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Background: Staphylococcus aureus is a common pathogen that causes various 

infections. The emergence of methicillin-resistant S. aureus (MRSA) has made 

treatment more challenging, necessitating the exploration of new therapeutic 

approaches. In this regard, the study investigated the optimal conditions for phage 

production and activity. Objective: Evaluating the effect of different temperatures 

and culture media on    the production of methicillin-resistant Staphylococcus aureus 

(MRSA) bacteriophages. Methodology: This was cross-sectional hospital-based study 

carried out in Baghdad Governorate, Iraq, from the beginning of October 2022 to 

November 2024 on S. aureus isolates. A total of 3 isolate from S. aureus bacteria 

which were taken from, Al-Kadhimiya Hospital and the isolate of phage (Rih21) 

Bacteriophage. Three different media used in the experiments (Luria broth, Mueller 

Hinton, and Nutrient broth). And three different temperatures (37, 40, 45 
◦
C). The 

results recorded by counting plaque number and phage titer calculated.   Results: In 

the study, the effect of media composition on Staphylococcus aureus phage production was 

investigated using a double agar overlay method. The plaque morphology of the phage was 

observed to vary in different culture media, with sizes ranging from small to large and 

appearances ranging from clear to turbid. Among the tested media, Luria Broth was 

identified as the optimal medium for phage production. A temperature of 37°C was 

determined to be the ideal temperature for phage production. Additionally, Phage Rih21 

exhibited lytic activity against MRSA isolates in vitro, suggesting its potential as a 

therapeutic option for combating MRSA infections. These findings support the use of phage 

therapy as a promising strategy against MRSA infections. Conclusion: Storing phages at 

4°C in a 50% glycerol medium provided the best preservation and density of 

phages.A temperature range of 28-37°C was identified as optimal for bacteriophage 

production.The Rih21 bacteriophage exhibited lytic activity at temperatures ranging 

from 37-45°C, with the ideal temperature for activity being 37°C.The optimal 

temperature for phage production varied based on the specific phage and its host. 
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INTRODUCTION 

               Staphylococcus aureus (S. aureus) is a common cause of a wide range of illnesses, from minor skin 

infections to severe sepsis and deadly pneumonia. It has a variety of damaging components, including toxins 

and immune evasion factors, which allow it to colonize and spread within the body during infections (1). 

According to previous studies, S. aureus-induced bacteremia is more deadly than human immunodeficiency 

virus, tuberculosis, and viral hepatitis combined in terms of death (2). When antibiotics gained widespread use, 

phage therapy was abandoned, even though it had been used for nearly a century (4). A recent study suggests 

that phages can be used as a therapeutic treatment by utilizing gene engineering to eliminate prophage-related 
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genes (5). As a substitute for or in addition to antimicrobial treatment for bacterial infections that are resistant 

to multiple drugs (6,7). Over time, bacteriophages have developed special proteins that take advantage of the 

metabolic processes of their bacterial hosts to aid in reproduction. Due to the extensive presence of phages 

around the world and the identification of many compounds that prevent bacterial growth and DNA synthesis, 

treatments for infectious disorders are currently being researched (8). This study aimed to investigate the effect 

of varying temperatures and media on the production of Methicillin-resistant Staphylococcus aureus phage. S. 

aureus has advanced resistance to almost all currently used antibiotics, starting with its initial discovery of 

penicillin resistance in the 1940s (3). 

 

METHODOLOGY 

         Staphylococcus aureus bacteria from overnight culture was cultivated for 1-2 h, Then the optical density 

at 600 nm was measured to determine bacterial cell density (1). Three different media were used in the 

experiment. Luria, Nutrient and Mueller Hinton broth were prepared. Three tubes containing 5ml from each 

media were inoculated with 500µl bacteria and placed in shaker incubator at 37°C after incubation for 1h, 25µl 

from phage stock were added to each tube and incubated at three different temp (37, 40, and 45°C). After 5h 

incubation, 1ml from each bacterial culture was centrifuged to remove bacterial cells and the supernatant 

containing phage for all culture was kept at 4°C. In order to determine the phage titer, 10 Eppendorf tube 

containing 900µl SM buffer were prepared and 100µl from supernatant (phage sample) were added and mixed 

well by vortex. Then another 10 Eppendorf tubes containing 250µl S. aureus were prepared and left at 

incubator for 1h. After that, 20µl from the phage samples was added into each tube and mixed well with 

bacteria and left in the hood for 10 min. The bacteria and phage mixture were transferred into tube containing 

3 ml top- agar mixed well. Finally, it poured over bottom agar plate and the petri dishes were placed in 

incubator at 37 °C.  

 

Statistical Analysis: 

          The Statistical Analysis System (SAS) program (2018) was used to detect the effect of different factors on 

study parameters. The least significant difference –LSD test (Analysis of Variation-ANOVA) was used to 

significantly compare between means in this study. 

 

 

Figure (1): Plaque formation of Rih21 phage on culture media at 37 °C and 45°C. 
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RESULTS 

            The best temperature is 37◦C and using Luria Broth, which is the best media for phage growth, with an 

incubation period of less than 24 h. These conditions are optimal for bacterial phage production. Rih21 

bacteriophage showed lytic activity at temperatures ranging from 37- 45°C, with the ideal temperature for activity 

being 37°C. The optimal temperature for phage production varies depending on the specific phage and its host. 

Phage therapy offers a promising alternative to combat Methicillin- resistant S. aureus (MRSA) infections as show 

in Table (1). 

Table (1): Phage production at different temperatures and media after 5 and 24 hours of incubation 

 

              As the results showed, the 37°C is the ideal temperature for phage production. The study showed as in 

figure (1) the higher the temperature, the lower the production of phage. Therefore, the temperature is inversely 

proportional to the production of the virus per unit time. The phage production experiment revealed a strong 

relationship between temperature, media type, and phage titer after 5 and 24 hours. The optimal temperature for 

phage production was 37°C, with Luria broth yielding the highest titer of 15 x 10^
7 

PFU/ml after 5 hours. As 

temperatures rose to 40°C and 45°C, phage production decreased significantly, indicating that higher temperatures 

adversely affect phage stability and S. aureus viability.Luria broth consistently outperformed Mueller Hinton and 

Nutrient broths due to its nutrient-rich composition, with mean titers of 14.4 x 10^
7
 PFU/ml versus 10.5 x 10^

7
 

PFU/ml and 8.5 x 10^
7
 PFU/ml, respectively. This highlights the importance of nutrient media in phage replication. 

 

 

 

 

 

 

 

 

 
Figure (2): Phage production at 37°C on culture media 

Temper

atures

 

°C

  

 

Media types 

Luria  broth 

Phage titer (PFU/ml) after 5 h 

Mueller Hinton  broth 

Phage titer (PFU/ml) After 5 h 

Nutrient broth 

Phage titer (PFU/ml) After 5 h 

37 15 x10
7

 14.2 x10
7

 14 x10
7

 11 x10
7

 10.5 x10
7

 10 x10
7

 9x 107  8.6 x10
7

 8 X10
7

 

40 7.3 x10
7

 7.1 x10
7

 6.8 x10
7

 6.4 x10
7

 6.2 x10
7

 6 x10
7

 5.8 x10
7

 5.3 x10
7

 5 x10
7

 

45 4.5 x10
7

 4.3 x10
7

 4.1 x10
7

 3.8 x10
7

 3.6 x10
7

 3.2 x10
7

 2.9 x10
7

 2.7 x10
7

 2.4 x10
7

 

Mean 14.4 10.5 8.5 
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Discussion  

          The influence of media composition on the life cycle of bacteriophages to exhibit diverse plaque morphology 

on various bacteriological media was investigated by a double agar overlay method (18). Staphylococcus 

aureus phage showed altered plaque morphology from small to large and from clear to turbid, in different culture 

media used for the double agar overlay method. The findings from the current phage production experiment align 

well with previous studies examining the effect of media composition on the bacteriophage life cycle, specifically in 

the context of Staphylococcus aureus Rih21. The earlier research noted that phage plaque morphology varied 

significantly across different culture media, reflecting the influence of nutrient composition on phage activity and 

replication. Similarly, our results indicate that Luria broth, a nutrient-rich medium, significantly enhances phage 

production compared to Mueller Hinton and Nutrient broths. Both studies identify 37°C as the optimal temperature 

for phage activity, supporting the conclusion that this temperature maximizes lytic activity and phage replication. In 

the current experiment, phage titers decreased sharply as temperatures rose to 40°C and 45°C, consistent with the 

observations for the Rih21 bacteriophage, which also demonstrated lytic activity predominantly at 37°C. This 

reinforces the notion that the physiological conditions at this temperature favor optimal viral replication. The 

relevance of these findings extends to the broader context of phage therapy, particularly against antibiotic-resistant 

strains like Methicillin-resistant Staphylococcus aureus (MRSA). The resurgence of interest in phage therapy, 

especially in light of rising antibiotic resistance, highlights the need for a deeper understanding of phage-bacterial 

interactions. Our results suggest that optimizing growth conditions—both in terms of temperature and nutrient 

mediacan enhance the efficacy of phage therapies. Moreover, the synergy observed when combining phages and 

antibiotics in therapeutic settings could be further explored by understanding how different media compositions and 

temperatures affect phage dynamics. The earlier study noted a temperature range of 28-37°C as optimal, indicating 

that further research is needed to elucidate the underlying mechanisms. This could inform the development of more 

effective phage therapy protocols, ultimately improving treatment outcomes for bacterial infections. In summary, 

both studies emphasize the critical role of environmental factors such as temperature and media composition in 

phage production and activity. Understanding these interactions not only enhances our knowledge of phage biology 

but also contributes to advancing phage therapy as a viable alternative to combat bacterial infections in an era of 

increasing antibiotic resistance. 

 

 
Conclusions  

 

1. The Ideal temperature for phage production ranging between 28-37 °C. 

2. The Phage therapy offers a promising alternative to combat Methicillin-resistant Staphylococcus aureus 

(MRSA) infections. 
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تقييم تأثيز درخاث انحزارة انمختهفت ووسط انزراعت عهى إنتاج انعاثياث انعنقوديت انذهبيت انمقاومت 

 (MRSA) يسيهيننهميث

 

أبزاهيم عبذ الله احمذ،  رحاب خلال سعذ  

 عشاق، ال خبهعت الٌِشيي،  مليت الخقٌيبث الازيبئيت ،الخقٌيبث الأزيبئيت الٌببحيت قسن 

 

 :انخلاصت 

الونْساث العٌقْديت الزُبيت الونْساث العٌقْديت الزُبيت ُي هسبببث الأهشاض الشبئعت الخي حسبب الالخِبببث الوخخلفت. أدٓ ظِْس  خهفيت انبحث: 

إلٔ خعل العلاج أمثش صعْبت، هوب يسخلزم اسخنشبف أسبليب علاخيت خذيذة. ّفي ُزا الصذد، بسثج الذساست في  (MRSA) الوقبّهت للويثيسيليي

دسخت هئْيت يْفش  73زشاسة ّخذ أى اسخخذام ّسظ لْسيب هشق ّالسفبظ علٔ دسخت  :انعمم طزقانمواد و.الظشّف الوثلٔ لإًخبج العبثيبث ًّشبطِب

دسخت  54-73ضوي ًطبق دسخت زشاسة  MRSA ًشبطًب حسلليبً ضذ عزلاث Phage Rih21 أفضل الظشّف لإًخبج العبثيبث. ببلإضبفت إلٔ رلل، أظِش

 .MRSA ديت ّاعذة لونبفست عذّٓدسخت هئْيت. حسلظ ُزٍ الٌخبئح الضْء علٔ إهنبًبث العلاج ببلعبثيت مبسخشاحي 73هئْيت، هع دسخت زشاسة هثبليت حبلغ 

ّقذ في ُزٍ الذساست، حن دساست حأثيش حنْيي الْسبئظ علٔ إًخبج عبثيت الونْساث العٌقْديت الزُبيت ببسخخذام طشيقت حشامب الأخبس الوزدّج.  اننتائح:

يشة إلٔ النبيشة ّالوظبُش حخشاّذ هي الْاضر إلٔ لْزع أى شنل البلاك للعبثيت يخخلف في الْسبئظ الثقبفيت الوخخلفت، زيث حخشاّذ الأزدبم هي الصغ

دسخت هئْيت  73ببعخببسُب الْسيلت الوثبليت لإًخبج العبثيبث. حن حسذيذ دسخت زشاسة  Luria Broth العنش. هي بيي الْسبئظ الخي حن اخخببسُب، حن حسذيذ

في الوخخبش، هوب يشيش إلٔ  MRSA ًشبطًب غٌبئيبً ضذ عزلاث Phage Rih21 لخنْى دسخت السشاسة الوثبليت لإًخبج العبثيبث. ببلإضبفت إلٔ رلل، أظِش

حخزيي  الاستنتاج:  MRSA .حذعن ُزٍ الٌخبئح اسخخذام العلاج ببلعبثيت مإسخشاحيديت ّاعذة ضذ عذّٓ .MRSA إهنبًبحَ مخيبس علاخي لونبفست عذّٓ

 73-82فضل زفع ّمثبفت للعبثيبث. حن حسذيذ ًطبق دسخت زشاسة يخشاّذ بيي ٪ يْفش أ45دسخبث هئْيت في ّسظ خلسشيي  5العبثيبث عٌذ دسخت زشاسة 

دسخت هئْيت، هع دسخت  54-73ًشبطًب حسلليبً في دسخبث زشاسة حخشاّذ هي  Rih21 دسخت هئْيت ببعخببسٍ الأهثل لإًخبج العبثيبث. أظِشث العبثيبث

 .لوثبليت لإًخبج العبثيبث بٌبءً علٔ العبثيبث الوسذدة ّهضيفِبدسخت هئْيت. حخخلف دسخت السشاسة ا 73زشاسة هثبليت للٌشبط ُي 

 

 ، البنخيشيب.  Rih2 عبثيت، دسخت زشاسة،  s.aureus   مفتاحيت:انكهماث ان

 


