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ABSTRACT 

 
Context: Bacter iophages are viruses that infect and kill the bacter ia. Plaque formation is one of the distinct 
characteristics of the viruses. During experimentation, phage plaques are formed as a result of bacterial lysis. Each 
phage produces a morphologically distinct plaque, independent of its host. However, to date, little is known about 
plaque formation and how it differs among the phages.  
 

Objectives: This study was designed to determine the plaque morphology of staph phage, vB_Sau_vhc4s, 
against three clinical isolates of Staphylococcus aureus (SA-1, SA-2, SA-3).  
.  
Methods: The phage life cycle against the staphylococcal isolates was studied by determining the absorption 
time, latency period, and burst size with adsorption curve and one-step growth curve experiments. Lifecycle pattern 
was analyzed for isolates showing varying plaque size with the same phage (vB_Sau_vhc4s). Accordingly, large 
plaques were formed against SA-1, moderate plaques against SA-2, and tiny plaques against SA-3. 
 

Results: This study showed that the adsorption time for  the isolate SA-1 was 15 min which is delayed adsorp-
tion in comparison with the isolates SA-2 and SA-3 which had early adsorption at 5th min. One-step growth curve 
showed that SA-1 and SA-2 had earlier lysis at 5th min, while SA-3 showed delayed lysis at 10th min. The burst 
size (phages per infected cell) of SA-1, SA-2, and SA-3 were 102, 101, and 76 respectively. 

Conclusion  
This study concludes that the plaque size or morphology is largely determined by the phage adsorption (to the bac-
terial cell) and burst size (progeny). 
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INTRODUCTION 

Bacteriophages, or phages for short, are viruses, 
which means bacterial eater (“bacterio – bacteria”, 
“phage – eater”) 1 Plaque formation is one of the 
distinct features of all the viruses, produced upon 
infecting the bacteria. A plaque formation is initiat-
ed by a virus, therein, results in the cycle of infec-
tion of the bacterial host by the progeny viral parti-
cles2. It is assumed that the size of the plaque is re-

stricted by the number of cycles of infection that 
occurs within the plaque. The infection cycle ceas-
es as the embedded bacteria forms lawn and be-
comes unproductive on the agar media 3.  

A virulent (follows lytic cycle) bacteriophage pro-
duces clear plaques, while temperate (follows lyso-
genic cycle) phage tends to produce turbid plaques. 
The difference in plaque morphology is due to the 
life cycle of phages. Virulent phages tend to have a 
single cyclic pattern of infection and immediate  
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lysis of the host. While temperate phages tend to 
integrate its genome into the host genome thereby, 
halting the cycle of lysis and allows the bacterial 
growth, thus forming cloudiness (looks like bulls-
eye) within a zone of plaque 4. 
The size and morphology of the plaque can vary 
by the method and condition undertaken during 
the experiment 5. Liquid medium tends to have 
increased bacterial clearance due to enhanced mo-
bility of the phage, thereby, facilitating the bacte-
ria-phage interaction. But solid media restrict the 
motility of the phages after a stipulated interval of 
time, thus confining the lysis of the host. A few 
phages tend to show diffusion in semi-solid media, 
which tends to increase the plaque size upon pro-
longed incubation 6, 7.   
The simplicity of the phage plaque was studied by 
numerous researchers and many mathematical 
models have been drawn based on the outcome. 
The first mathematical model was devised by 
Koch, in which, he determined the plaque diffu-
sion with reversible and irreversible adsorption. At 
present, many studies have been conducted by 
Abedon on the theoretical concept of phage plaque 
8. The simple and universal governing factors of 
the plaque formation as stated by Abedon and co-
workers are – 1) rate of phage multiplication, 2) 
lysis time, and 3) the diffusion of phages [2]. But 
none of the mathematical models remains accept-
ed by the scientific community as they tend to fall 
in low agreement with the laboratory findings 9. 
A theoretical analysis by Abedon et al. showed 
that the major factors that govern the plaque for-
mation in phage are, the rate of phage adsorption, 
time of lysis  (latency period), and the number of 
progeny particles produced during the infection. 10. 
In contrast with the theoretical models available in 
the database, the laboratory models by Gallet et al. 
shown that the large plaques are produced by the 
phages with a shorter latency period (the time 
spent by the phage inside the host) 9.  
In this study, we have explored the reason behind 
the varying plaque size produced by three different 
isolates of Staphylococcus aureus in response to 
infection by the same phage, vB_Sau_vhc4s. We 
tested the lifestyle of phage (vB_Sau_vhc4s) by 
determining the adsorption time and one-step 
growth curve. By measuring the time of lysis and 
the number of phage progeny, we were able to 
construct a laboratory model to outnumber the 
phage traits that determine the plaque size.  
 
MATERIALS AND METHODS : 
Bacterial isolate and growth condition  
The Staphylococcus aureus isolates, SA-1, SA-2, 
and SA-3, were collected from the diagnostic cen-

ter located in Chennai, India. The isolates were 
characterized by standard microbiological and 
clinical guidelines, such as Gram staining, bio-
chemical test, screening in selective agar 
(mannitol salt agar) [11], and VITEK identifica-
tion system. The growth of the bacterial isolates 
was maintained in BHI (Brain Heart Infusion) 
broth at 37°C. A log phase (OD = 0.4) bacterial 
culture was used throughout the study. 
 
Bacteriophage isolation  
The bacteriophages were isolated following phage 
enrichment technique from the sewage water sam-
ple collected from the Vellore district, Tamil Na-
du. Briefly, a log phase bacterial culture (SA- 1) 
was enriched with the water sample for 16-24 hrs. 
The enriched mixture was centrifuged at 6000 × g 
for 15 min and filtered through 0.22 μm syringe 
filter and the presence of phage was confirmed by 
spot test. The plaque size was further determined 
by double agar overlay (DAOL) 12, 13.  
 

 
Efficiency of plating (EOP)  
The isolated bacteriophage was screened for their 
efficiency to infect other bacterial isolates (SA-2, 
SA-3) by spot test and DAOL. The isolated bacte-
riophage named vB_Sau_vhc4s was prepared in 
dilutions from 101 to 1014 and spotted onto a lawn 
of bacterial culture (Fig 1). Now, to determine the 
efficiency of plating (EOP), the phage was plated 
using the respective isolate by DAOL method and 
the plaque-forming unit (PFU) was used to calcu-
late the efficiency of the phage to infect the host 
13. The experiments were performed in triplicates 
and the plaque size was measured after 18 hrs 
throughout the study.  
 
Adsorption study  
To determine the rate of adsorption of the phage to 
their bacterial host, the number of unadsorbed 
phages was calculated at different time intervals. 
An adsorption experiment was performed for each 
isolate (SA-1, SA-2, SA-3) separately using the 
phage, vB_Sau_vhc4s. Briefly, the log phase bac-
terial culture was mixed with the phages at an 
MOI of 0.001 and incubated at 37 ˚C. Aliquot of 
200 μL was removed from the interaction tube 
(tube incubated with bacteria and phage) and dilut-
ed in another tube containing SM buffer (4.3 ml) 
and chloroform (0.5 mL). This mixture was incu-
bated for 30 min at room temperature (RT) and 
DAOL was performed to evaluate the number of 
non-adsorbed phages every 5 min for 25 min 14. 
The plates were incubated for 18 hrs and the per-
centage of phage adsorbed was calculated. The  
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point at which ≤ 50% of the phage adsorbed was 
considered as a significant phage adsorption 
point. 
 

One-step growth curve  
The latency period and burst size were calculated 
by a one-step growth experiment. The bacteria 
and phage (MOI=0.001) were allowed to interact 
for a prolonged adsorption period (as determined 
earlier), and the mixture was centrifuged at 
12,200 x g for 5 min and the pellet was resus-
pended in an equal volume of SM buffer. The ali-
quot was removed at every 5 min interval and 
DAOL was performed to determine the latency 
period and burst size [14, 15]. The plates were 
incubated for 18 hrs and the number of plaques 
was counted.  
 

Statistical analysis 
All the experiments were repeated thrice and 
graphs were plotted using statistical software - 
GraphPad Prism 7.04. The plaque size was meas-
ured and the represented values are mean ± SD. 
 

RESULTS  
 

Efficiency of phage (EOP)  
The isolated phage was assessed for efficiency by 
DAOL, in which the phage (vB_Sau_vhc4s) 
showed varying plaque size against the three iso-
lates (SA-1, SA-2, SA-3). The study design in-
volves determining the relationship between 
plaque size and the phage life cycle. The isolate 

SA-1 showed a large plaque of 1.5 ± 0.05 mm in 
size, SA-2 showed moderate plaques of 0.5 ± 0.05 
mm, and SA-3 with a tiny plaque of 0.1 ± 0.02 
mm (Fig 2). The plaque morphology and plaque 
size are listed in S. Table 1. 
 

Effect of phage adsorption on plaque size  
The effect of the phage adsorption on the plaque 
size was evaluated using the same three isolates 
(SA-1, SA-2, SA-3) that showed varying plaque 
size. We were interested to know if the life cycle 
and the plaque size were interrelated to each oth-
er. This was accomplished by a simple set of an 
experiment that was performed to determine the 
phage adsorption, latency period, and burst size 
against the three different isolates that showed 
different plaque size against the same phage 
(vB_Sau_vhc4s). In the adsorption experiment, 
the isolate SA-1 showed a delayed adsorption pat-
tern when compared with the other two isolates. 
The significant phage adsorption time for SA-1 
started at the 15th min and the cycle lasted till the 
25th min, with 28% of the phage adsorbed to the 
host cells at the end of each adsorption cycle. The 
isolate SA-2 and SA-3 showed early adsorption 
with the significant phage adsorption time starting 
at 5th min and the cycle lasted up to 15 min, with 
36% and 33% of the phage adsorbed at the end of 
adsorption cycle. The data and the adsorption 
curve for all the three isolates are graphically rep-
resented in Fig 3.  

Figure 1: Determination of Efficiency of plating (EOP) for a staph phage, vB_Sau_vhc4s, against the S. aureus iso-
lates, SA-1, SA-2 and SA- 3, using spot test.  The values 106 – 1014 represent the phage concentration. 

Figure 2: The plaques produced by a staph phage, vB_Sau_vhc4s, on the BHI agar plates using the double agar 
overlay method. The difference in plaque size produced by a phage vB_Sau_S against three different staphylo-
coccal isolates, A) against isolate SA-1 showing large plaque size, B) against isolate SA-2 showing moderate 
plaque size, C) against isolate SA-3 showing tiny plaque size. 
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Figure 3: Lifecycle of a staph phage, vB_Sau_vhc4s, against the isolates of Staphy-
lococcus aureus (SA-1, SA-2, SA-3). The graph A, C, and E shows the adsorption 
time analysis graph. B, D and F shows the one-step growth curve analysis.  

Effect of latency period and burst size on plaque size  
The latency period and the burst size were determined by one-step 
growth curve analysis. The time of lysis and burst size showed a pos-
itive correlation with the isolates studied. The lysis time for the iso-
late SA-1 and SA-2 was found to be 5 min, while SA-3 had lysis at 
10 min. The burst size for the isolates SA-1, 2, 3 was found to be 
102, 101, and 76 respectively. The data are represented graphically 
in Fig 3. 
 
DISCUSSION –  
Plaque formation is a unique identity of bacteriophages that aid in 
enumeration against the bacteria. Phage plaques remain the concept 
of investigation for a long-time and understanding the fundamentals 
could help in exploring and improving the phage infection during 
treatment. Our findings have shown that the infectivity of phages 
differs between the bacterial hosts, thus there is a need for extended 
evaluation before they are taken for applications.  
Plaque is nothing but a tiny area of phage multiplication initiated by 
a single phage and this zone of clearance is formed as a result of bac-
terial lysis. Plaque varies among the phages and they are governed 
by the rate of phage diffusion, bacterial multiplication rate, the nutri-
tional state of the media, phage adsorption rate, and the time of lysis 
of phage progeny. All of the above factors are interrelated and the 
lack of any of these factors would result in poor plaque formation 
affecting both plaque size and morphology 7,16. The bacterial growth 
rate is very crucial to determine phage efficiency. Phage multiplica-
tion directly coincides with the multiplication rate of bacteria. Multi-
plication of bacteria is determined by various factors, one significant 
enhancer being the nutrients and media supplements. 
As stated in one of our previous studies, plaque size and morphology 
is directly influenced by changing the bacteriological media 17. The 
phages produced different types of plaques on the different bacterio-
logical medium. This eventually showed that bacterial growth condi-

The bacterial growth is always 
enhanced by supplements such 
as nutrients 18. Usually, bacte-
ria tend to grow faster in the 
nutrient-rich environment5 and 
it was observed that large 
plaque was produced when the 
bacteria had a high growth 
rate with respect to phage 
multiplication 10, 19. This even-
tually questions the potential 
of phages to multiply inside 
the human system. Therefore, 
knowing the bacterial growth 
might be fundamental in de-
termining the phage plaque 
size and other factors concern-
ing bacterial clearance.  
 
The sequel of phage adsorp-
tion, latency period, and 
burst size-      
A study conducted by Gallet 
et al. falls in correlation with 
our results. The isogenic strain 
used in the study showed de-
layed adsorption time and re-
sulted in a small plaque size 
than a large plaque with earli-
er adsorption. 9   
Numerous factors could con-
cern the plaque size. As the 
phage life cycle completely 
relies on the bacterial growth 
rate, thus the phage life cycle 
is completely controlled by 
bacteria.  This also shows that 
phage trait is directly propor-
tional to bacterial growth con-
ditions. The nature of this bac-
terial growth parameter is sup-
ported by a mathematical 
model by Golec et al. that 
showed that the growth rate of 
bacteria directly influences the 
phage multiplication parame-
ters 20. 
Our study showed that the ad-
sorption time, latency period 
and burst size of the isolates 
varied and that resulted in var-
ying plaque sizes. All these 
three factors are interrelated 
with each other and need to be 
optimal to produce a larger 
plaque. Adsorption time is a 
primary parameter for phage 

 

International Journal of Bacteriophage Research ¦Volume 1¦ Issue 1¦Jan –June 2021 

Archana, et al.: Effect of phage life style on plaque morphology  Int J Bacteriophage Res 2021;1:10-5 



 14 

 

Our results showed that the optimal adsorption 
rate was needed for the maximal plaque size; too 
early or too delayed adsorption would result in 
diminished (size) plaques. The isolate SA-1 
showed a moderate adsorption time when com-
pared to SA-2 and SA-3. The adsorption time and 
latency period of SA-1, SA-2, SA-3 were 15 and 
5 min, 5 and 5 min, and 5 and 10 min respective-
ly, and their respective plaque size was as large, 
moderate and tiny.  
 
Time of lysis is one of the important parameters 
for determining the phage plaque size and the 
multiplication rate. The number of infection cy-
cles within a plaque is directly proportional to 
plaque size. A phage can undergo an active infec-
tion cycle during the productive stage of the bac-
teria. As the time of lysis tends to be shorter, the 
number of lysis cycle would be more. This pro-
vides more chance for the phage to evade the sur-
rounding bacteria before the bacteria enter the 
unproductive phase 21. The burst size is another 
parameter for the determination of phage plaque 
size and is found to have a positive impact on the 
plaque size. The burst size for the isolate SA-1, 
SA-2, and SA-3 are 102, 101, and 76 respectively. 
The decreased burst size of the isolate SA-3 (76) 
has decreased the plaque size, producing tiny 
plaques. This proves that the burst size does have 
much significance in enhancing the plaque size.    
In this study, we investigated the phage life cycle 
and plaque size co-relationship using three S. au-
reus isolates. The results elucidated that plaque 
size is more or less dependent on bacterial multi-
plication. In the laboratory experiments, the ma-
jor parameters that could affect the phage multi-
plication and plaque size were phage adsorption 
rate and lysis time. We also concluded that burst 
size is one of the important factors to determine 
the plaque infectious rate. Despite the phage 
showing a broad-host-range, there is a need for 
assessing the phage life cycle for successful 
phage characterization2. This study concludes that 
plaque size can vary between the bacteria (at ge-
nus or species or strain level) and are largely de-
pendent on the phage adsorption rate and time of 
lysis.   
 
CONCLUSION  
The investigations from this study concluded that 
the phage life cycle and bacterial growth rate di-
rectly influences the plaque morphology and size. 
We also found that optimal adsorption time and 
lysis time was more critical for enhanced plaque 
size. The burst size could affect the plaque size, 
with low progeny producers forming small or tiny 
plaques and high progeny producers forming 

large plaques. Though there are numerous meth-
ods and models available for predicting the phage 
morphology, the insights on their exact mecha-
nism need to be validated with various phage 
groups and strains. Thus, this study has laid a 
foundation on the fundamental theory on the in-
terrelationship between the phage life cycle and 
plaque morphology in S. aureus, which will serve 
as a baseline for future investigations.  
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