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Bacterial typing is the process of distinguishing between different strains, it is essential for epidemiology, identifying source of infec-
tion and guiding treatment. This study aimed to detect the biotypes and genotypes for seven strains of Cutibacterium acnes obtained from 
the University of Mosul, already isolated from individuals with acne vulgaris in Mosul city (Iraq) and diagnosed by the molecular method 
based on 16S rRNA gene. Accuracy in biotyping depended on which type of the sugar (ribose, erythritol and sorbitol) was consumed by 
C. acnes, each sugar was placed separately in culture media with 1% concentration in the presence of phenol red to detect sugar fermenta-
tion. The C. acnes isolates were cultured anaerobically for 3 days at 37 ºC. The results showed that four biotypes (I, III, IV  and V) 
emerged in our isolates indicated by the change in color of the medium from orange to yellow depending on the fermentable sugar. The 
distribution percentage of bacteria among these biotype was dominated by the V biotype (42.8%), while the III biotype was percentage 
(28.6%) and the I and IV biotypes each took up a lesser percentage (14.3%). It is worth mentioning that the II biotype didn’t appear at all 
in any of the isolates. For genotype, it was based on genes (16s rRNA, ATPase, atpD, Toxin Fic family, recA, and soda), DNA was ex-
tracted and special primers were used, then they were amplified by PCR technique, after electrophoresis, the resulting bands showed that 
the seven isolates of C. acnes were distributed into two genotypes only. One of them is I A2 which the isolate CS6 belonged to, another 
genotype is a new one- it is worth noting that it is prevalent in six isolates out of seven, and contains (16s rRNA, ATPase, atpD, recA, and 
sodA) genes, and because it is a new genotype that was unique to our isolates in this study, we called it IV genotype. The conclusion of this 
study is that the biotyping and genotyping of C. acnes differed from other typing in another countries, therefore, caution should be exer-
cised in using the appropriate treatment depending on the prevailing condition in the country and not adhering to what is known theoreti-
cally regarding the causes of infections.  
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Introduction  
 

Acne vulgaris is a chronic inflammation affecting the pilosebaceous 
unit, which often starts around adolescence, and is caused by the gram-po-
sitive bacteria named Cutibacterium acnes. Because of the potential cen-
tral role of C. acnes in acne, emerging key elements related to its genomic 
and phenotypic heterogeneity open the way to deeply explore the role of 
its different phylotypes in acne development, and provide new insights on 
the cellular physiology underlying this pathogenesis (Scholz & Kilian, 
2016).  

To track bacterial outbreaks in healthcare facilities, germs must be 
identified and differentiated beyond species level, a process known as bac-
terial typing (Schürch et al., 2018). Typing is a method of microbial cha-
racterization used to distinguish between strains of a bacterial species, bac-
terial strain typing is a critical component of epidemiological surveillance 
and investigation, strain typing can confirm epidemiological links in dise-
ase outbreaks and provide insights into the dynamics of the bacterial popu-
lation (de Filippis, 2022). There are many typing techniques that have 
been adopted such as: antibiotics sensitivity, biotyping, phage typing, bac-
teriocin typing, protein typing, serotyping, and multi locus enzyme elec-
trophoresis (MLEE), genotyping and whole genome sequence etc. (Nut-
man & Marchaim, 2019; Sharma et al., 2020; Karlsen et al., 2023). The 
increasing cost of molecular techniques is one of the biggest barriers to 
their use, but at the same time, they are considered the most accurate of all 
the techniques (Aboulela & El-Soudany, 2023). Several studies have 
examined different molecular typing techniques including multi locus 
variable number-tandem repeat analysis, whole genome multi locus sequ-
ence typing and core genome single nucleotide polymorphism (Rumore 

et al., 2018; Gateau et al., 2019; van Alphen et al., 2021). Higaki (2003) 
divided the C. acnes into five biotypes: I, II, III, IV or V depending on the 
results of sugar fermentation test for sorbitol, ribose, and erythritol. Further 
more,  C. acnes can be classified into a number of genotypes, designated 
types IA1, IA2, IB, IC, II and III, which appear to display differences in 
their association with specific types of infections (Barnard et al., 2015).  

According to previous studies, fermentation tests can be utilized for 
biotyping (Higaki et al., 2004) while using multiplex polymerase chain 
reaction (PCR) for genotyping (Lomholt & Kilian, 2010). In view of the 
above mentioned importance of this topic and the benefits to be gained in 
determining the epidemiology and control of bacteria, and also due to the 
insufficient information regarding typing of C. acnes, especially locally in 
Mosul city, the aim of this research is to investigate the predominate bio-
type and genotype in seven strains of C. acnes isolated from acne vulgaris 
in Mosul city.  
 
Materials and methods  
 

Seven strains of C. acnes named (CS1, CS2, CS3, CS4, CS5, CS6 
and CS7) studied previously molecularly by 16s rRNA gene were obtained 
from Department of Biology, College of Science, University of Mosul.  

In order to find out which biotype of C. acnes is prevalent in skin in-
fection in Mosul, Zhang’s method was followed with some modifications, 
determining of the biotyping was achieved by preparing the basal medium 
(urea agar base) supplemented with Tween 80 (25 μL per 100 mL) and 
vitamin K (1 mg per 100 mL). One of the three sugars (ribose, erythritol 
and sorbitol) was added separately in concentration (1 g of carbohydrate 
per 100 mL). A color – fermenting regent (phenol red) was placed in the 
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medium with a concentration 0.025 g/L to indicate the fermentation of the 
sugar by bacteria. Finally, the pH was fixed to 7. Cutibacterium acnes 
strains were cultured and incubated anaerobically in jar with gas pack 
(Microxpress, Spain) to provide anaerobic condition at 37 ºC for 3 days 
(Zhang et al., 2019).  

If the strain fermented all sugars, then it will belong to the first (I) bio-
type, If the strain ferments ribose and erythritol, it will belong to the 
second (II) biotype, if the strain ferments ribose and sorbitol only, it will 
belong to the third (III) biotype, if the strain ferments only ribose, it will 
belong to the fourth (IV) biotype, finally if the strain does not ferment any 
of three sugar, it will belong to the fifth (V) biotype.  

In order to conduct genotyping of the our seven local strains of 
C. acnes to know their genetic origin, or at least the degree of relatedness 
of their epidemiology in our society, six genes were dependent: 16s rRNA 
ATPase, atpD, Toxin, Fic family, recA, and sodA gene were tested. These 
genes were detected using their primers provided by (Macrogene, Korea) 
as their sequences shown in Table 1 depended on the Barnard et al. (2015).  

Table 1  
The sequence of genotyping primers and their genes size  

Primers 
name Primers sequence (5'-3') Genes  

size, bp 

16s rRNA F-AGAGTTTGATCMTGGCTCAG 
R-AAGGAGGTGATCCARCCGCA 1495 

ATPase F-GCGTTGACCAAGTCCGCCGA 
R-GCAAATTCGCACCGCGGAGC 494 

atpD F-TCCATCTGGCCGAATACCAGG 
R-TCTTAACGCCGATCCCTCCAT 351 

Toxin, 
Fic family 

F-AGGGCGAGGTCCTCTTCTACCAGCG 
R-ACCCTCCAACTGCAACTCTCCGCCT 305 

recA F-GCGCCCTCAAGTTCTACTCA 
R-CGGATTTGGTGATAATGCCA 225 

sodA F-CGGAACCATCAACAAACTCGAA 
R-GAAGAACTCGTCAATCGCAGCA 145 

 

DNA was extracted using DNA extraction kit (Geneaid, Taiwan) fol-
lowing the steps recommended by the manufacturing company. The con-
centration and purity of DNA were measured using Nano drop device 
(Biodrop, England).  

Thirty Microleter reaction mixtures were prepared, containing 2.0 μL 
(< 250 ng) of DNA, 15 µL of Green Master Mix (1X) (Promega, USA), 
all primers were placed in a PCR tube in volume 1 μL from each one as 
shown in the (Table 2).  

Table 2  
Reaction mixture of multiplex PCR with final concentration  

Components Volume in μL Final concentration 
DNA sample 2 <250 ng 
16s r RNA primer  2 (1 Reverse + 1 Forward) 0.3 μM 
ATPase primer 2 (1 Reverse + 1 Forward) 0.3 μM 
atpD primer 2 (1 Reverse + 1 Forward) 0.3 μM 
Toxin, Fic family primer 2 (1 Reverse + 1 Forward) 0.3 μM 
recA primer 2 (1 Reverse + 1 Forward) 0.3 μM 
sodA primer 2 (1 Reverse + 1 Forward) 0.3 μM 
Master mix (2X) 15 1X  
Nuclease free water 1 – 
Total volume 30 – 

 

The amplification program was carried out following (Barnard et al., 
2015), then optimization for annealing temperature were changed from 66 
to 60, to 58, lastly 55 ºC was the degree needed to obtain the typical result. 
Subsequently and multiplex PCR program for 16s rRNA ATPase, atpD, 
Toxin, Fic family, recA, and sodA genes was set as follows: initial denatu-
ration at 94 °C for 1 min followed by 35 cycles of amplification including 
a denaturation step at 94 °C for 45 s, annealing at 55 °C for 45 s and exten-
sion at 72 °C for 1 min. A final extension step was set at 72 °C for 3 min. 
The amplification was done by thermos cycler (Humburg, Germany).  

Agarose gel electrophoresis of PCR products was accomplished for 
16s rRNA (1495bp) ATPase (494 bp), atpD (351 bp), recA (225bp) and 
sodA (145 bp) genes on the 2% of agarose at 60 v in 60 minutes, after that 
the UV-Transilluminator (Muv 21-312, Taiwan) apparatus was used to 
view the bands.  

Results  
 

After anaerobic cultivation of C. acnes in the medium prepared con-
taining single type of sugars with neutral acidity (pH = 7), our local strains 
of C. acnes had different biotypes distributed to four biotypes (I, III, IV 
and V) as revealed in Figure 1 these results relied on the changing of the 
medium’s color from orange to yellow due to the sugar ferment type that 
was added in the medium. However, the biotype II was not revealed 
among our local strains.  

  
Fig. 1. Four biotype of local seven strains of C. acnes  

Although the number of isolates is small, the percentage of biotypes 
was calculated as shown in Table 3 based on Figure 1 where three strains 
of C. acnes belong to fifth biotype, two strains belong to third biotype, one 
isolate for each first biotype and fourth biotype.  

Table 3  
Biotyping patterns of C. acnes strains  

Biotype I  II III IV V 

Strains of C. acnes CS6 (not  
found) 

CS2 
CS3 CS5 

CS1 
CS4 
CS7 

Biotype percentage 14.3% 0 % 28.6% 14.3% 42.8% 
 

After the investigation of genes approved for genotyping of the local 
strains of C. acnes, which are: 16s rRNA, ATPase, atpD, Toxic Fic family, 
recA, and sodA, only two genotypes were obtained, one of theme is I A2 
genotype.  

The electrophoresis revealed the presence of fluorescent bands be-
longing to all genes for six strains of C. acnes except the gene (Toxic Fic 
family) which didn’t appear in any strain at all.  

The C. acnes CS6 showed a difference from the rest of the strains in 
that it contained only three genes: 16s rRNA, ATPase and soda, depen-
ding on standard ladder. Figure 2 demonstrates the bands closed approxi-
mately to 145, 225, 351, 494, 1495 bps for six strains belong to sodA, 
recA, atpD, ATPase, 16s rRNA respectively, and only 145, 494, 1495 bps 
for the C. acnes CS6 belong to sodA, ATPase, 16s rRNA respectively.The 
band with molecular weight 305 bp belonging to (Toxic fic family) gene 
did not appear in all strains.  
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Fig. 2. Agarose gel electrophoresis of PCR products for 16s rRNA, ATPase, atpD, recA and sodA genes on the 2% of agarose  

at 60 v in 60 minutes: M – standard ladder, wells from CS1–CS7; our local strains of C. acnes while IA2 and IV represent genotype  

Discussion  
 

The typing is crucial in microbiology because of many reasons such 
as epidemiological detection, for treatment, for research and to control 
bacterial outbreak. Some researches have dealt with bacterial profiling of 
many bacterial species, not limited to C. acnes like (Acinetobacter bau-
mannii and Campylobacter jejuni, etc. (Mohammad & Al-Rawe 2005; 
Ahmed & Mohammad, 2021).  

As mentioned in materials and methods, C. acnes CS6 belonged to 
the first (I) biotype, due to its ability to ferment the three sugars (ribose, 
erythrotol and sorbitol) and changed the color of the medium to yellow in 
the three plates. In addition, two strains of C. acnes No. CS2 and CS3 de-
monstrated their ability to ferment ribose and sorbitol, which changed the 
color of the media from orange to yellow, that represents the third (III) 
biotype, while C. acnes CS5 changed the color of the medium containing 
ribose only to yellow due to its ability to ferment this sugar only and did 
not ferment others, therefore it belonged to the fourth (IV) biotype, lastly 
the C. acnes CS1, CS4 and CS7 belonged to the fifth (V) biotype because 
they could not ferment any of sugars: ribose, erythrotol and sorbitol.  

Higak (2003) obtained four different biotypes from C. acnes isolated 
from Japan, the third (III) biotype was the most predominant with 50% in 
his study, while the first (I) and second (II) biotypes had a prevalence of 
20%. However, the presence of the fourth (IV) biotype was only 10%. 
lastly, the fifth (V) biotype did not appear in his results in contrast to our 
study with local isolates that gave this pattern the most predominant one.  

Zhang et al. (2019) indicated after that conducting biotyping of C. ac-
nes isolated from Huashan Hospital (Shanghai, China), the results of the 
third (III) biotype was the most predominant with 50.8% followed by the 
first (I) and fifth (V) biotype with 15.9%, the second (II) biotype with 
12.7% and lastly the fourth (IV) biotype with 4.8%.  

Nagy et al. (2006) obtained only two biotypes of C. acnes that were 
isolated from (Szeged, Hungary) where most of the patterns were of the 
first (I) biotype with 75% and the second (II) biotype with 25%.This di-
versity is considered small compared to our study.  

The variation in the predominance of bacterial biotypes may be attri-
buted to the type of dermis from which this bacterium is isolated, where 
the skin could be oily or dry, depending on the amount of sebum secreted 
by individuals infected with acne. Additionally, it may be related to the ex-
tent to which the affected skin is exposed to weather conditions, which can 
influence the nature of the skin, depending on the geographical location of 
the country.  

This experiment of genotyping was carried out based on Barnard 
et al. (2015), whose results revealled several genotypes distributed accor-
ding to the presence of bands in different patterns in their strain to six ge-
notypes, they called the first four of them, genotype (I) with subdivision: 

I A1 included (16s rRNA, ATPase) genes, I A2 included (16s rRNA, 
ATPase, sodA) genes, I B included (16s rRNA, sodA) genes, I C included 
(16s rRNA, ATPase, Toxin Fic family) genes, II second genotype inclu-
ded (16s rRNA, atpD) genes, Finally genotype III included (16s rRNA, 
recA) genes (Barnard et al., 2015).  

In our study, due to the emergence of a new genotype which differs 
from those in the previously mentioned studies and which we consider to 
be reported for the first time, we suggest adding a sixth pattern namely of 
C. acnes, which means that the local strains had a single genetic origin that 
may not exist in another country.  

Only one local isolate belonged to the genotype I A2 because it con-
tains three genes (16s rRNA, ATPase, sodA) and this type is present in the 
studies mentioned later.  

The more genes present in the strain, the greater the additional survi-
val characteristics, because every gene present in the bacterium is encoded 
into an adaptive gene, resistant or virulence factor, and each of the four ge-
nes that were detected in this study carries a specific trait, as: ATPase – 
gene that is responsible for converting the chemical energies stored in 
ATP to mechanical actions within the cell (Rappas,2004). sodA – gene 
that encodes the enzyme superoxide dismutase constitutes a very impor-
tant antioxidant defense against oxidative stress in the body. sodA – gene 
is responsible for protecting a particular bacterial strain from hydrogen 
peroxide-induced oxidative damage and promotes its pathogenicity (Sa-
leh, 2023). atpD – gene, which encodes for ATP synthase, is among the 
most conserved genes (Algammal et al., 2021). recA which encodes for 
the RecA protein is a recombinase that helps bacteria repair their DNA 
through recombinational means. recA is controlled on several levels. 
However, the Toxin Fic family gene, which was not present in the local 
strains in this study, is encoded into a virulence factor that gives the bacte-
ria greater pathogenicity, because it secretes Fic proteins as toxins that 
mediate post-translational modifications of host cell proteins (Veyron et 
al., 2018).  

All genotypes were obtained in different percentage by Barnard et al. 
(2015), 312 strains of C. acnes isolated from Los Angeles (USA) were 
used to confirm the multiplex PCR, the I A1 was dominant with 46.4%, 
I A2 with 6.4%, IB with 20.2%, IC with 2.2%, genotype II with 14.4% 
and genotype III with 10.4%.  

Zhang et al. (2019) conducted the same experiment to detect the ge-
notyping of their strains. They isolated 63 C. acnes strains from Huashan 
Hospital in Shanghai (China).They obtained percentages that differed 
from Barnard et al. (2015), and all patterns were revealed in their results 
except for the genotype III, which was not present in their strains. IA1 was 
the predominant genotype with 71.4%, followed by IA2 with 19.0%, II 
genotype with 4.8%, IB with 3.2%, and IC with 1.6%. Oliveira et al. 
(2024) obtained only two genotypes from eight strains of C. acnes isolated 
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from Portugal, where the IA2 genotype was dominant with 75% and the 
other genotype was II with 25%.  

Genotyping techniques are crucial for research in epidemiology, dise-
ase surveillance, infectious disease transmission and can identify genetic 
factors associated with transmission, antibiotic resistance in humans and 
animals and disease prevalence in populations. These insights help deve-
lop effective prevention and treatment strategies, molecular epidemiology 
is commonly utilized in infectious illnesses to identify the source of infec-
tion and the ancestral ties between individuals within a group, scientific 
applications of coalescent theory and phylogeographic analysis include 
pandemics and nosocomial outbreaks. Microorganism-isolated sequen-
cing data is crucial for phylogenetic analysis and infectious disease studies. 
Phylodynamics is maturing. Molecular phylogenetic and evolutionary 
approaches are needed (Ciccozzi et al., 2019).  
 
Conclusion  
 

Bacterial typing is considered important because it helps in understan-
ding the characteristics and metabolism of bacteria. It can assist in estima-
ting potential health risks in addition of identifying the species and classi-
fying them. Moreover, typing, especially genotyping, plays an important 
role in epidemiology.  

Our strains had four different biotypes (I, II, III, IV and V) and the 
biotype II was not revealed in our study. For genotyping, two different 
genotypes were obtained, the first pattern belonged to genotype (IA2) and 
the second pattern was a new genotype that varies from those found in the 
previously stated researches. Therefore it is possible to suggest a new pat-
tern to be added to the six discovered patterns and this was given the name 
IV genotype, which is  represented by (16s rRNA, ATPase, atpD, recA, 
and sodA). By typing bacteria, we can track the spread of infectious dise-
ases, understand the causes of transmission, and help take measures to 
control epidemics.  
 

The authors thanks staff of the College of Science, University of Mosul (Iraq).  

The authors declare they have no conflicts of interest.  
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