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Abstract
Streptococcus agalactiae (group B Streptococcus, GBS) is a pathogen associated with severe diseases 
in newborn and immunocompromised patients. One of the commonly used approaches for GBS 
identification is the CAMP test. It represents enhance of hemolysis when co-cultivating GBS with a 
b-toxin producing strain of S. aureus. In recent years, in addition to false positive results observed 
in other bacterial species, CAMP-negative GBS isolates have also been reported, questioning the 
specificity and sensitivity of the test. CAMP-negative phenotype is characterized by a lack of expression 
or deletion of cfb gene. According to data, the CovR/S regulatory system, β-hemolysin/cytolysin (cylE), 
and C5a protease (scpB) genes are possibly involved in the expression of a CAMP-factor. In our study 
14 strains out of 294 (4.8%) were tested phenotypically negative for CAMP-factor, but positive for cfb 
gene. Among the CAMP-negative isolates the antibiotic susceptibility testing revealed resistance rates 
of 71.4%, 42.9%, and 100.0% for macrolides, lincosamides, and tetracyclines, respectively. Multidrug-
resistant (MDR) isolates accounted for 42.9%. Detected serotypes were Ia (35.7%), III (21.4%), V (21.4%), 
and IV (7.1%). Frequencies of the analyzed virulence factors were as follows: cylE (85.7%) and scpB 
(92.9%). There was no statistical significance regarding antibiotic resistance and the distribution of the 
examined virulence genes between strains with CAMP-positive and negative phenotypes. The current 
study indicated that although the CAMP-test serves as an effective screening diagnostic tool, it is 
crucial to combine it with additional methods to obtain a conclusive microbiological diagnosis of GBS.
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INTRODUCTION

	 Streptococcus agalactiae (also referred to 
as group B Streptococcus, GBS) is a Gram-positive 
encapsulated bacterium with a tendency to arrange 
in chains, non-motile, and non-spore-forming. It is 
a fast-growing, nutritionally fastidious, facultative 
anaerobe, most commonly beta-hemolytic on 
blood agar, but with significantly weaker and 
less pronounced hemolysis than Streptococcus 
pyogenes  (group A Streptococcus ,  GAS). 
Biochemically, GBS is catalase negative, hydrolyzes 
sodium hippurate, and it is resistant to bacitracin.1 
GBS is a pathogen that is of extreme importance 
in the pathology of pregnancy and delivery, the 
leading cause of meningitis and septicemia in the 
neonate.2 The carriage of GBS in the genital system 
of females varies between 11.0% and 30.0% and 
it is more common in pregnant women than in 
non-pregnant ones.3 Almost half of the colonized 
females pass the pathogen on to their newborns.4 
It is also an emerging opportunistic agent in 
immunocompromised individuals.2,5 GBS possess 
a large number of virulence factors, which can be 
divided into adhesion and colonization factors, 
immune evasion factors, toxins, and enzymes.6 
	 The CAMP test, named after the first 
researchers who observed this reaction (Christie, 
Atkins, and Munch-Petersen), is often used 
for microbiological identification of GBS. First 
described in 1944, it shows an arrowhead-
shaped enhancement of beta-hemolysis when 
sphingomyelinidase-secreting S. aureus is 
cultivated on sheep blood agar in adjacent GBS, 
which produces CAMP factor (25 kDa protein). 
Sphingomyelinase converts the sphingomyelin of 
sheep erythrocytes into ceramide, which makes 
them susceptible to the effects of pore-forming 
CAMP factor toxin.7,8 CAMP factor, encoded by the 
cfb gene, is not essential for virulence and does not 
promote adhesion, invasion, or biofilm formation. 
It is considered an important confirmatory test for 
the identification of S. agalactiae that is low cost 
and easy to be performed. But its specificity and 
sensitivity have been questioned.9-11

	 On the one hand, Streptococcus porcinus, 
Streptococcus pseudoporcinus, Streptococcus 
iniae, Listeria monocytogenes, Listeria ivanovii, 
Rhodococcus equi, Pasteurella haemolytica, 
Aeromonas spp., Vibrio spp., Cutibacterium acnes, 

group G streptococci, and others test positive. 
The gene sequence encoding the CAMP factor 
of GAS (cfa) is homologous to the GBS cfb gene 
and it is highly expressed when GAS is incubated 
under 5.0% CO2 in the presence of CaCl2 or MgCl2. 
Analogous genes have been detected in other 
bacteria - Streptococcus uberis, Cutibacterium 
acnes, and Bartonella henselae.8,12-16

	 On the other hand, cases of CAMP-
negative strains detected by polymerase chain 
reaction (PCR) and nucleoid sequencing have 
been reported. This may be due to a defect 
or absence of the cfb gene. In some cases, 
the gene may be intact, but there is low gene 
expression, transcription defects, or low CAMP 
factor activity.10,17-20

	 The production of toxins and adhesion 
factors is regulated by the two-component 
system known as GBS CovR/S (CsrR/S).21 The 
beta-hemolysin/cytolysin is expressed by almost 
all GBS strains. It is responsible for the formation 
of beta-hemolysis on blood agar and protection 
from phagocytes. Its activity is regulated by the 
cylE gene.22 Streptococcal C5a protease (ScpB) 
is a surface protein with enzymatic activity 
that belongs to the family of serine proteases. 
It is involved in the inactivation of one of the 
components of complement C5a (chemotactic 
factor for phagocytic cells), a product of the action 
of C5a convertase.23 Capsular polysaccharides 
promote the formation of biofilms while reducing 
the efficacy of phagocytosis and the complement 
system. Due to the different antigenicity of the 
capsular polysaccharides, 10 serotypes (Ia, Ib, 
II-IX) are known. While serotypes Ia, V, and III are 
more common in invasive infections in adults, 
serotype III is considered to be the most virulent, 
frequently identified as a prevalent cause of late-
onset meningitis in neonates.24,25 Inactivation 
of the genes associated with CovR/S (CsrR/S) 
regulatory system leads to a significant increase 
in the production of beta-hemolysin/cytolysin 
and C5a protease, a significant decrease in the 
production of CAMP factor and no change in the 
production of capsular polysaccharides.26

	 The aim of the study was to identify 
the CAMP-negative GBS isolates, to determine 
the genetic determinants associated with the 
regulation of CAMP factor, as well as antibiotic 
susceptibility of these isolates. This will help 
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in monitoring the emergence and spread of 
phenotypically CAMP-negative GBS isolates, 
leading to diagnostic difficulties.

MATERIALS AND METHODS

Sample collection
	 As part of routine diagnostics, a total of 
294 GBS isolates were obtained from inpatient and 
outpatient patients. The specimens were collected 
between September 2021 and November 2024 
from three Bulgarian hospitals. Among these, 14 (n 
= 14) strains were presented with CAMP negative 
phenotype (4.8%). The age range of this group 
of patients was between 21 and 57 years. All the 
materials were vaginal swab samples, collected 
from pregnant (35.7%) and non-pregnant women 
(64.3%) with clinical signs of genital infection. 
The samples were delivered to the laboratory in 
transport nutrient media, accompanied by smears 
on glass slides, and subsequently microbiological 
analyses were performed systematically. Every 
patient provided written informed consent.

Bacterial strains
	 All strains suspected to be GBS were 
tested with conventional biochemical methods, 
CAMP-test, latex-agglutination test (PathoDxtra 
Strep Grouping Kit ThermoScintific, Oxoid, UK) and 
if necessary, with Crystal GP (Becton Dickinson, 
Kelberg, Germany). GBS strains were stored in 
skim milk at -70 °C and were sub-cultured three 
times on Columbia agar (Becton Dickinson, 
Kelberg, Germany) with 5.0% sheep blood for 
18-24 h at 35 °C in 5.0% CO2 atmosphere before 
the antibiotic susceptibility testing and other 
tests. Streptococcus pneumoniae ATCC 49619, 

Staphylococcus aureus ATCC 25923, S. agalactiae 
ATCC 13813, and Enterococcus faecalis ATCC 29212 
were used as control strains according to the 
EUCAST 2025 guidelines and previous studies.27

CAMP test
	 Initially, S. aureus (ATCC 25923) was 
streaked in the middle of the blood agar. 
Perpendicularly about 1 mm to the first strip, 
we inoculated S. agalactiae (ATCC 13813) and E. 
faecalis (ATCC 29212), which served as positive 
and negative controls. The tested samples were 
placed adjacent to S. aureus in the same manner. 
The blood agar was then incubated at 35-37 
°C for 18-24 h. An arrowhead-shaped increase 
in beta-hemolysis between S. aureus and the 
sample indicated a positive CAMP reaction. The 
described phenomenon was not present in the 
CAMP-negative samples.

Antimicrobial susceptibility testing
	 Antibiotic susceptibility testing to 
erythromycin, clindamycin, and tetracycline 
was performed by determining the minimum 
inhibitory concentration (MIC) using E-tests 
(Laboratories Pvt. Ltd., India). The MICs of 
penicillin G and vancomycin were determined 
using a broth microdilution test (MIKROLATEST® 
MIC, Erba Lachema s.r.o., Czech Republic). For 
interpretations of the results of antibiotic testing, 
EUCAST recommendations were used (EUCAST 
2025).27

DNA extraction
	 DNA extraction was performed using an 
extraction kit (DNA-Sorb-A DNA extraction kit, 
Sacace Biotechnologies Srl, Italy) according to the 

Table 1. Primer sequences and amplification conditions for the detection of GBS virulence genes

	 Primer sequence (5'→3’) 	 Product	 Annealing	 Ref.
		  size (bp)	 temp. (°C)

cfb	 F   TGGTAGTCGTGTAGAAGCCTTA	 370	 58	 30
	 R   TCCAACAGCATGTGTGATTGC
cylE	 F   TGACATTTACAAGTGACGAAG	 268	 55	 31
	 R   TTGCCAGGAGGAGAATAGGA
scpB	 F   ACAATGGAAGGCTCTACTGTTC	 255	 60	 31
	 R   ACCTGGTGTTTGACCTGAACTA
F: Forward primer, R: reverse primer
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manufacturer’s instructions. All DNA extracts were 
stored at -70 °C before being used in experiments.

Detection of genetic profiles
	 All collected GBS strains were confirmed 
by PCR using forward and reverse primers STRA-AgI 
and II, which target the 16S to 23S rRNA intergenic 
spacer region.28 We used previously described 

primer sequences for the identification of 
macrolide, lincosamide, and tetracycline resistance 
genes as well as the capsular serotypes.29 For 
cfb gene amplification, we used the methods 
described by Zhou et al.30 The primer sequences 
for the virulence factors examined in this study 
are listed in Table 1.30,31 The reaction conditions for 
conventional PCR were initial denaturation at 95 

Table 2. Distribution of tested virulence factors among CAMP-negative and CAMP-positive GBS isolates

Factors of	 CAMP-	 CAMP-	 Total	 p-value* 
virulence	 negative 	 positive	 number	 (CAMP-negative/
	 (n = 14)	 (n = 280)	 (n = 294)	 CAMP positive)

cfb	 14 (100.0%)	 280 (100.0%)	 294 (100.0%)
cylE	 12 (85.7%)	 250 (89.3%)	 262 (89.1%)	 0.655
scpB	 13 (92.9%)	 261 (93.2%)	 274 (93.2%)	 1

* a p-value <0.05 is considered statistically significant

Figure 1. (A), (B) and (C) Examples of CAMP-negative GBS isolates. S. agalactiae (ATCC 13813) and E. faecalis (ATCC 
29212) served as positive and negative controls. CAMP-positive isolates are also presented
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°C for 5 min, followed by 30-35 cycles consisting 
of denaturation at 95 °C for 30 sec, annealing for 
30 sec, and elongation at 72 °C for 1 min; final 
elongation at 72 °C for 5-10 min. For the PCR 
reaction and interpretation of the result using gel 
electrophoresis (2.0% agarose), we used prime 
Taq premix 2x (Genet Bio, Daejeon, South Korea) 
and GelRed nucleic acid gel stain (Biotium, San 
Francisco, USA).

Statistical analysis
	 Statistical analyses were carried out with 
IBM SPSS Statistics for Windows v19.0 (IBM Corp., 
Chicago, IL, USA). Fisher’s exact test was used.  
A p < 0.05 was considered statistically significant. 

RESULTS

	 14 strains out of 294 (4.8%) tested 
phenotypically negative for the CAMP factor but 
positive for the cfb gene (Figures 1 and 2). 

	 The frequencies of the other analyzed 
virulence factors in the CAMP-negative isolates 
were: cylE (85.7%) and scpB (92.9%), and three 
isolates testing positive for these two factors 
showed significant beta-hemolysis (Table 2). 
Detected serotypes were Ia (35.7%), III (21.4%), 
V (21.4%), and IV (7.1%). Two strains were non-
typeable. 
	 A l l  CAMP-negat ive  stra ins  were 
susceptible to penicillin and vancomycin, while 
resistance to macrolides, lincosamides, and 
tetracyclines was 71.4%, 42.9%, and 100.0% 
respectively (Table 3). Multidrug-resistance (MDR) 
strains that were not susceptible to three or more 
classes of antibiotics accounted for 42.9%, and 
all CAMP-negative serotype III isolates belonged 
to this group. The main genetic profiles of the 
tested antibiotic resistance genes were: ermA/
TR+tetM, ermA/TR+ermC+tetM, ermB+tetM and 
mefA+msrD+tetM (Table S1 and Figure 3).

Table 3. Distribution of antibiotic resistance among CAMP-negative and CAMP-positive GBS isolates

Antibiotics	 CAMP-	 CAMP-	 Total	 p-value* 
	 negative 	 positive	 number	 (CAMP-negative/
	 (n = 14)	 (n = 280)	 (n = 294)	 CAMP positive)

Penicillin	 0	 0	 0
Erythromycin	 10 (71.4%)	 169 (60.4%)	 179 (60.9%)	 0.577
Clindamycin	 6 (42.9%)	 70 (25.0%)	 76 (25.9%)	 0.206
Tetracycline	 14 (100.0%)	 246 (87.9%)	 260 (88.4%)	 0.383

* a p-value <0.05 is considered statistically significant

Figure 2. Gel electrophoresis (2.0% agarose) of the amplified cfb gene from 14 CAMP-negative isolates. Molecular 
weight marker 100-1000 bp DNA Ladder (Meridian Bioscience, USA) was used, followed by one negative control 
and positive results for cfb gene of tested isolates
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	 There was no statistical significance 
regarding antibiotic resistance and the distribution 
of the examined virulence genes between strains 
with CAMP-positive and negative phenotypes  
(p > 0.05) (Tables 2 and 3).

DISCUSSION

	 In our study, all CAMP-negative isolates 
were positive for the cfb gene but showed no 
phenotypic expression during testing. Similar 
results have been reported by other authors.10,18 In 
contrast, in other studies, most isolates examined 
showed a deletion of the entire gene, while others 
reported deletion of parts of the gene.19,20,30,32 The 
common characteristic in the aforementioned 
cases is that there was no increase in beta-
hemolysis between the control strain S. aureus 
and the isolates that were examined, leading to 
negative CAMP results.
	 According to previous studies CAMP-
test was reported as a reliable method for the 
identification of GBS and even amplification of the 
cfb gene was selected for rapid identification of 
GBS in clinical samples.33-36 In recent years, there 
have been increasing reports of CAMP-negative 
GBS isolates, which contradicts the generally 

assumed ubiquitous distribution of the CAMP 
factor.10 In the present study, 4.8% of examined 
strains were CAMP-negative. Zhou et al., whose 
amplification protocol was used in the current 
study, found that 7.9% of samples had no gene 
expression.30 In a recently published study by Lai et 
al., the CAMP-negative rate was found to be 3.6%. 
Although this rate is lower than our own findings, it 
is still considerably higher than the 1.0% previously 
documented in the literature.32 This indicated that 
the CAMP test method and primers that target the 
cfb gene shouldn’t be the only presumptive test 
used to identify GBS.30

	 Not all S. aureus strains are suitable for the 
CAMP test, leading to false negative results. The 
production of b-toxin encoding sphingomyelinase 
is observed in almost all strains of S. aureus; 
however, this toxin becomes inactive due to the 
integration of mobile genetic elements into its 
encoding gene. As a result, it has been reported 
that most strains do not produce b-toxin, and its 
synthesis is specifically identified in particular 
lineages.37,38 In the present study, we used a control 
strain of S. aureus, which produces b-toxin and 
thereby exhibits a positive CAMP test when co-
cultivated with GBS. Some authors have proposed 
that Staphylococcus pseudintermedius serves as a 

Figure 3. Gel electrophoresis (2.0% agarose) of the amplified gene determinants for the identification of macrolide, 
lincosamide, and tetracycline resistance. Molecular weight marker 100-5000 bp DNA Ladder Extended (Carl Roth 
GmbH, Germany) was used
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reliable alternative of S. aureus in CAMP-test, as it 
produces b-toxin.39,40 Some bacterial species also 
produce CAMP or CAMP-like factors, leading to 
false positive tests. Important examples of these 
are GAS and L. monocytogenes. In differential 
consideration, L. monocytogenes is the third most 
common cause of neonatal meningitis after GBS 
and E. coli.41,42 Importantly, L. monocytogenes 
is not susceptible to cephalosporins, a common 
choice of empirical treatment for bacterial 
infections.42 GAS produced stronger and more 
pronounced hemolysis than GBS.1 However, in 
the current study, three CAMP-negative isolates 
showed significant beta-hemolysis with positive 
cylE and scpB genes in accordance to the results 
reported by Jiang et al.26

	 In two studies conducted in China 
involving CAMP-negative isolates, the rates of 
antibiotic resistance were found to be lower in 
CAMP-negative isolates compared to CAMP-
positive isolates; however, there was no statistical 
significance, except for the distribution of 
tetracyclines in one of them.30,32 Additionally, 
all strains reported by Lai et al. were identified 
as serotype III.32 In the current study, despite 
the lack of statistical significance, the resistance 
rates to the antibiotics examined was higher in 
the CAMP-negative compared to CAMP-positive 
isolates by 11.0%, 17.9%, and 12.1%, respectively. 
Furthermore, all CAMP-negative serotype III 
strains were MDR, which is substantial because 
this serotype is the most virulent and a common 
cause of neonatal meningitis.24 This result 
highlights the emergence of resistance among 
isolates, which could be incorrectly diagnosed, 
leading to difficulties in management of severe 
infections. The probable explanation for the lack of 
significance in the distribution of CAMP-negative 
isolates is that the CAMP factor is not essential for 
virulence. These observations are supported by 
studies conducted on CAMP-negative isolates.9,30,32

	 Rosa-Fraile et al. presented a comparison 
between different methods for GBS detection 
according to relative sensitivity and specificity.36 
DNA sequencing was rated with the highest 
results. Unfortunately, this method is time-
consuming and not available for routine diagnosis. 
Another method with high specificity is the use of 
Granada-type medium. It differentiates based on 

the hemolysis of GBS and cylE gene expression.36 
In our study, two CAMP-negative strains were 
nonhemolytic and cylE-negative. This leads to 
additional difficulties in the microbiological 
interpretation of the results. The CAMP test is an 
effective screening tool and often serves as a first 
line of diagnosis, however, only a combination of 
all routine tests can definitively establish the final 
diagnosis.

CONCLUSION

	 In the present study, CAMP-negative 
isolates accounted for 4.8%, including serotype 
III MDR strains. Moreover, some of those isolates 
exhibited atypical hemolysis, which posed further 
diagnostic challenge. We examined the genetic 
determinants associated with the regulation of 
CAMP factor, as well as antibiotic resistance, which 
would facilitate the monitoring of phenotypically 
CAMP-negative GBS isolates. We concluded that 
the CAMP test is exclusively a screening tool and 
should be combined with other tests to achieve 
a definitive diagnosis of GBS, which is especially 
important for pregnant women. 

SUPPLEMENTARY INFORMATION
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