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EDITORIAL

EDITORIAL
In the era of Covid-19 and the halt of research in the universities, it is difficult to produce an
issue. However, we managed a good number of papers for our current issue. The research should
not be halted in order to investigate the microbiological agents which has impacted our lives so
much that we are forced to bear billions of dollars in economic as well as intellectual loss. The
universities and institutions remained shut down across the globe and everyone was restricted to
the virtual world. The current pandemic is not over yet and despite vaccine administration, new
variants of the virus have started infecting the population. The current situation of the Covid-19
is alarming as a new variant B.1.1.529 named by WHO ‘Omicron’ is on the verge to push us
back to our houses. The new variant is quite dangerous and harmful as compared to its
predecessors. The new variant has mutations in spike protein which is the target site for most of
the vaccines (Callaway, 2021). It is our basic responsibility to observe extreme vigilance in order
to halt the spread of new emerging variants.
Pakistan Journal of Microbiology is a peer-reviewed quarterly journal which is published by the
Pakistan Society for Microbiology (PSM). There was a dire need for an open-access peerreviewed journal that could publish a lot of research in the area of microbiology. As most of the
research has to be in queue or pipeline for approval by quality journals in the world. Our journal
was already in operation but launched on digital media to ease the process of submission and
peer review last year.
In the current issue, there are three original articles and one review article. The first article is
related to finding out in-vitro interaction among three different cultures of microorganisms. The
second article is about mupirocin-resistant strains of S. aureus, the authors tried to find out
prevalence among burn patients and community carriers. The third paper is related to checking
the efficacy of natural plant extracts to control P. aerogenosa. The one review is about the
efficacy of the Calmette-Guerin (BCG) vaccine in the context of the covid-19 pandemic. The
future issue of PJM will be soon and we have called for the abstracts in our upcoming conference
and as well as via social media platforms.

15-12-2021

Editor

Callaway, E. (2021). Heavily mutated Omicron variant puts scientists on alert. Nature,
600(7887), 21-21.
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ABSTRACT
Introduction: Polymicrobial infections contribute significantly to the burden of morbidity and mortality of
infectious diseases. Because microbial interactions can be cooperative or competitive, this study sought to
assess the in vitro interactions of Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus
aureus.
Materials and Methods: In vitro competition assays with K. pneumoniae (KP05), P. aeruginosa
(ATCC27853) and S. aureus (ATCC25923) were performed in Luria Bertani (LB) broth at 37oC under
aerobic conditions. Duplex (1:1 ratios) and triplex culture combinations (1:1:1 ratio) contained 1 x 103
cells/ml of each bacterium. Cell numbers were estimated at 1-, 2-, 4-, 8-, 12-, 24- and 48-hr timepoints and
generation times were determined alone or in combination with other bacteria. Competitive PCR was used
to assess the detectability of selected virulence-associated genes (one from each bacterium) at 8-, 24- and
48- hr timepoints.
Results: While the growth curve for monocultures followed normal growth patterns, duplex and triplex cocultures saw marked evidence of competition and cooperation between and among the bacteria. Of note, S.
aureus grew better with P. aeruginosa versus co-culture with K. pneumoniae. P. aeruginosa did not produce
any measurable growth in the presence of S. aureus. K. pneumoniae grew better with S. aureus and least
with P. aeruginosa. Competitive PCR for organism-specific genes were in the order: S. aureus > K.
pneumoniae > P. aeruginosa which mirrored the growth parameters observed.
Conclusion: The findings revealed that of the three bacteria, S. aureus was the dominant species in both
duplex and tripartite cultures.
Keywords: Co-cultures; Competitive-PCR; Bacterial interactions; K. pneumoniae; P. aeruginosa; S. aureus
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INTRODUCTION
Polymicrobial infections, comprising
more than one kind of microorganism, have
become increasingly important public health
issues. While these may include potential
pathogens and commensals, which are
communicating, competing or collaborating
with each other (1), they often complicate
treatment because of their individual
potential for antimicrobial resistance and
virulence. In many instances, the observed
interactions are based on strain- and
environmental-specific factors which work
together to lead to poor patient prognosis.
Pseudomonas
aeruginosa
is
responsible for severe hospital-acquired
infections in the immunocompromised and
chronic infections in cystic fibrosis patients.
Its virulence depends on many cellassociated and extracellular factors, and
include pili, exoenzyme S and other adhesins
that allows adherence to epithelial cells. It
also exhibits exotoxin A responsible of tissue
necrosis, Phospholipase C, a thermo-labile
haemolysin, elastase and alkaline protease
(2).
Infections caused by Staphylococcus
aureus represent the second most common
encountered in the hospital setting and are
usually severe (3,4). S. aureus is notorious
for its vast array of pathogenic strategies and
its ability to effect multiple disease sequalae
(5).
Klebsiella
pneumoniae,
also
considered an opportunistic pathogen, is
responsible for life-threatening cases of
pneumoniae, urinary tract infections,
bloodstream infections and sepsis (6,7,8).
There are four major virulence factors in K.
pneumoniae namely, lipopolysaccharide
(LPS), siderophores, capsule and fimbriae
(pili).
P. aeruginosa and S. aureus, and to a
lesser extent, K. pneumoniae, have been
reported in polymicrobial infections,
especially in antimicrobial resistant biofilms,
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and in acute and chronic non-healing wounds
(9,10). The nature of co-existence of
pathogens have been reported to include
specific spatial organization in biofilms (11),
protection against microbial and host-derived
proteases (9), selective up-regulation and
down-regulation of virulence-associated
genes (12).
While mixed cultures have been
examined for P. aeruginosa and S. aureus,
and for P. aeruginosa and K. pneumoniae,
there has been no report of a mixed culture
involving all three pathogens. Consequently,
this study sought to assess the in vitro
interactions of Klebsiella pneumoniae,
Pseudomonas
aeruginosa
and
Staphylococcus aureus, especially in terms of
growth parameters and competitive detection
of select virulence-associated genes.
MATERIALS AND METHODS
Bacterial strains and culture conditions.
Cultures
of Klebsiella
pneumoniae (KP05),
Pseudomonas
aeruginosa
(ATCC
27853)
and Staphylococcus aureus (ATCC25923)
were grown in Luria Bertani broth (LB) broth
at 37°C with shaking. K. pneumoniae KP05
was a multi-drug resistant, mrkA+ clinical
strain, which was classified as a good biofilm
producer (13).
Growth curves and competition assays
for P. aeruginosa, K. pneumoniae and S.
aureus in co-cultures
Growth curves were done in LB at
o
37 C under aerobic conditions with moderate
shaking over a 48-hour period, and readings
were taken at 1-, 2-, 4-, 8-, 12-, 24- and 48-hr
timepoints. Co-cultures were inoculated with
various combinations of pure cultures of K.
pneumoniae, P.
aeruginosa
and S.
aureus grown overnight (15 h, aerated, 37oC,
shaking), diluted to about 1 x 103 cells/ml, as
follows: duplex culture combinations in a 1:1
ratio and triplex culture combinations in a
4
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1:1:1 ratio. Bacteria were serially diluted in
sterile phosphate-buffered saline (PBS), and
plated in triplicates onto LB agar for pure
cultures. Cell numbers for co-cultures were
estimated on MacConkey agar (K.
pneumoniae appear as pink translucent
colonies), King B agar (selective media for P.
aeruginosa) or Mannitol Salt Phenol Red
Agar (selective media for pathogenic
Staphylococci). The plates were incubated
overnight at 37oC and colony forming units
(CFU/ml)
determined.
Significant
differences were considered >2-fold and
p<0.05. The generation time and the number
of generations were estimated from the graph
during the exponential phase in single,
duplex and triplex cultures, based on the
following equations:
K (growth rate) = (logBn –
logB0)/log2×t ; G (generation time) = 1/K
where t = time interval in hours or minutes;
B0 = number of bacteria at the beginning of a
time interval; Bn = number of bacteria at the
end of the time interval
DNA isolation and Competitive
PCR Analysis
Selected pathogen-associated genes:
shv (β-lactamase) for K. pneumoniae, toxA
(exotoxin A) for P. aeruginosa, and hla
(alpha haemolysin) for S. aureus, were
amplified by PCR at 8-, 24- and 48-hr
timepoints. These genes were chosen because
they were found more abundantly or solely in
the specific bacterium and would provide a
good surrogate or proxy for the organism’s
performance in the co-cultures. Total DNA
was extracted according to the Promega
Wizard Genomic DNA Purification Kit
protocol and the DNA was stored at 2–8°C.
Table 1 includes details of primer sequences
for each target gene. The presence of each
gene was screened by monoplex or multiplex,
as appropriate, using the GeneAmp PCR
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System 9700 (Applied Biosystems, CA,
USA) and the GoTaq Green Master mix
(Promega Corp, Madison, WI, USA). The
amplified products were separated using a
2% agarose gel in 0.5x TBE and visualized
by staining with ethidium bromide and
exposure to UV light via the 3UV Benchtop
transilluminator.
RESULTS
Colonial growth and morphology
On LB media, K. pneumoniae
produced large, opaque creamy-white raised
mucoid colonies, P. aeruginosa as small,
opaque, creamy-white, flat colonies, and S.
aureus as medium, circular, creamy-brown,
opaque flat colonies. When K. pneumoniae
was grown in the presence of S. aureus or P.
aeruginosa and plated on MacConkey agar, it
produced large mucoid pink, spreading,
convex colonies. While P. aeruginosa
produced small creamy-white, flat colonies
on King B agar when co-cultured with K.
pneumoniae, it did not produce any
measurable colonial growth when grown in
the presence of S. aureus. S. aureus
consistently produced medium yellow-brown
circular opaque colony on Mannitol Salt agar
irrespective of the bacterium with which it
was co-cultured.
Growth curves for monoculture, duplex
and tripartite culture for the three
bacterial strains
Monocultures of K. pneumoniae, P.
aeruginosa and S. aureus patterned a normal
growth curve with a lag, log, stationary, and
death phases (Fig.1). S. aureus and P.
aeruginosa followed a similar pattern of
growth and only showed separation after the
24 hr timepoint. K. pneumoniae had the
steepest growth incline of the three bacteria.
Growth rates and generation times for
bacteria are as given in Table 2.
5
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Table 1: Primer sequences for the specific genes used in this study
Target Gene

Primer

Nucleotide Sequence

Reference

shv

Forward
Reverse

5’GGGTTATTCTTATTTGTCGC 3’
5’ TTAGCGTTGCCAGTGCTC 3’

14

toxA

Forward
Reverse

5’ GGAGCGCAACTATCCCACT 3’
5’ TGGTAGCCGACGAACACATA 3’

15

hla

Forward
Reverse

5’ CTGATTACTATCCAAGAAATTCGATTG 3’
5’ CTTTCCAGCCTACTTTTTTATCAGT 3’

16

Figure 1- Growth curves of monocultures of K. pneumoniae, P. aeruginosa and S. aureus.

From the growth curve (Fig. 2.A), it was
apparent that K. pneumoniae, although
initially not achieving the higher cell density
(CFU/ml) during the first hour when
compared with S. aureus, performed best in
terms of maintaining its presence in the coculture mixtures. This was of the order of 1
x 108 CFU/ml after 48 hr and represented
only a 1-log (i.e., 10-fold) reduction relative
to the monoculture at the same timepoint.
In contrast, P. aeruginosa performed
the worst of the three bacteria (Fig. 2.B). This
was evident even though P. aeruginosa
benefitted from a growth boost within the
first hour of co-culture with K. pneumoniae
and being able to maintain its cell density
similar to the monoculture (1 x 108 CFU/ml),

it produced no measurable growth in the
presence of S. aureus. This observation was
likely due to the presence of inhibitory
substances secreted by S aureus, which was
specific to P. aeruginosa and not K.
pneumoniae.
S. aureus was intermediate with
relatively high CFU/ml after 1 – 4 hr, but with
a 2-log reduction in cell density in the
presence of K. pneumoniae after 24 hr (Fig.
2.C). Interestingly, in the presence of P.
aeruginosa, S. aureus numbers decreased 4fold between 24 and 48 hr, but with K.
pneumoniae present in a tripartite
arrangement, the decrease in CFU/ml was
even more significant: 2-log (i.e., 100-fold) at
the 48-hr timepoint. This indicated that
6
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whatever limited benefit S. aureus received
from P. aeruginosa was eliminated in the
presence of K. pneumoniae.

A

B

C

Figure 2. Composite growth curves showing the
performance of (A) K. pneumoniae (KP) alone or cocultured with P. aeruginosa and/or S. aureus; (B) P.
aeruginosa (PA) alone or co-cultured with K.
pneumoniae and/or S. aureus; and S. aureus (SA)
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alone or co-cultured with K. pneumoniae and/or P.
aeruginosa

The generation times were calculated
from the graph during the exponential phase
of each bacterium and are shown in Table 2.
In monoculture, K. pneumoniae had the
lowest generation time of 26 minutes
compared to the other two organisms.
However, when co-cultured with S. aureus
the generation time decreased by 10 minutes.
Contrastingly, the generation time increased
drastically in the presence of P. aeruginosa,
by 33 minutes and in the triplex culture, K.
pneumoniae had a generation time of 19
minutes, the lowest generation time for
tripartite cultures. Overall, K. pneumoniae,
grew rapidly when co-cultured with S. aureus
than with P. aeruginosa and singly.
On the other hand, P. aeruginosa in
monoculture had a generation time of 49
minutes. Interestingly, however, no growth
was observed for P. aeruginosa in duplex
culture with S. aureus, or in the tripartite
culture, but it survived well when co-cultured
with K. pneumoniae with a generation time of
31 minutes. Overall, P. aeruginosa grew
better in duplex with K. pneumoniae, which
had a difference of 18 minutes compared to
growing singly. It was also vivid that S.
aureus was inhibiting the growth of P.
aeruginosa, but in presence of K.
pneumoniae alone growth was enhanced.
Lastly, S. aureus had a generation
time of 28 minutes, when co-cultured with P.
aeruginosa it was lowered to 17 minutes but
increased to 78 minutes with K. pneumoniae.
Meanwhile, in tripartite culture the
generation time was 54 minutes. Overall, S.
aureus grew well when co- cultured with P.
aeruginosa, which had a difference of 2
minutes for generation time when compared
to growing singly.
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Table 2. Generation time and growth rate for each bacterium during their exponential phase in single,
duplex and triplex cultures.
Organisms in single, duplex and tripartite culture

Generation rate (min)

Generation time (min)

S. aureus

0.04

28

K. pneumoniae

0.04

26

P. aeruginosa
S. aureus with P. aeruginosa
S. aureus with K. pneumoniae
P. aeruginosa with S. aureus
P. aeruginosa with K. pneumoniae
K. pneumoniae with S. aureus
K. pneumoniae with. P. aeruginosa
S. aureus with K. pneumoniae & P. aeruginosa
K. pneumoniae with S. aureus & P. aeruginosa
P. aeruginosa with S. aureus & K. pneumoniae

0.02
0.06
0.01
0
0.03
0.06
0.01
0.02
0.05
0

49
17
78
0
31
16
59
54
19
0

Details of competitive PCR detection
of organism-specific genes are given in Table
3. All genes were detected at the start of the
experiment, and for the monocultures, genes
were amplified at all-time points, except for
toxA at 48 hr. The shv gene had some loss of
signal at the 8 hr timepoint when K.
pneumoniae was co-cultured with P.
aeruginosa and further at the 24 and 48 hr
timepoints. Decline in amplification signal
strength was more pronounced in the
tripartite combination from the 8-hr point
onwards. For toxA detection, there was

significant loss of signal at the 24 hr
timepoint when K. pneumoniae was cocultured with P. aeruginosa and abolished at
the 48 hr timepoint. Abolition in signal was
noted at the 24- and 48-hr timepoint with S.
aureus and in the tripartite arrangement. For
hylA detection, there was no loss of signal
over the period of the experiment and was the
case when S. aureus was cultured alone or in
combination with other bacteria. The
observations were largely in line with the
growth parameters observed.

Table 3. Detection of organism-specific genes by competitive PCR
Incubation time (hr)
Organism (gene)
0
8
24
48
KP (shv)
+++
+++
+++
+++
+ PA
+++
++
+
+
+ SA
+++
+++
+++
+++
+ PA + SA
+++
+
+
+
PA (toxA)
+++
+++
+++
0
+ KP
+++
+++
+
0
+ SA
+++
+++
0
0
+ KP + SA
+++
+++
0
0
SA (hylA)
+++
+++
+++
+++
+ KP
+++
+++
+++
+++
+ PA
+++
+++
+++
+++
+ KP + PA
+++
+++
+++
+++
Key: KP = K. pneumoniae; PA = P. aeruginosa; SA = S. aureus
+++/++/+, present; 0, not detected
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DISCUSSION
In this study, the in vitro interactions
of K. pneumoniae, P. aeruginosa and S.
aureus indicated that bacteria compete and
cooperate in co-cultures. Despite, its array of
virulence factors and usual aggressive growth
parameters, P. aeruginosa found the going
tough in the presence of S. aureus. Foremost,
the acquisition of nutrients is crucial in
bacterial competition and it must be noted
that S. aureus reproduced more rapidly than
P. aeruginosa and this could be a pillar for
the absence of detectable growth of P.
aeruginosa. As they both have the same
nutritional requirements, the bacterium with
the faster growth rate would be more
competitive, and hence favour the growing
population of S. aureus. However, it is wellestablished that S. aureus, as a ubiquitous
commensal on the skin and nasal passage,
and with its own vast array of toxigenic and
enzymatic virulence factors (many of which
are either cell-associated or secreted) can
effectively establish itself in different niches.
These factors, as well as its propensity for
aggressive behaviour, could have led to the
inhibition of P. aeruginosa (17).
Other studies have opposing views of
the competitiveness of P. aeruginosa. For
instance, the study by Goldsworthy et al.,
(18), revealed that when P. aeruginosa and
methicillin-resistant S. aureus, both common
in catheter-associated urinary tract infections
(CAUTI), were grown together as a mixed
culture within a CAUTI model, P.
aeruginosa produced accelerated biofilm in
comparison to monocultures. In that study,
the authors used real-time quantitative PCR
to demonstrate that exotoxin A production by
P. aeruginosa was increased 1839-fold in the
mixed culture, while not showing any
significant gene expression of α-haemolysin
in MRSA in either culture.
Unlike the antagonistic relationship
between P. aeruginosa and S. aureus, K.
pneumonia grew in the presence of both,
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especially in combination with S. aureus. In
fact, the generation time for K. pneumoniae
was lowest when co-cultured with S. aureus,
meaning that it produced colonies even faster
than growing singly or in combination with
P. aeruginosa.
S. aureus and K. pneumoniae are both
encapsulated and therefore this protective
outer layer could have played a vital role in
their survival together, while competing for
space and protection from the release of toxic
or other virulence/inhibitory factors. While
some studies report that bacteria can co-exist,
many are limited to intra-species coevolution, and very few have examined the
potential for co-evolution in mixed
populations. However, Hibbing et al., (1)
demonstrated commensal interaction and coevolution of P. putida and Acinetobacter sp.
In that study, the authors showed that P.
putida depended on the partner organism
Acinetobacter sp. strain C6 to grow on benzyl
alcohol as a sole carbon source, thus leading
to greater overall growth yield in the biofilm
co-cultures. This was despite the P. putida
having a detrimental effect on the growth
of Acinetobacter. Hibbing, et al., (1) also
noted that competing microbes could stably
coexist under certain nutrient concentration
ratios, as seen in this study with S. aureus and
K. pneumoniae and P. aeruginosa with K.
pneumoniae.
Contrastingly, in other conditions,
specific taxa can be outcompeted due to acute
nutrient limitation as seen in co-cultures of S.
aureus with P. aeruginosa. The overall
significance of this study demonstrated
interspecies competition and co-evolution
does exist. Mixed cultures can exist stably
while at the same time one can suppress the
growth of the other. Thus, it very important
to understand the relationship between
different bacterial species, has it can identify
the most competitive and dominant species in
a mixed infection. This depends on the fast
acquisition of resources, rapid generation
9
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time, genetic malleability and other engaging
activities which contribute or influences the
succession of bacteria in competition (1).
In vitro studies have several
limitations. One such is the difficulty in
linking competitive behaviour and the
predictions generated from in vitro studies,
since they have not been tested in more
natural settings. For example, our results
might have differed from that of
Goldsworthy et al., (18) since they used very
specific modelling of an infection. Clearly,
the use of a model (including lab animals)
might better represent the natural
environment, when compared to in vitro
analyses. Another limitation to this study,
was the selection of one gene from each
bacterium for the competitive PCR analysis.
In cases where a gene was not detected by
PCR, this might have been due to possible
changes in cell wall parameters which
affected efficiency of lysis; via inhibition of
the specific amplification by a component
produced by the competitor strain; or due to
death or loss of viability of the organism
which resulted in significant reduction in
overall available template. While the
competitive PCR mirrored closely the
phenotypic results of growth in co-cultures,
quantitative real-time PCR would be more
effective in indicating any changes in
competition-based gene expression.
CONCLUSION
Taken together, this study showed
that co-cultures of K. pneumoniae, P.
aeruginosa and S. aureus can result in
aggressive competition or peaceful coexistence. Clearly, knowledge of bacterial
interactions and likely dominant species in a
mixed infection will be valuable for effective
treatment especially in serious nosocomial
cases. In this study, S. aureus was the most
dominant and competitive species of the
three bacteria analysed.
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ABSTRACT
Introduction: Pseudomonas aeruginosa, a gram-negative pathogen, is among the most persistent nosocomial
pathogen. Pseudomonas aeruginosa over the years has become antibiotic resistant and difficult to treat. There is an
imminent need to discover new and alternate agents that can effectively inhibit P. aeruginosa growth under
physiological conditions. In this regard, natural sources offer a wide variety of antimicrobial agents that can be
exploited for this purpose. In this study, we evaluated the anti-microbial and anti-biofilm activity of three natural
compounds (Camellia sinensis, Hippophae rhamnoides, and Juglans regia) under in vitro and in vivo (burn mouse
model) conditions.
Materials and methods: We screened Pseudomonas aeruginosa 60 clinical isolates for susceptibility/resistance to
eight commonly used antibiotics (Cephalexin, Chloramphenicol, Gentamicin, Vancomycin, Erythromycin,
Tetracycline, Ampicillin, and Ofloxacin). Subsequently, the biofilm formation ability of Pseudomonas aeruginosa
clinical isolates was tested using microtiter plate assay. The in vitro antimicrobial activity of Camellia sinensis,
Hippophae rhamnoides, and Juglans regia was tested using the agar well plate method, while in vivo activity was
determined using the burn mouse model.
Results: The Pseudomonas aeruginosa clinical isolates (n=60) were found to be dominant biofilm formers and were
resistant particularly against Ampicillin and Erythromycin, while susceptible to Gentamicin and Ofloxacin. The
minimum-inhibitory concentration (MIC) of three natural compounds ranged from 0.5-1 mg/ml. Under in vivo
conditions, Juglans regia, and Hippophae rhamnoides extracts were found effective in controlling the infection, with
0-4 CFU/ml from the organ homogenate obtained from the infected mice. These compounds also showed appreciable
properties of healing burn wounds in mice.
Conclusions: The natural plant extracts used in the study revealed anti-microbial and anti-biofilm activity against
Pseudomonas aeruginosa under in vitro and in vivo conditions, suggesting plants to be an excellent source for
providing new and effective antimicrobial agents.
Keywords: Burn mouse model, Pseudomonas aeruginosa, biofilm, plant extracts
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INTRODUCTION
Biofilms are microbial networks comprising
of at least one type of microorganisms in exceptionally
organized surface-adherent structures. Studies

published in the last three decades suggest that the
bacteria in most settings reside in the biofilm mode of
growth, whereas the planktonic form is regarded as a
transition phase (1). The National Institutes of Health
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(NIH) suggests that bacterial biofilms are responsible
for over 80% of chronic diseases and about 65% of
microbial infections (2). Among these microbes,
Pseudomonas aeruginosa is viewed as the most
threatening microorganism, capable of biofilm
capable of forming biofilms on a wide variety of
surfaces (3).
The biofilm matrix of Pseudomonas
aeruginosa comprises principally of polysaccharides,
extracellular DNA, lipids and proteins (4). The critical
arsenal of Pseudomonas aeruginosa is the resilient
biofilm, which can survive, and compete particularly
in the polymicrobial environment in cystic lung
fibrosis (5). Pseudomonas aeruginosa can colonize on
various surfaces such as indwelling medical devices
(urinary catheter, central venous catheters, intrauterine
devices, etc.), and equipment in the food industry
(tubing, vats, and mixing tanks). The quorum-sensing
system of Pseudomonas aeruginosa las and rhl,
regulates various virulence factors production (6).
Biofilms act as significant barriers to antibiotic
penetration, thus finding new drugs that can prevent
biofilm formation or adhesion would be of
considerable attention (7).
Due to increase antibiotic resistance and
failure to treat biofilm-related infections, many
researchers have focused on alternate agents, such as
natural plant extracts and several plant-based
biologically active pharmaceutical substances, for the
inhibition of biofilm development and detachment of
existing biofilms. Medicinal herbs have been utilized
as traditional remedies for human ailments (including
infections) for thousands of years. Dandasa (Juglans
regia) is commonly used as a lip beautifying and teeth
cleaning agent by women of Khyber Pakhtunkhwa
province of Pakistan. Similarly, among many drinks
used in Asian and Middle Eastern countries green tea
(Camellia sinensis) is one of the most popular.
Likewise, Sea buckthorn (Hippophae rhamnoides) is
commonly used in northern areas of Pakistan as a food
item. The non-toxicity and efficacy of these extracts
against biofilm-forming pathogens make them a good
candidate for controlling biofilm-related infections.
Burn mouse is an ideal model to study systemic and
localized infections (8). In this study, we used in vitro
and in vivo (burn mouse model) assays to determine
the inhibitory activity of Juglans regia, Camellia
sinensis and Hippophae rhamnoides against
Pseudomonas aeruginosa.
METHODS
Sample collection
In this study, 60 previously collected
Pseudomonas aeruginosa isolates, parts of
Immunology and Infectious Diseases Research
Laboratory (IIDRL), Department of Microbiology,
University of Karachi, isolate bank was used.

Nizami et al. 2021: In vitro and in vivo efficacy of natural plant extracts

Quantitative biofilm analysis
The microtiter-plate method was utilized to
analyze the biofilm-forming potential of the
Pseudomonas aeruginosa isolates (O'Toole, 1999). In
brief, cultures of Pseudomonas aeruginosa and
Pseudomonas aeruginosa ATCC 27857 (used as
control) were inoculated in 5-ml of Tryptic soy broth
(TSB) and cultures were allowed to attain a stationary
phase. Cultures were diluted (1:100) in TSB. Diluted
culture (100ul) was pipetted into each of two wells in
a non-tissue culture treated fresh microtiter plate with
the lid closed and incubated for 48 hours at 37 ºC.
After incubation, the planktonic bacteria were
removed by washing the wells with water.
Subsequently, the wells were stained with 0.1%
Crystal Violet (CV; 125ul) solution. Plates were
incubated at room temperature for 10 minutes. The
plates were washed with water, and 95% ethanol
(200ul) was added to each stained well. Solubilization
of dye was performed by covering plates and
incubating for 10 min at room temperature.
Subsequently, the content of each well was mixed by
pipetting, and 125ul of the crystal violet/ethanol
solution was shifted to a new flat-bottom 96-well plate
(optically clear). The optical densities (OD) of each
well were estimated at a wavelength 630 nm.
Antibiotic resistance/susceptibility profile
Pseudomonas aeruginosa isolates were
tested for antibiotic resistance/sensitivity against eight
commonly
used
antibiotics
(Cephalexin,
Chloramphenicol,
Gentamicin,
Vancomycin,
Erythromycin,
Tetracycline,
Ampicillin,
and
Ofloxacin) using the Kirby-Bauer disk diffusion
method. Isolates were grown in the Mueller Hilton
Broth (MHB) at 37 ºC for 2 hours in a shaking water
bath. Following incubation, cultures were diluted to
match the McFarland index 0.5. The diluted cultures
were plated on the Mueller Hilton Agar plates, and the
bacterial lawn was prepared with the help of sterile
cotton swabs. The antibiotic disks (commercially
available) were carefully placed on the lawn and
incubated at 37 oC for 24 hours. The next day,
resistance or sensitivity was assessed by measuring the
zones of inhibition around each disk. Antibiotics
giving zone of inhibition of 12 mm or more were
considered susceptible.
Antimicrobial activity of the plant extracts
For the antimicrobial activity, 1 mg/ml
aqueous stock solution of natural plant extracts
(Camellia sinensis, Juglans regia, and Hippophae
rhamnoides) were prepared. The antimicrobial activity
of the extracts was measured using the agar well
diffusion method. Briefly, the 0.5 McFarland indexmatched bacterial cultures were plated on the Mueller
Hilton Agar plates, and the bacterial lawn was
prepared with the help of sterile cotton swabs. Three,

13
PAKISTAN JOURNAL OF MICROBIOLOGY (PJM) www.thepsm.org/journal/index.php/PJM

Pak J Microbio 2021: 1(02):12-17

one cm holes were punched in the plates and each of
the plant extracts was added to each hole. The plates
were incubated at 37 oC for 24 hours. The next day,
the antimicrobial activity of the plant extract was
assessed by measuring the zones of inhibition around
each well. The minimum inhibitory concentration
(MIC) of three plant aqueous extracts was determined
using the micro broth dilution method in the 96-well
microtiter plate (Aboaba, 2006). Briefly, 1 mg/ml of
plant extracts (stock solution) were serially diluted
(two-fold) in TSB broth (100ul) and the 0.5 McFarland
index-matched culture (10ul) was added to each well.
One well served as blank, whereas others served as
control of the culture. Plates were incubated for
twenty-four hours at 37ºC. The MIC was noted when
the well display no noticeable growth.
In vivo activity of the plant extracts using the burn
mouse model
The virulence of various Pseudomonas
aeruginosa mutants has been examined in the
modified Burned-Mouse Model as described by
Stieritz and Holder (Stieritz and Holder 1975). For our
study, male, BALB/c mice weighing 25 g each were
used. Mice were divided into two groups, with 3 mice
in each group. Anesthetic ether was used to anesthetize
the mice, and their abdominal cavity was shaved. The
shaved skin was exposed to hot water (90 °C) for 10
seconds to induce thermal injury. This type of injury
is non-fatal, however, causes a 3rd-degree burn of fullthickness. The first group of mice was subcutaneously
injected with 100 ul of Pseudomonas aeruginosa
culture directly below the burn, followed by injection
of 500 ul (5%) of plant extracts of Camellia sinensis,
Hippophae rhamnoides, and Juglans regia, while the
second group of mice was subcutaneously injected
with 100 ul of Pseudomonas aeruginosa culture only
(and no extract) directly below the burn. Mice were
comfortably placed for observation for 48 hours, after
which the mortality rate of infected mice was
recorded. After 48-hour, living mice were killed by
cervical dislocation, and heart, liver, and spleen from
all three groups were homogenized in sterile saline.
Subsequently, 1 ml of suspension was cultured onto
the blood agar. Wound swabs were also cultured on
the blood agar. The plates were incubated at 37 °C for
24 hours and the next day plates were examined for
growth and the colony forming units (CFU)/ml count
was calculated.
RESULTS
Quantitative Biofilm Analysis
In the present work, the biofilm-forming
potential was examined for all Pseudomonas
aeruginosa isolates as well as for the Pseudomonas
aeruginosa ATCC 27857 (used as control). The
clinical Pseudomonas aeruginosa isolates were found
to be dominant biofilm formers (OD630 >0.5-1) as
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compared with Pseudomonas aeruginosa ATCC
27857 isolate which exhibited an OD of 0.2 (Figure 1).
Antibiotic resistance/susceptibility profile of the
Pseudomonas aeruginosa isolates
We tested the antibiotic resistance/susceptibility
profile for all the clinical isolates of Pseudomonas
aeruginosa against eight antibiotics (Ofloxacin OFX,
Chloramphenicol C, Erythromycin E, Tetracycline
TE, Gentamicin CN Chloramphenicol C, Ampicillin
AMP, Cephalexin CL and Vancomycin V). Most of
the isolates were resistant to at least one or more
antibiotics. Most isolates were susceptible to
Gentamicin and Ofloxacin, while resistant to
Ampicillin and Erythromycin (Table 1).
Antimicrobial activity of the plant extracts against
Pseudomonas aeruginosa isolates
The antimicrobial activity of Camellia sinensis,
Hippophae rhamnoides, and Juglans regia aqueous
extracts was evaluated using the agar well diffusion
method. All three extracts were found to be quite
effective against all the isolate of Pseudomonas
aeruginosa (Table 2). MIC values of the plant extracts
were tested and found to be in the range of 250-1000
ug/ml.
In vivo activity of the plant extracts using the burn
mouse model
The antimicrobial activity of aqueous
extracts of Juglans regia, Camellia sinensis, and
Hippophae rhamnoides was determined using the burn
mouse model. In this analysis, Juglans regia, and
Hippophae rhamnoides extracts were found to be most
effective in controlling the Pseudomonas aeruginosa
infection with 0-4 CFU/ml in organ homogenate
obtained from the treated mice (Figure 2A).
Interestingly, the treated mice also showed appreciable
healing of the burn wounds (Figure 2B). Mice given
no treatment died of infection within 24 hours, and
CFU was too numerous to count.
DISCUSSION
In this study, we evaluated the biofilm forming
potential
as
well
antimicrobial
susceptibility/resistance profile of Pseudomonas
aeruginosa isolated from clinical samples. We
subsequently evaluated the anti-microbial and antibiofilm activity of three natural compounds (Camellia
sinensis, Hippophae rhamnoides, and Juglans regia)
under in vitro and in vivo (burn mouse model)
conditions. Biofilm formation has been reported in
many pathogenic and multi-drug resistant organisms
such as Klebsiella pneumoniae, Pseudomonas
aeruginosa,
Staphylococcus
aureus,
and
Staphylococcus epidermidis.
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1.2
1
0.8
0.6
0.4
0.2
0
Pseudomonas aeruginosa isolates
(average)

Pseudomonas aeruginosa ATCC 27857

Figure 1: Quantitative biofilm analysis of Pseudomonas aeruginosa clinical isolates (n=60) as well as Pseudomonas aeruginosa
ATCC 27857 strain. The biofilm-forming potential was determined using OD630 nm.
Table 1: Antibiotic susceptibility/resistance profile for Pseudomonas aeruginosa isolates against eight antibiotics. Key: V =
Vancomycin, E = Erythromycin, TE = Tetracycline, C= Chloramphenicol, AMP = Ampicillin, OFX = Ofloxacin, CL = Cephalexin
and CN = Gentamicin.

Percentage of isolates resistant or susceptible to antibiotics
Percent resistant isolates
CL
CN
OFX
E
Pseudomonas
53
aeruginosa
38
20
73
isolates (n=60)
Pseudomonas
aeruginosa 0
0
0
0
ATCC 27857
Percent susceptible isolates
CL
CN
OFX
E
Pseudomonas
aeruginosa
47
62
80
27
isolates (n=60)
Pseudomonas
100
100
100
aeruginosa 100
ATCC 27857

VA

TE

C

AMP

67

58

57

0

0

0

0

VA

TE

C

AMP

33

42

43

17

100

100

100

100

83

Table 2: Zones of inhibition and minimum inhibitory concentration aqueous extracts of Juglans regia, Camellia sinensis, and
Hippophae rhamnoides.

Culture

Pseudomonas
aeruginosa
(n=60)

Juglans regia
Average zone
Average
of inhibition
MIC
(mm)
(ug/ml)
17-20

500

An aqueous plant extract used
Camellia sinensis
Hippophae rhamnoides
Average zone
Average
Average zone of
Average
of inhibition
MIC
inhibition
MIC
(mm)
(ug/ml)
(mm)
(ug/ml)
18-20

1000

15-19

500

Figure 2: In vivo activity of aqueous extracts of Juglans regia, Camellia sinensis, and Hippophae rhamnoides against Pseudomonas
aeruginosa in the burn mouse model. A)
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Furthermore,
emerging
antimicrobial
resistance in clinically significant pathogens, such as
Helicobacter
pylori
(causative
agent
of
gastroduodenal pathologies) and Mycobacterium
species involved in serious medical conditions may
also be attributed to their biofilm-forming potential
and thus increasing the severity of the infection. In this
study, we found out that almost all the clinical isolates
of Pseudomonas aeruginosa were potent biofilm
former which is in accordance with studies conducted
by Hussain and Raad (9). We also found that most of
the isolates were resistant against the generally used
antibiotics particularly, Erythromycin and Ampicillin.
This observation is also supported by other studies
conducted in Pakistan, such as by Lubna et al, (2019)
and Waheed et al (2016), who demonstrated resistance
against multiple antibiotics in clinical isolates of
Pseudomonas aeruginosa (10, 11). Infections
instigated by multi-drug resistant Pseudomonas
aeruginosa isolates are increasing frequently,
primarily due to the injudicious use of antibiotics.
Increasing antibiotic resistance also warrants the need
to search for antimicrobial agents from alternate
sources, such as plants. In our study, we screened three
aqueous plants extracts for their antimicrobial and
antibiofilm potential. Our results revealed that extracts
of Juglans regia (Dandasa), Camellia sinensis (Green
Tea), and Hippophae rhamnoides (Sea Buckthorn)
were quite effective in inhibiting the growth of
biofilm-forming isolates of Pseudomonas aeruginosa,
with MIC in the range of 500-1000 ug/ml. Our results
are in agreement with previous studies that have also
shown the efficacy of Juglans regia (12, 13),
Camellia sinensis (14, 15), and Hippophae
rhamnoides (16) against Pseudomonas aeruginosa.
In vivo drug interaction and its efficacy are important
parameters, which should be evaluated prior to the use
of a drug to treat infections in humans or animals.
Animal models are effective and important tools to
study in vivo as well as pre-clinical efficacy of
antimicrobial agents. In this study, we developed a
burn mouse model, which is an ideal model to study
systemic and localized infections, as well as to test the
efficacy of different antimicrobial agents (17). We
found aqueous extracts of Juglans regia and
Hippophae rhamnoides to be effective in not only
inhibiting/controlling
Pseudomonas aeruginosa
infection but also showed healing of the burn wound.
These results were in line with previous studies
showing in vivo efficacy of plant extracts against
clinically significant pathogens (18, 19). In summary,
our findings support the role of plant-derived
antimicrobial agents as effective alternatives to curb
the emerging antibiotic resistance.
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ABSTRACT
Introduction: Mupirocin is a topical ointment and de-colonizing agent, used to reduce the burden of Staphylococcus
aureus from nasal nares. Unjudiciary use of mupirocin has resulted in the emergence of resistance mediated by a gene
mupA found to be associated with high-level mupirocin (HLMup R) resistance. The objectives of this study were to
find out the prevalence of MRSA/MSSA, mupA gene, and antimicrobial resistance among burn patients and outdoor
patients.
Material and Methods: A total of 238 non-repetitive specimens were collected from nasal nares and burn wounds of
patients in two tertiary care hospitals. S. aureus was isolated by conventional biochemical and molecular methods.
Prevalence of resistance gene and antimicrobial susceptibility were identified by PCR and Kirby Bauer disk diffusion
method respectively.
Results: The prevalence of MRSA was 13% (32/238) and MSS 29% (70/238). We screened 102 isolates for the mupA
gene and found 21 MRSA and 12 MSSA with a total of 33 isolates carrying this gene and the p-value was 0.0001.
Most strains were found to be MDR.
Discussion and Conclusion: MRSA strains are prevailing in hospital environments whereas mupA gene carriage rate
shows that antimicrobial use of mupirocin to decolonize bacteria needs to be minimized. Antimicrobial stewardship
and closed surveillance may be regulated.
Keywords: S. aureus, mupirocin, mupA, HLMR
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INTRODUCTION
Antimicrobial resistance is the paramount
complication of overuse of antibiotics, on the way to
achieving successful therapy of infectious diseases.
The emergence of antibiotic-resistant strains
especially MDR and XDR failed the current
antimicrobial strategies (1). This situation has posed a

serious global threat and is increasing gradually.
Staphylococcus aureus is a notorious pathogen in
hospitals as well as in community settings (21). It is
resistant against most of the currently available
antibiotics and is a resident of approximately 30 % of
people in their noses (2). However, its carriage is also
not safe and it may lead to a high risk of getting
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infectious or different diseases. (3). The methicillinresistant form called MRSA is frequently found inside
hospitals among patients as well as health care workers
(22). Mostly it is asymptomatic when colonizes human
nostrils and is called hospital-acquired infection (HAI)
(4).
Mupirocin (Bactroban; SmithKline Beecham
Pharmaceuticals), an antibiotic is effective for the
eradication of nasal carriage of S. aureus however its
prolonged usage has resulted in the emergence of
a contaminated object or inhaling infected droplets
spread by sneezing or coughing. However, the bacteria
can move through the bloodstream (called bacteremia)
and infect nearly any site in the body, predominantly
heart valves (endocarditis) and bones (osteomyelitis)
(7). The bacteria also tend to amass on medical devices
in the body, such as artificial heart valves or joints (8).
Staphylococcus aureus infections range from mild to
life-threatening diseases. Despite its role as normal
flora of the skin, this bacterium tends to infect include
colonial morphology, DNase, coagulase, catalase, and
PCR reactions. This study has been designed to find
out the prevalence of MSSA and MRSA and mupA
genes in hospital patients. As mupirocin is a front-line
antibacterial to remove or eradicate nasal bacteria,
resistance against this drug is of major concern among
health care professionals. Its use in patients of thermal
injury is necessary to prevent invasion from
opportunistic bacteria. The study is very important to
know the prevalence of genes in bacteria and the
pattern of antimicrobial resistance in Pakistan.
MATERIAL AND METHODS
The study was conducted at the molecular
biotechnology laboratory Pakistan Council of
Scientific and Industrial Research Labs (PCSIR) and
diagnostic microbiology laboratory Civil Hospital
Gujranwala. The samples were collected from two
tertiary care hospitals namely Mayo Hospital Lahore
and Civil hospital Gujranwala. Mayo hospital Lahore
has a pediatric burn unit where the patients were
having burn wounds. They were given common
antibiotics to kill bacteria in wounds and were also
administered with mupirocin ointment to lower the
burden of MRSA colonization hence minimizing the
risk of infection and invasion of MRSA. Similarly,
patients with minor burn wounds visiting the outdoor
patient department (OPD) were also included in the
study and nasal samples of anterior nares were
collected. The research was carried out between June
2016 to May 2017. Samples were collected precisely
and transferred to the laboratory for isolation and
characterization of S. aureus strains by conventional
methods and molecular identification by PCR using
mecA primer.
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staphylococcal aureus strains with high and low levels
of resistance. Mostly, low-level (MICs between 8 and
256 mg/ml) mupirocin-resistant strains are isolated,
while high-level (MICs greater than 500 mg/ml)
mupirocin-resistant strains are occasionally isolated
(5). Staphylococcus aureus is the leading cause of
surgical site infections (SSI) osteomyelitis, skin and
soft tissue infections (SSTI), in health care and
hospital settings the skin regularly causes abscesses. It
spreads by direct contact with an infected person or via
Initial Identification and Screening of Bacteria
Samples were collected with sterile cotton
swabs and isolation and characterization of S. aureus
were carried out by conventional biochemical
methods. However, MRSA strains were isolated both
phenotypically by Cefoxitin (30ug) and molecular
identification by PCR using mecA primer.
Antimicrobial Susceptibility Tests
Antimicrobial resistance was detected by the
Kirby-Bauer disk diffusion method according to
clinical laboratory standards institute (CLSI 2016)
recommendations. Mupirocin resistance strains were
isolated according to recommendations of CLSI by
disk diffusion method and also by broth dilution
method. In the disk diffusion method disks of 200µg
were used and the zone of inhibition was measured
after 24-hour incubation. Vancomycin resistance was
measured and for this single E-test strip was applied to
each plate with sterile forceps. These plates were
incubated for 24 hours, MICs were determined as the
point of interception of the zone of inhibition with the
E-test strip. (11) All the isolates were screened for the
presence of mecA and mupA genes by the use of
Polymerase Chain Reaction (PCR). Primers for genes
were selected from already published sequences
having Gene Bank Accession numbers X52593.1
RESULTS
Out of 238 clinical samples, we obtained a
total of 102 isolates of S. aureus organisms. A total of
63 and 175 specimens were obtained from outdoor and
indoor patients respectively. All these specimens were
analyzed and we isolated 16 from OPD and 51 from
indoor patients in Mayo Hospital Lahore whereas 11
from OPD and 24 from admitted patients in Civil
Hospital Gujranwala. From the table below it was
shown that the maximum resistance was formed
against penicillin, amoxiclav, tetracycline, and
erythromycin whereas vancomycin was highly
effective but its exact performance cannot be detected
without the MIC test. The organisms were not
inhibited by antibiotics when applied on a lawn of 0.5
McFarland suspension of microorganisms.
PCR results of MRSA and MSSA isolates of
S. aureus were visualized on gel and identified
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according to the molecular weight of the gene.
According to this, there are 07 mupA positive genes
from MRSA and 03 mupA positive MSSA
representing burn wound specimens. Similarly, 14 and
9 isolates of MRSA and MSSA respectively were
positive from nasal swab specimens. Hence we
obtained a total of 33 mupA positive isolates. Fig
indicate the position of mupA and mecA positive
isolates.
DISCUSSION
Pathogenic microorganisms are becoming a
big threat now as resistance against antibiotics is on its

rise and nearly all antibiotics are losing effectiveness
against them (21). The presence of MRSA in burn
patients had already posed serious issues in clinical
therapy which is now an immense problem. In this
regard, mupirocin is widely used in burn patients in
hospitals and in health care homes for the eradication
of nasal bacteria (23).
In hospitals of some countries, it is used for the staff
in order to decolonize MRSA from nasal nares. We
studied both, MRSA burden and resistance against
different drugs of common use and the presence of
mupA gene which encodes mupirocin resistance.

Table no. 1: Sequences of oligonucleotides used in the research
Gene
mecA
MupA

Oligonucleotide Sequence
F: GTAGAAATGACTGAACGTCCGATAA
R: CCAATTCCACATTGTTTCGGTCTAA
F: TAT ATT ATG CGA TGG AAG GTT GG
R: AAT AAA ATC AGC TGG AAA GTG TTG

Size

Ref

310 bp

(9)

456 bp

(10)

Table no. 2: Number of resistant isolates with percentage against antimicrobial drugs
ANTIBIOTICS NAME
Amoxi-Clav (AMC) 30µg
Cefoxitin (FOX) 30µg
Imepinim (IMP)
Chloramphenicol (C) 30µg
Ciprofloxacin (CIP) 5µg
Clindamycin (DA) 2µg
Erythromycin (E) 15µg
Fusidic acid FD) 10µg
Mupirocin (MUP) 200µg
Penicillin (P) 10µg
Sulf/Trimeth (SXT) 25µg
Tetracycline (TE) 30µg
Vancomycin (VA) 30µg

NO OF RESISTANT ORGANISMS
BURN WOUND
NASAL
39
46
18
14
36
25
21
16
43
26
29
31
34
44
24
21
23
10
43
54
36
22
41
50
03
00

TOTAL (n=102)
85 (82%)
32 (31%)
61 (60%)
37 (36%)
69 (68%)
60 (61%)
78 (76.5%)
45 (44%)
32 (35%)
102 (100)
58 (57%)
91 (89%)
03 (3%)

Table 3: mupA positive isolates in MRSA and MSSA strain
Category

mupA positive MRSA

mupA positive MSSA

TOTAL (%)

BURN WOUND

07

03

10 (21%)

NASAL SWABS

14

9

23 (42%)

Total

21

12

33 (32.3%)
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Figure:1 This picture depicts the PCR product on Agarose Gel electrophoresis analysis of mecA gene and mupA genes: Lane M
shows molecular marker (range 250bp-1000bp); Lane 1: mecA gene (310 bp) Lane 2,5shows mupA gene product (456 bp) and lane
3, 4 are negative controls of wild type strains 25923; Lane 6, 7: negative control DNA free water.

Although many studies have been conducted to find
out mupA genes in bacteria (12), these have reported
different data based on different criteria set for
research. However common thing among is the
prevalence of mupA gene in pediatric patients in
dermatology and burn units of hospitals. Most research
has been conducted on mupirocin use in dermatology
patients and skin and soft tissue infections (SSTI).
However, we conducted our study on patients from
dermatology burn wounds partially from the
dermatology department and some were from burn
patients.
According to Krishnan et al (2002), only one
isolate was reported to be mupA positive from burn
patients (12). In another study conducted by Canadian
Nosocomial
Infection
Surveillance
Program
researchers, Andrew E et al isolated high resistant
mupirocin (HLmup) strains from 198 S. aureus
However there was an increase in this proportion from
1.6% in (1995-1999) to 7.0% for the duration of (20002004) (14). According to another study conducted on
children at Texas children hospital USA, 20 isolates
were resistant to mupirocin which were 14.7%
however 11 % of strains were carrying mupA gene, the
children were reporting for Skin and Soft Tissue
Infections (SSTI) where the ratio of mupA was more
common in MSSA as compared to MRSA strains (15).
One study resembled to be matched with our results of
mupA prevalence as recently conducted in Pediatric

Dermatology Division New York City 31.3% patients
were carrying mupA gene (16). One study from
surgical intensive care unit mupirocin resistance was
13.2% out of 302 isolates of MRSA where 8.6% were
high-level resistance using MIC method (17).
Similarly, 14.1% mupA positive isolates were
recovered from 193 MRSA strains in a dermatology
center in Korea (18). A recent study conducted by
Antonov NK et al (2015) from a pediatric care center
can be similar to our study concerning the percentage
of mupA gene presence where they identified 31.3%
mupA positive isolates from 358 collected isolates.
The children were being treated for skin and soft tissue
infections (SSTI,s).
As we collected a total of 238 specimens
from two hospitals where burn wound patients are
treated. Mayo hospital Lahore is a pediatric burn unit
where children are kept for treatment. The patients
were on various antimicrobial and antiviral drugs as
well as topical ointments and were also prescribed
with mupirocin ointment to reduce the burden of
colonized bacteria. This is a strategy to minimize the
infection which might be prevailing in the hospital
environments with healthcare-associated MRSA.
Similarly, patients in Civil Hospital Gujranwala had
also been prescribed mupirocin ointment to combat
hospital-acquired infection of MRSA. We know that
there are also other opportunistic bacteria present in
the environment that may be isolated but the scope of
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this was only to isolate S. aureus harboring genes for
mupirocin resistance. Hence we only isolated MRSA
and MSSA from the specimens. But there are various
reports about Coagulase Negative S. aureus (CoNS)
which also carry this gene (19). The rate of indoor
isolates of infectious S. aureus was 75 which is three
times higher as compared to outdoor isolates where
there were 27. This shows how hospital-acquired
MRSA is common in hospitals and this burden is a
great obstacle in the treatment of burn wounds. Since
the use of ointment of mupirocin and resistance against
this are both increasing, there is a need for a rapid,
accurate test for high-level mupirocin resistance in the
clinical laboratory. To our knowledge, this is the first
report of the prevalence of mupA genes detected from
Pakistan which encode high-level mupirocin
resistance that was tested on a significant number of
clinical isolates using the disk diffusion method. Our
results showed a huge resistance profile against
commonly used antibiotics by S. aureus and especially
MRSA strains which we isolated in this study. Blactam antibiotics which had already lost efficacy
against MRSA are useless and is reflected by our
antibiogram profile. The last hope in the antibiotic
lineage is vancomycin however it also has lost some
effectiveness and we found 03 strains resistant against
this antibiotic. Penicillin showed ineffective against
100 percent isolates including MSSA, 82% of isolates
were found to be resistant against amoxiclav (AMC)
30µg, 89% against tetracycline, 57% against
sulf/trimeth (SXT), and 77% isolates showed
resistance against erythromycin (E) antibiotics. The
rate of resistance is increasing day by day and
antibiotics are losing effectiveness.
Hospital-acquired infections (HAI) are now
more prevalent as compared to the past. Health
professionals are the key source of S. aureus reservoirs
which is a danger to infection control. In the presence
of these strains recovery of burn, patients may be
prolonged and the cost of cure may increase which
affects financial as well as health infrastructures.
If we compare our study with other studies in the
region we can say that burden of MRSA and infectious
bacteria prevailing in the health care environment are
the big problem in the way of antimicrobial therapy
courses.
In our study, there are many limitations that
we are going to mention here. First, we only used the
disk diffusion method to identify mupirocin resistance
S. aureus. If we use minimum inhibitory concentration
(MIC’s) there are three states of mupirocin
susceptibility have been described against colonizing
S. aureus. These are mupirocin susceptibility with
minimum inhibitory concentrations (MICs) 4 µg/mL,
low-level mupirocin resistance with MICs from 8 to
64 µg/mL, and high-level mupirocin resistance with
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MICs 512 µg/mL (20). However, we only determined
high-level mupirocin resistance instead of using
minimum inhibitory concentration (MIC) and used
antimicrobial disks of 200ug whereas on the other side
to accurately identify resistance isolates we also used
the PCR method for mecA gene and mupA genes which
encode resistance.
CONCLUSION
Findings obtained from the study suggest minimizing
the use of antibiotics such as mupirocin in order to stop
dry resistant strains from emerging. Closed
surveillance against antimicrobial resistance bacteria
should be carried out in order to prevent future
outbreaks and obstacles for successful therapy.
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ABSTRACT
COVID-19 is an evolving pandemic and has spread to over 200 countries claiming approximately 3730000 deaths.
While scientists work at the forefront of developing strategies to counter this deadly virus, many have identified the
significance of bacille Calmette-Guerin (BCG) vaccine against conferring immune protection against COVID-19. This
observation comes amidst a significantly lower mortality rate in countries where the BCG vaccine remains an integral
part of the neonatal vaccination regimen. Even though the purpose of the vaccine in these countries is to protect against
tuberculosis infection; the BCG vaccine has shown protective effects against non-mycobacterial infections and certain
cancers. In this review, we highlight these observations and discuss the various vaccine-host immune interactions,
particularly the role of cytokines that may have a role in conferring immuno-protection against COVID-19 in BCG
vaccinated individuals.
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INTRODUCTION
Tuberculosis (TB) remains an endemic
disease in many countries such as Pakistan, India,
China, and Bangladesh among others. In these
countries, Bacillus Calmette–Guérin (BCG) vaccine is
intradermally given to neonates, usually on the first
day of life. This live attenuated vaccine has
demonstrated efficacy in not only protecting against
tuberculous/non-tuberculous infections, such as
leprosy but also against certain cancers, such as the
bladder (1) and colorectal, and autoimmune disorders,
including melanoma (2). The proposed mechanism for
BCG in all these cases is an initial stimulant to a
person’s immune system. The ability of BCG to confer
protection against such widespread diseases has

persuaded scientists to hypothesize that BCG can also
confer immunoprotection in COVID-19 patients. In
this review, we highlight we discuss the various
vaccine-host immune interactions, particularly the role
of cytokines that may have a role in conferring
immuno-protection against COVID-19 in BCG
vaccinated individuals.
Mechanism of Action of BCG
As summarized in Figure 1, following
intradermal
administration,
BCG
antigens
stimulate/prime macrophages and dendritic cells
(DCs). These cells when interacting with the actual
pathogens, via Pathogen Associated Molecular
Patterns within the antigen, such as peptidoglycans,
mycolic acid, etc. (2-4), readily phagocytose the
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pathogens, followed by the immune-mediated release
of several cytokines, such as IL-1β, IL-2, IL-6, IL-8,
and IL-12, IFN-gamma, MCP-1 and TNF-α (3-5). The
phagocytosed pathogens are processes/degraded and
presented via MHC class I and II molecules to the cells
of adaptive immunity, not only promoting pathogen
clearance via the release of inhibitory cytokines, such
as interferons, but also aid in developing immune
memory (4). It is also suggested that neutrophils play
an essential role in enhancing the action of DCs via the
release of IL-2 (6). Th-17 cells, T-regulatory cells, and
CD-1 restricted T-cells also contribute to the BCGimmune response, however to a lesser extent. The
induction of CD8+ T cells also takes place, which is
known to mediate toxic effects via perforins, causing
cell lysis (3, 4). On the note, the significance of CD8+
T cells in controlling SARS-CoV-2 (the virus
responsible for CVID-19) is increasingly being
recognized. Furthermore, non-antibody secreting B
cells are also found to play a key role in enhanced
immune response following BCG (7).
BCG, trained immunity, Cytokines, and Anti-viral
Effect
Recent pieces of evidence suggest that BCG
confers nonspecific (heterologous) antiviral immunity
in addition to protecting Tuberculosis (TB) (8, 9).
BCG has shown to provide immune protection against
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viral infections such as respiratory syntactic virus,
human papillomavirus, influenza virus, etc (10).
Moreover, BCG is also shown to act as an adjuvant,
when co-administered with virus-targeting vaccines
such as the Hepatitis B vaccine, generating enhances
the antibody-mediated effects against Hepatitis B
virus via increased production of cytokines (11).
Several plausible explanations have been suggested
with context to the role of BCG in providing innate
immunity. Heterologous lymphocytes may be
involved in the activation of memory B cells that are
unique to non-target antigens, hence adapting the T
helper cells’ (subset 1 and 17), responses to secondary
non-mycobacterial infections. BCG also considerably
improves the generation of inflammatory chemokines,
such as IL-1β and TNF-α, from mononuclear
peripheral blood cells, especially when stimulated
with non-similar pathogens. This reaction promotes
enhanced activation of the markers CD14, TLR4, and
CD11b, as well as monocyte epigenetic
reprogramming, where monocytes undergo histone
alteration at the promoter of genes expressing
proinflammatory cytokines, resulting in longstanding
improvements in their capacity to respond to novel
stimuli, culminating in a significantly prompt immune
response when reactivated (12).

Figure 1: Proposed mechanism for immune-protective effect BCG vaccination: BCG activates macrophages and
dendritic cells that induces the release of antiviral cytokines, such as IL-2, IL-1β, IFN-gamma, and TNF-α etc. BCG
also stimulates the production of CD4+and CD8+ T cells and anti-viral antibodies.
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An increase in monocyte-related cytokine production
by the BCG vaccine plausibly confers anti-viral
immunity via:
1) Generation f “cross-reactive T-cell
responses” in event of viral re-exposure,
leading to amplified CD4/ CD8 T-cell
activity, as well as an increase in titers of
functional antibodies against secondary viral
infections.
2) Epigenetic reprogramming of the cells of the
monocytes lineage, leading to the greater
synthesis of pro-inflammatory and potent
antiviral cytokines such as IL-1b, which
contributes towards sustained anti-viral
immunity(10-12).
Additionally, some immune studies suggest that
BCG is also capable of mounting ‘trained immunity’,
i.e. the capability of inducing innate immune memory
mediated by innate cells (NK cells, macrophages, and
monocytes); that produce cytokines like IL-1β and IL6; thus developing specific cell-mediated response to
protect against both viruses, i.e. DNA and RNA (10).
The ability to muster trained immune response via
innate cells may prove beneficial in preventing viral
infections and can serve as an alternate approach for
conferring immune protection against the virus.
However, in presence of limited in vivo support, major
clinical trials need to be performed to validate this
correlation and test this alternate approach(10).
BCG-mediated lung protection and protection
against respiratory viruses
Numerous trials, notably that of Wardhana
and colleagues (13), have shown a significant
diminution in the development of acute upper
respiratory tract infection (AURTI) in individuals
aged >65 years, who received monthly BCG vaccine
dose for three consecutive months. Recent
investigations suggest that mucosal intranasal
administration of BCG confers enhanced lung
protection, via an increase in antigen-specific CD4+
cells residing in lung parenchyma with enhanced
proliferative capacity. Hence, it is suggested that
mucosal administration of BCG has direct immuneprotective effects on the lung, which can explain the
synergistic role of the BCG vaccine in Influenza virus
infection, where BCG enhances the removal of
apoptotic cells by alveolar phagocytes, by an effect
independent of IFN-Y; thus preventing lung injury
(10, 14).
A similar kind of immunoprotective profile is
also seen in the case of Respiratory Syncytial Virus
(RSV), where BCG-mediated protection from RSV
and lung pathology was mediated by the stimulation
of balanced Th1 immunity (prime mechanism of
action of BCG), which involves the activation of IFN-
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gamma secreting T cells, while significantly reducing
infiltration of inflammatory cell in the airways (15,
16).
BCG coverage and COVID
The novel coronavirus outbreak began in the
Wuhan city of China in 2019 as pneumonia of
unknown etiology. RT-PCR testing of nasopharyngeal
and oropharyngeal swabs revealed the organism as
being a variant of the coronavirus (17). This viral
epidemic soon converted to a WHO declared
pandemic and has affected more than 218 countries
worldwide. At the time of writing this article,
approximately 173 million people have been infected,
causing approximately 3730000 deaths.
The COVID-19 heat map has raised
speculations with mortality rate significantly low in
TB endemic regions where BCG forms the mandatory
component of the neonatal vaccine regimen (18). A
comparison, showing the distribution of countries that
either has a universal BCG vaccination program, don’t
have one in place, or have it only for the high-risk
individuals, suggests striking similarities in terms of
COVID severity and BCG coverage(19, 20).
Countries lacking policy of BCG vaccination, such as
the USA, Spain, and Iceland, etc. reportedly have
more sever COVID-19 cases as compared to countries
with BCG vaccination policy such as Pakistan, Saudi
Arabia, etc. These observations have been reported in
other countries around the globe, including the highly
developed European Union (21). However, there is no
clinical evidence favoring this trend which is
questionable because of an interplay by other
confounding factors.
Even though published literature suggests a
higher incidence of deaths from acute respiratory
illnesses in low-income countries (22), the
observations by Shet and colleagues (18) suggest
otherwise in the case of COVID-19. The authors, after
adjusting for confounders, such as a prevalent younger
population structure in Low-resource countries, rate of
detection of cases and time lag in deaths; the direct link
between the use of BCG vaccine and lower COVID19 attributable mortality seem to be true. While
countries with sustained BCG vaccination programs
seem to have lesser mortality, however, several other
confounding factors could lead to the noticed variation
such as low COVID-19 testing/screening rates, ratio of
young vs old, ethnic distribution, backdrop of chronic
diseases, and major government policies (imposing
lockdown, etc.), economic conditions, availability of
resources (hospitals, doctors, etc.), knowledge and
awareness about preventive measures amongst the
masses(23). Moreover, differences can be seen due to
different strains of vaccine used by countries. Another
recent retrospective cohort study by Moorlag et al
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showed a reduction in the severity of symptoms in
BCG-vaccinated COVID-19 patients, thus indicating
its safe usage (24). However, further clinical trials are
essential to establish the efficacy of this vaccine.

Therefore, the World Health Organization (WHO) has
recommended its usage only in clinical trials which are
underway as specified in Table 1.

Table 1: Ongoing Clinical Trials (Registered in Clinical Trials.gov)
Study Title
“Outcome of
COVID-19
Cases Based on
Tuberculin Test:
Can Previous
BCG Alter the
Prognosis?”

Study
design
Prospective
Casecontrol

Trial
Identifier
NCT04347876

Country
Egypt

Phase
-

Population
100

Intervention Model
description
Group 1 will comprise of
COVID-19 positive
individuals with a
positive tuberculin test
Group 2 will consist of
COVID-19 positive
individuals with negative
tuberculin test

“BCG
Vaccination to
Protect
Healthcare
Workers
Against
COVID-19
(BRACE)”

Randomize
d Clinical
trial (RCT)

NCT04327206

Australia,
Spain,
Netherlands

Phase
3

10078

The experimental group
will receive the BCG
vaccine
Placebo group will
receive 0.9% NaCl
(saline) injection

“Reducing
Health Care
Workers
Absenteeism in
Covid-19
Pandemic
Through BCG
Vaccine (BCGCORONA)”
“Application of
BCG Vaccine
for Immuneprophylaxis
Among
Egyptian
Healthcare
Workers During
the Pandemic of
COVID-19”
“Prevention,
Efficacy, and
Safety of BCG
Vaccine in
COVID-19
Among
Healthcare
Workers”

RCT

NCT04328441

Netherlands

Phase
3

1500

The experimental group
will receive the BCG
vaccine
Placebo group will
receive 0.9% NaCl
(saline) injection

RCT

NCT04350931

Egypt

Phase
3

900

The experimental group
will receive the BCG
vaccine
Placebo group will
receive 0.9% NaCl
(saline) injection

RCT

NCT04461379

Mexico

Phase
3

908

The experimental group
will receive the BCG
vaccine
Placebo group will
receive 0.9% NaCl
(saline) injection
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“BCG Vaccine
in Reducing
Morbidity and
Mortality in
Elderly
Individuals in
COVID-19
Hotspots”

Nonrandomized
Clinical trial

“COVID-19:
BCG As
Therapeutic
Vaccine,
Transmission
Limitation, and
Immunoglobulin
Enhancement
(BATTLE)”

RCT

NCT04369794

Brazil

Phase
4

1000

BCG Group (n = 500)
Placebo group (n = 500):
0.9% saline solution

“Prevention Of
Respiratory
Tract Infection
And Covid-19
Through BCG
Vaccination In
Vulnerable
Older Adults
(BCG-PRIME)”

RCT

NCT04537663

Netherlands

Phase
4

5200

BCG group

“Bacillus
Calmette-guérin
Vaccination to
Prevent
COVID-19
(ACTIVATEII)”

RCT

“Using BCG to
Protect Senior
Citizens During
the COVID-19
Pandemic”

RCT

NCT04475302

India

Phase
3

2175

Interventional group: all
elder individuals aged 60
- 80 years.
The Control group will
not be vaccinated

Placebo group:
Intradermal injection of
sterile 0.9% NaCl.

NCT04414267

Greece

Phase
4

900

BCG group
Placebo group: Normal
saline

NCT04542330

As a safety precaution, it is proposed that
usage of BCG to combat SARS-Cov2 infection
without any clinical proof can not only lead to
exacerbation of immune response and worsening the
disease during the stage of cytokine storm, but also a
shortage of vaccine for regular immunization of
newborns in TB endemic countries. While many
health experts are skeptical about a vaccine
administered in earlier years to have such profound

-

Phase
3

1900

BCG group
Placebo group: Normal
saline

protective effects in later stages of life against
unrelated infections, such as SARS-COV2; this could
be another reason for lower disease severity in
children (25, 26).
A summary of the arguments and an explanation of
differences in mortality rates between BCG
immunization-laden countries has been stated in Table
2.
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Table 2: Arguments in favor and denial of hypothesis and explanation of variation in mortality between BCG
countries
Argument
Support
Favor

•
•
•
•

Non-specific immune response mediated via trained immunity
Data supports an association between BCG vaccination and low COVID-19 cases
Protective effects against lung injury and respiratory infections in neonates
Reduced incidence of worsening symptoms in recently vaccinated BCG individuals with
COVID-19 infection
Against
• No clinical trial has been done to prove the correlation
• Enhanced immunity can lead to an exaggeration of inflammatory response leading to cytokine
storm responsible for ARDS during SARS-COV2 infection
Explanation of differences in mortality rates between BCG immunization-laden countries
•
•
•
•
•
•
•
•
•

Different BCG vaccine strains
Different routes of administration (mucosal route seems to be more protective for lung as compared to systemic)
Use of Recombinant BCG vaccines
Boosters given or not given
Delay in BCG vaccinations (many children do not receive it right after birth)
Vaccination setting
Differences in response to BCG about the different extent of trained immunity amongst individuals
BCG scars/ marks used as a sign of vaccination if records are unavailable which might be misleading
Different timing for introduction of sustained programs

CONCLUSION
In conclusion, the BCG vaccine which has
been used for decades in conferring immunity against
tuberculosis has proven time and time again that it
does have other covert immune-modulatory properties
that can prove beneficial in extra-tuberculous
respiratory tract infection, such as SARS-CoV-2.
Further clinical trials and evidence-based studies are
warranted to prove correlations and explain the
observations mentioned above.
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