylococcus aureus. MRSA: Methicillin-Resistant Staphylococcus aureus. S: Sensitive. I.S: Intermediate Sensitive. R: Resistant. AM: Ampicillin. GEN: Gentamicin. VAN:

Vancomycin. PEN: Benzyl Penicillin. CTR: Ceftriaxone. AMK: Amikacin. TZ: Cetazidime. ERY: Erythromycin. A/C: Co-Amoxiclav. CIP: Ciprofloxacin. A/S: Ampicillin/Sulbactam.



29(48.3%) were women. Out of 60 patients, 35(58.3%)

were of age group 20-25, 7(11.7%) were of 26-30, 8(13.3%)

were of 31-35 and 10(16.7%) were of 36-40.

Analysis of data regarding underlying disease showed

that 36(63.3%) patients were suffering from endocarditis

due to rheumatic heart disease (RHD), 17(28.3%) Aortic

Regurgitation, 21(35%) Mitral Regurgitation, 13(21.6%)

mitral stenosis, 6(10%) aortic stenosis, 11(18.3%)

pulmonary hypertension, 10(16.6%) were there after

surgeries, and 18(30%) had other multiple reasons.

Microbiological analysis of blood samples revealed the

presence of various types of bacteria. Out of the 60

samples, 53(88.3%) were Gram-positive isolates and

7(11.7%) were Gram-negative. On bacteriological

examination, 39(65%) isolates of Methicillin-sensitive

Staphylococcus aureus (MSSA), 2(3.3%) isolates of

Methicillin-resistant Staphylococcus aureus (MRSA),

5(8.4%) isolates of Escherichia coli (E. coli), 2(3.3%) isolates

of Pseudomonas aeruginosa (P. aeruginosa), 12(20%)

isolates of Streptococcus species were characterised.

Detailed microbiology of pathogens isolated and the

antimicrobial susceptibility of Gram-positive and Gram-

negative organisms causing endocarditis were noted

(Table-1 and 2).

The combination of Benzyl Penicillin and Gentamicin was

given to 11(18.3%) patients, while combination of

Vancomycin and Gentamicin and Vancomycin alone was

also given to 3(5%) and 6(10%) patients respectively. 

In definite therapy, 19(31.7%) patients received B-Lactams

and Aminoglycosides in combination, 3(5%) received B-

Lactams in combination, 3(5%) received Glycopeptide

and Betalactam in combination, 3(5%) received

Vancomycin and Benzyl Penicillin, 3(5%) received

Glycopeptide and Aminoglycosides in combination,

32(53.3%) received no combination (Table 3).

Out of 60 patients, 41(68.3%) were treated successfully

with antibiotic therapy, 17(28.3%) were referred for

surgery, and 2(3.3%) patients died.

Discussion
Infective endocarditis is an infection of the inner layer of

the heart; usually of heart valves. Infective endocarditis is

a developing disease. Male prevalence is one feature as

reported by studies.10,11 But in this study, the ratio of male

and female was almost equal. The reason for this
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Table-2: Antibiotic susceptibility pattern of Gram-Negative isolates (n=7).

Pathogens Drugs AM A/S VAN PEN GEN AMK CIP A/C TZ CTR PTZ TGC

E.coli (n=5) S 1 2 - 1 2 3 2 3 2 2 - -

% age 20 40 - 20 40 60 40 60 40 40 - -

I.S 2 2 - 1 2 2 1 1 3 2 - -

% age 40 40 - 20 40 40 20 20 60 40 - -

R 2 1 5 3 1 - 2 1 - - -

% age 40 20 100 60 20 - 40 20 - - - -

P.aeruginosa (n=2) S 1 - - - - - 2 - 2 - 2 2

% age 50 - - - - - 100 - 100 - 100 100

I.S 1 - - - - - - - - - - -

% age 50 - - - - - - - - - -

R - 2 - - 2 - - - - 2 - -

% age - 100 - - 100 - - - - 100 - -

S: Sensitive. I.S: Intermediate Sensitive. R: Resistant. P. aeruginosa: Pseudomonas aeruginosa. E. coli: Escherichia coli. AM: Ampicillin. GEN: Gentamicin. VAN: Vancomycin. PEN: Benzyl Penicillin.

CTR: Ceftriaxone. AMK: Amikacin. TZ: Cetazidime. A/C-Co: Amoxiclav. CIP: Ciprofloxacin. A/S: Ampicillin/Sulbactam. PTZ: Piperacillin+Tazobactam. TGC:Tigecycline.

Table-3: Frequencies and percentages of antibiotics as Definitive Therapy.

Combination of antibiotics Frequency Percentage (%)

Betalactam & Aminoglycosides (19)

Benzyl Penicillin + Gentamicin 11 18.3

Benzyl Penicillin + Amikacin 2 3.3

Ceftriaxone + Gentamicin 2 3.3

Piperacillin + Amikacin 1 1.7

Ampicillin/Sulbactam + Gentamicin 2 3.3

Ampicillin + Gentamicin 1 1.7

Glycopeptide & Aminoglycosides (3)

Vancomycin + Gentamicin 3 5

Betalactam in combination (3)

Benzyl Penicillin + Ampicillin 2 3.3

Piperacillin + Ceftazidime 1 1.7

Glycopeptide & Betalactam (3)

Vancomycin + Benzyl Penicillin 3 5.0

No combination (32)

Vancomycin 6 10

Benzyl Penicillin 17 28.3

Ceftriaxone 9 15



difference needs further studies with larger populations.

Majority of the patients in this study (58%) were of

younger age between 20-25 years. Studies carried out in

Tunisia, Pakistan and India12-14 also reported below 35

years age group being the most affected. Other

studies15,16 revealed that in developed countries, the ratio

of relatively older patients was high. The reason for this is

that in developing countries, patients of rheumatic

disease are greater in number and also mainly present in

young age due to untreated streptococcal throat

infection. Mitral valve was most commonly involved in the

process of bacterial endocarditis. This finding is similar to

earlier studies performed in Pakistan13 and Saudi Arabia.17

The reason for predominance of the involvement of mitral

valve was that such problems mainly occur in RHD. 

In this study, 45.5% patients were culture-negative. The

same findings have been reported by studies13,14 from

developing countries. Only 5.2% and 18.7% cases of

culture-negative endocarditis were reported by two

studies.10,18 The reason for this high culture-negative ratio

is mainly due to irrational use of antibiotics in developing

countries.

Staphylococcus group of bacteria was mostly involved in

bacterial endocarditis among culture-positive cases.

Similarly, other studies19,20 also confirm that the

Staphylococcus group is mostly involved and a leading

pathogen in bacterial endocarditis. This finding is in sharp

contrast to studies in India14 and Lebanon21 where

Streptococcus was a leading cause of bacterial

endocarditis. This difference is related to the time of the

study since the current study was done at a later time

period. Exact reasons of this change needs advanced

studies and researches as well. 

Empirical antibiotic therapy is started in patients of

suspected endocarditis as soon as possible after taking

the blood sample. The Penicillin in combination with

Gentamicin and Vancomycin in case of Penicillin-allergic

patients are given in empirical therapy to cover the

spectra of both Gram-positive and Gram-negative

bacteria.3 The same treatment was given to patients in

this study. Further, once the causative organism is

identified, definite therapy is started according to

antibiotic susceptibility report. 

Bacteriologic cure rates are high in those patients who

complete their antibiotic course of therapy as Parenteral

Penicillin or Ceftriaxone in Penicillin susceptible

Streptococci for proper duration of time.22 Vancomycin is

used in resistant cases. Streptococcus species show

synergistic effect of Penicillin in combination with

Aminoglycoside. Administration of Penicillin alone is

helpful in patients of Penicillin-susceptible

Staphylococcus aureus. Gentamicin is added in the

therapy for the first three to five days to prevent the

spread of infection and further damage to valves.23 This

study also recommends the administration of Penicillins

or Cephalosporins and Vancomycin for endocarditis due

to Streptococcus and Staphylococcus aureus species. 

Another considerable cause of bacterial endocarditis is

MRSA. It is mostly isolated in cases where prosthetic

valves are present or patient is intravenous (IV) drug user

or in nosocomial endocarditis. Vancomycin is

administered to treat endocarditis due to MRSA.

Daptomycin is a newly approved lipopeptide that is

highly bactericidal against most strains of MRSA if

resistance to Vancomycin develops.24 In this study,

Vancomycin for four to six weeks was administered in

patients of bacterial endocarditis due to MRSA.

A study based on International Collaboration on Infective

Endocarditis Prospective Cohort Study (ICE-PCS) data25

reported that E. coli and P. aeruginosa were also a

common cause of endocarditis; 29% and 14%

respectively. Implanted endovascular devices are main

cause of endocarditis due to bacteria other than

Haemophilus, Actinobacillus, Cardiobacterium, Eikenella

and Kingella species (Non-HACEK). Only 8.4% cases of

bacterial endocarditis due to E. coli and 3.3% cases due to

P. aeruginosa were reported in this study. 

Conclusion
Most patients of endocarditis had RHD and problems

related to mitral valve or aortic valve. Empirical therapy

was effective in most patients. MSSA was the main agent

causing infective endocarditis. Vancomycin showed

excellent in vitro activity against Gram-positive isolates.

Gram-negative bacteria showed better in vitro efficacy

with Ciprofloxacin, Ceftazidime, Piperacillin+Tazobactam,

Tigecycline Amikacin and Co-Amoxiclav than other

antibiotics.
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