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Abstract
Streptococcus agalactiae, is the main aetiological agent of early neonatal sepsis in developed countries 
transmitted from pregnant women.Twenty Streptococcus agalactiae isolate collected from Vagina of 
pregnant women . All isolates were identifi ed by routine methods , automated mehods and molecular 
method using 16S rRNA . All isolates gave a positive test result for CAMP tset, which is considered a 
differential test between Streptococcus species. β-hemolytic streptococci are

important human pathogens. GBS appeared decreasing in susc eptibility to penicillin with resistance 
ratio 15 % in Anbar city using disk diffusion agar method in the current study. Streptococcus 
agalactiae showed also resistant to Tetracycline (82%) , Clindamycin (60%) , Erythromycin (55%), 
chloramphenicol (40%) , Cipro (5%), Imipenem (0%) . Salicylic acid (SAL) reduced biofi lm 
formation in Streptococcus agalactiae at statistical signifi cance less than 0.001 compared with 
other materials .

Salicylic acid exhibited synergistic effect when combination by checkerboard technique with 
penicillin against Streptococcus agalactiae with activity fractional inhibitory concentration 
index 0.41897. 
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Introduction

Streptococcus agalactiae is the most common 
cause of human neonatal infections. It is a signifi cant 
cause of disease in pregnant women and seniors 
with underlying diseases such as diabetes or 
immunosuppression[1]. The organism colonizes 10–
40% of pregnant women and is part of the gut and 
genital tract’s natural fl ora. In adults and pregnant 
women, GBS can cause urosepsis, chorioamnionitis, 
endometries, pneumonia, skin and soft tissue 
infections. GBS causes newborn sepsis, diarrhea 
and meningitis[2][3].
infections. GBS causes newborn sepsis, diarrhea 

However, human pathogenicity 
was not identifi ed until 1938, when three reports of 
fatal post-partum infection were reported, Lancefi eld 
described GBS vaginal colonization for asymptomatic 

women [4][5]. Streptococcus agalactiae are considered 
to be susceptible in vitro to penicillin, although 
decreased susceptibility of penicillin was observed 
in Japanese isolates, which was considered to be 
secondary to reduced 2X expression of penicillin-
binding protein (PBP). The fi rst-line treatment for 
invasive GBS in adults is penicillin G[6]. In 2008, 
Kimura et al. published fi rst GBS strains with reduced 
susceptibility to penicillin. Further studies have 
confi rmed that this decreased resistance is caused by 
mutations in the areas of penicillin-binding protein 
(PBP)[7] . Bacterial biofi lms are complex organisms 
that adhere to biotic or abiotic surfaces, mono- or 
multi-microbial. The development of biofi lms can 
be divided into several phases: The maturation and 
dispersion of the attachment as shown in Figure 1[8].
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The largest metabolite of aspirin in vivo, salicylic 
acid, has been shown  to interact with virulence factors 
in several viruses, including respiratory syncytial 
virus and HIV-1 transcriptional stage [9][10]. Aspirin, 
once ingested, becomes salicylic acid (SAL), the 
metabolite responsible for human anti-inflammatory, 
antipyretic, and antithrombotic properties[3]. We have 

recently shown that SAL strongly promotes S. aureus 
biofilm formation regardless of methicillin sensitivity 
or clonal genomic properties[11][12]. The current study 
aimed to isolate penicillin

-resistant Streptococcus agalactiae and know 
activity Salicylic acid against Streptococcus 
agalactiae.

Figure 1 : Biofilm formation Steps in pathogenic bacteria cited by[35]

Materiales and Methods

Samples collection and bacterial diagnosis 

The samples were taken from pregnant women 
vagina under aseptic condition . Twenty GBS clinical 
strains isolated from patients admitted to a Ramadi 
hospital in Anbar city of Iraq, during January–April 
2020.

Identification of Streptococcus agalactiae: 

Bacteria growing was diagnosed according to the 
protocol described in

[13] which includes morphological and microscopic 
examination and then confirmed with biochemical 
testes, automated test using Vitek-2 system , CAMP 
reaction and polymerase chain reaction based on 16S 

rRNA

CAMP reaction : 

As previously described, isolates were tested for 
CAMP operation [14]. To summarize, the beta-toxin 
producing strain S. aureus ATCC2522 was streaked 
on 5% sheep blood agar Tryptic soy plates.

Antibiotics susceptibility test of GBS 

GBS antimicrobial resistance was measured 
using the disk diffusion method (Kirby-Bauer), 
as recommended by CLSI[9]. Clinical isolates 
were susceptible to seven different antibiotics, 
n d a m y c i n , C h l o r a m p h e n i c o l , T e t r a c y c l i n e , 
Erythromycin, Imipenem ,  Ciprofloxacillin, and 
Penicillin (Oxoid comp., UK).
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Molecular Methods: 

DNA was extracted by using WizardR Genomic DNA Purification Kit (Promega ; USA) according to 
manufacturer instructions. DNA concentration and purity were measured using a Nano-drop device . These 
primers were synthesized by Macrogen Co. ; Korea table 1. Full reaction of traitional PCR as shown table 2. 
The PCR was carried out in a 25-μL volume (containing master mix [12.5 µL], yellow and blue loading dye, 
and 2.5 µL of primer, 5 µL of the target DNA (10 ng), and nuclease-free water (2.5 µL). 

Table1 : Sequence of 16 S rRNA. 

Gene Sequence (5’ to 3’) Product size Ref.
GenBank

accession number

16
S

rR
N

A

F : CGCTGAGGTTTGGTGTTTACA

405 [15] 2353759

R : CACTCCTACCAACGTTCTTC

Preparation of Pharmaceutical Compounds : 

One tablet of capecitabine was dissolved in 200 ml of warm water [16] , 200 mg Ibuprofen tablets were 

dissolved in the pH 7.2 100 ml phosphate buffer[17] 
. salicylic acid dissolved in water with sodium 
bicarbonate[18].

Determination of minimum inhibitors 
concentration : 

Resazurin microtitre-plate assay (REMA) 
measured the minimum inhibitory concentration 
(MIC) antibiotic solutions with simple changes. 
Under aseptic conditions, 100 µl BHI broth which 
was contains 100 µl of capecitabine , Ibuprofen , and 
salicylic acid (separately) adding to the first row 
which containing 100 μl of BHI broth, and transfer 
100 µl from the first row were transferred to the 
second row of the 96 well plates.

The material testing was conducted with a serial 
dilution of 100 µl, and then added 10 μl of bacterial 
suspension containing (108 CFU / ml) to each well. 

Biofilm formation : 

Production of biofilm was measured using 
qualitative and quantitative 

assays, defined by Marques et al. Streptococcus 
agalactiae isolates were transferred to blood agar 
at 35°C for 24 hr [3] . The grown colonies were 
inoculated into tryptic soy broth (TSB) and studied 
chemicals (ibubrofen , salisylic acid, capecitabine ) 
against biofilm development .

Synergism between penicillin and salisylic 
acid using chechkerboard technique :

The possible presence of synergy interaction 
between the salisylic acid and penicillin was 
tested by the checkerboard method in 96 well 
microplates [19].

Statistical Analysis 

Graph pad prism 8.0 was used in data analysis 
of this study . Paired T- test was used to analyze 
before and after treatment biofilm with ibubrofen , 
capecitabine , salicylic acid.
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Results and Discussion

Isolation and Identification : 

Streptococcus agalactiae appeared as glistening gray-white colonies with a narrow zone of beta 
hemolysis , When Streptococcus agalactiae isolates were cultured on Sheep Blood agar , while they 
appeared as orange coloured colony on grnada agar . Results of gram 

Figure 2 : Morphological and microscopic examination of Streptococcus agalactiae . 
A: -Streptococcus agalactiae under microscope , B,D :

-Streptococcus agalactiae on grnada agar , C : -Streptococcus agalactiae on

CAMP confirmation Test : 

CAMP test is used for the presumptive 
identification of group

B beta-hemolytic streptococci, Streptococcus 
agalactiae. All isolates gave positive result with ratio 
100%. As shown figure (3).

Although the CAMP factor lacks enzymatic 
activity, studies have shown that monomers can 
bind and oligomerize membrane components, 

most notably glycosylphosphotidylinositol (GPI)-
anchored proteins, forming a pore in the erythrocyte 
membrane[20]. According to the Koch postulates, 
Classification of the CAMP factor as a virulence factor 
remains controversial, as some authors have shown 
that injection of purified CAMP factor may increase 
rabbit and mouse mortality, whereas others have 
shown that deletion of the CAMP factor encoding 
gene (cfb) does not affect GBS pathogenicity [21]. 
Due to the widespread existence of the cfb gene in 
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GBS strains, the CAMP test or PCR check for the cfb gene was commonly used to differentiate GBS from other 
Streptococcus species [22]. 

Figure 3 : CAMP test , A: Streptococcus agalactiae , B : positive result , C: S. aureus ATCC2522

Antimicrobial resistance testing of GBS : 

According to figure 1 , results of disk diffusion for appeared that there are resistance to Tetracycline 
(82%) , Clindamycin (60%) , Erythromycin (55%) , chloramphenicol (40%) , penicillin (15%) , Cipro (5%) , 
Imipenem (0%) . figure 4, 5. 

Figure 4 : Antibiotics disk ratio for Streptococcus agalactiae
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However, since penicillin-resistant GBS strains have been discovered in various parts of the world, including 
the United States of America [23], Africa [24], Colombia [24], Japan [25], Central Italy[26], Scotland[27], and Canada 
[27], Whether these resistance phenotypes are caused by spontaneous mutations acquired independently by 
some GBS strains, or by β-lactam-resistant GBS clones, or both, remains unresolved.

Figure 5: Disk diffusion of Streptococcus agalactiae on Blood agar 

In Japan, the prevalence is high, at 2.3 percent 
in the period 2005–2006. Between 2012 and 2013, 
it increased to 14.7 percent. The above GBS with 
decreased penicillin susceptibility (PRGBS) were 
also multidrug resistant (MDR), with 71.1 and 95.6 
percent resistance to erythromycin and levofloxacin, 
respectively, and 68.9 percent resistance to both 
antibiotics [28]. As a result, the spread of PRGBS with 
a proclivity for MDR has accelerated in Japan. The 
majority of PRGBS isolates were recovered from 
respiratory samples of elderly patients, while others 
were recovered from invasive samples of neonates 
and adults, according to Swedish and Japanese 
reports, but with only three PRGBS isolates in total 
[29].

In gram-positive bacteria, penicillin resistance 
is primarily caused by the development of altered, 
low-affinity target enzymes called penicillin-

binding proteins (PBPs), which catalyze the 
terminal stage of bacterial cell wall peptidoglycan 
synthesis. The catalytic core of PBPs is formed by 
three conserved motifs, SXXK, SXN, and KT(S)
G, which are frequently found in transpeptidase 
domains; and mutations inside or adjacent to these 
motifs are associated with their decreased affinity for 
β-lactams[30].

PBP2X and PBP2B both contain several amino 
acid substitutions. These mutations are associated with 
their penicillin minimum inhibitory concentrations 
(MICs). Recently, it was confirmed that GBS immune 
to ceftibuten but susceptible to penicillin was caused 
by amino acid substitutions in PBP2X.[31].

Molecular diagnosis of  All isolates gave 
apositive result for 16S rRNA as Streptococcus 
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Figure 6 : Molecular diagnosis of Streptococcus agalactiae uing 16S 

Conclusion

In current work , salicylic acid(SAL) is suitable 
alternative agent against bacterial infection and 
anti-biofilm approach. The findings revealed that a 
significant percentage of GBS strains were immune 
to the most effective antibiotic. Given the increasing 
likelihood of finding penicillin-/ampicillin-resistant 
strains in the last period .In the fact that, Clinadamycin 
and erythromycin used in treatment streptococcus 
infection unstead of β-lactam antibiotics because of 
high resitance against this it. 
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