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Effect of Sub-Inhibitory Concentrations of
Flucloxacillin or Clindamycin and Plasma on
Staphylococcus aureus Clinical Isolate
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Abstract- Concentrations of antibiotics below the minimum
inhibitory concentration encourages the overgrowth of
organisms and the reason they survive is because they are
resistant to the drugs prescribed and so able to proliferate
quickly, assisted by the sudden access to nutrients and
space.This palpable reality is a potential threat to the future of
health care delivery and forms a basic consideration in the
present study. The influence of sub inhibitory doses of
Flucloxacillin or Clindamycin and plasma on Staphylococcus
aureus clinical isolate was investigated using standard
methods. The immune system is represented with fresh,
preserved human plasma freeonly of erythrocytes. The study
showed that human plasma can slow growth of invading
organisms, even though this will have to be considered
alongside the number of the invading organism and time it
takes for antibodies to be produced. The exposure of the test
organism to sub-minimum inhibitory concentrations of
flucloxacillin and clindamycin showed clear resistance against
the two test antimicrobial agents but significantly against the
narrow spectrum flucloxacillin. This further illustrates effect
ofadministering sub-therapeutic concentrations of antibiotics
and the consequences ofthe invading organism acquiring
resistance.ltis hoped that this research will lead to a re-
examination of how antibiotics areadministered for
management of patients suffering from recurrent S. aureus
related diseases.

Index Terms- Clindamycin, Flucloxacillin, Immune system,
Plasma, Staphylococcus aureus, Sub-inhibitory concentration,

I.  INTRODUCTION

Staphylococcus aureus is an important human pathogen
responsible for a wide array of infections such as
endocarditis, scalded skin syndrome, septic arthritis,
osteomyelitis,toxic shock syndrome, septic arthritis, device
associated infections, a relatively rare, toxin-mediated
disorder, skin and soft tissue infections. [1-5]When the
human body come under attack from this bug, the job of
protecting it shifts to the body immune system. [6]The
immune system is a complex network of cells, signals, and
organs that work together to detects and eliminates invaders,
pathogensthat cause infections.[6, 7]
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As a matter of necessity, the immune system must also
recognize the body’s own self cells, so they are not mistaken
for invaders[8]and the functioning of the immune system is
referred to as immune response. [6]Based on the immune
response, immunity is classified into innate and acquired
immunity.[7]The acquired immunity, has been reported to
be involved in the production of special plasma proteins,
called immunoglobulins or antibodies, which enables the
host to mount a more rapid and efficient immune response
upon subsequent exposure to the antigen.[6, 7]Plasma
cellsare not only capable of secreting high specialized
antibodies, but assist in the transportation of certain agents,
such as leukocytes, macrophages, drugs and alcohol, which
make it an important inhibitory environment for invading
pathogens. [9] Previous studies by Okoreet al. [9] indicates
that a patient’s immune system may become very weak and
not able to get rid of invading pathogens and in such
circumstances, medication maybe required to fight the
infection.It is common knowledge that a lot of people of
developing countries especially in the third world countries
practise self-medication while a lot more would not take
their medication correctly. [9]This practice exposes the
invading organisms to sub-inhibitory doses of the drugs.Sub
inhibitory concentrations, is known to stimulate mutation
and, consequently, bacterial adaptation to different stresses,
including antibiotic pressure. [10] and has become a course
for concern worldwide. [9, 11, 12] The inappropriate use of
antibiotics for different human activities and the
uncontrolled abuse of these compounds for therapeutic
purposes has had a major impact, leading to the selection
and spread of resistant. [10, 13] Thisphenomenonhas resulted
in the selection of pre-existing resistant variants that
ultimately become fixed in our communities. [10]Several
other authors have also noted the expression of virulence
functions such as toxins, adhesins, and biofilm formation in
the human pathogen S. aureusto be the direct result of
exposure to sub-minimal inhibitory concentration (sub-MIC)
of antibiotics. [14-16] Sub inhibitory concentrations of
antibiotics are reported to provoke extensive transcriptional
changes in bacteria, [16, 17] especially with compounds
whose primary mode of action is DNA damage. [18]Cirz
and Romesberg[19] in their work noted the phenomenon to
be the result of transcriptional changes in the genes
responsible for DNA repair and preservation of the integrity
of the genome, such as the SOS and methyl mismatch repair
(MMR) pathways. Previous studies by Lépez and
Blazquez[10]suggest that bacteria are not simply passive
subjects during the process of evolution by mutation and
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natural selection and that by means of SOS induction,
antibiotic such as fluoroquinolone may stimulate mutations
and the horizontal transfer of DNA sequences. [10, 20]
Similar studies have shown the evolution of antibiotic
resistance to be based on genetic variation and selection of
the genotypes generated by this variation. According to
Lépez and Blazquez[10]the spontaneous generation of
genetic variation in bacteria, particularly in nature is
supposedly based on the strategies of small local changes in
the nucleotide sequence of the genome (mutation),
intragenomic  reshuffling of genomic  sequences
(intrachromosomal recombination), and the acquisition of
DNA sequences from other organisms via horizontal gene
transfer. Lawrence and Roth [21]noted that the horizontal
gene transfer diversification mechanism in prokaryotes and
recombination as an important factor to different traits,
allowing bacteria to evade the host immune response,
distributing genes that increase virulence, and providing
increased resistance to antibiotics.Thus, broadening our
current knowledge of the effect that sub-lethal
concentrations of antimicrobial agents produce on human
bodyespecially when invaded by a notable human pathogen
is of clinical interest. The assumption is that when a
susceptible pathogen has been exposed to a sub-lethal dose
of an antibioatic, its physiological system may be modified in
a way that makes it less vulnerable to an active immune
system.This palpable reality is a potential threat to the future
of health care delivery and forms a basic consideration in
the present study.

In the present study, the impact of sub-inhibitory
concentration of antibiotics by a notable human pathogen is
revisited. The immune system is represented with fresh,
preserved human plasma free only of erythrocytes. The
effect of human immune agent present in the plasma on
clinical isolate of S. aureus that have earlier been exposed to
sub-inhibitory  concentrations of flucloxacillin  and
clindamycin was investigated. The assessment covered sub-
inhibitory concentrations of flucloxacillin and clindamycin
at 1/2, 1/4, 1/8, 1/16 minimal inhibitory concentrations
(MICs) and viable cell counts of S. aureus in plasma after
exposure to sub-MIC of the test agents.

Il. MATERIALS AND METHOD

A. Test Organism

The test organism used was a clinical isolates of
Staphylococcus aureus obtained from University of Port
Harcourt Teaching Hospital (UPTH), Rivers State, Nigeria.
The stock culture was further confirmed by standard culture,
gram reaction, biochemical test and maintained on slopes of
modified nutrient agar at 4 °Cuntil ready for use. [22]

B. Blood Plasma

Twenty millilitres (20 ml) of blood sample was aseptically
obtained using a sterile 20 ml syringe from two volunteer
and aseptically transferred into Vacutainer blood collection
tube containing and anticoagulant. The blood was spanned
in a centrifuge until the cells were settled at the bottom of
the tube. The plasma was then collected aseptically using a
sterile syringe and stored at four degree Celsius until ready
for use.
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C. Ethical considerations

This study was approved by the research and ethics
committee of University of Port Harcourt Teaching
Hospital, Rivers State. All samples were collected following
voluntary informed consent of the participants. Patient’s
data were handled confidentially and in accordance with
approved protocols of handling patient data.

D. Culture Media

The media used in this study were Nutrient Agar, Nutrient
broth (Titan Biotech Ltd India). The media were constituted
according to manufacturer’s specification. Sterilization was
by autoclaving at 121 °C for 15 min and maintained in
molten as previously described.[>%!

E. Antimicrobial Agents Used

The antimicrobial agents used were Flucloxacillin (250 mg)
and Clindamycin (300 mg). Both were obtained from
approved Pharmacy outlets within Port Harcourt Metropolis,
South-south region, Nigeria. The antibiotic samples were
inspected to ensure that manufacturer’s information, batch
numbers, manufacturing and expiry dates, National Agency
for Food and Drug Administration and Control (NAFDAC)
Registration Number were provided. Thereafter, samples
were transported to pharmaceutical microbiology laboratory,
University of Port Harcourt for analysis.

F. Preparation of Test Antibiotics

A stock solution of 1 mg/ml of Clindamycin was aseptically
prepared by dissolving 300 mg of Clindamycin in 300 ml of
sterilized water while that of flucloxacillin was by
dissolving 500 mg of the drug in 25 ml of sterile water to
obtain stock of 20 mg/ml.

G. Standardization of test organism.

The standardization of inoculums was carried out by
adjusting the turbidity of the microbial suspension to match
the turbidity of 0.5 McFarland Standards. This is equivalent
to approximately 1.5 x 10°cfu/mL of bacterial suspension,
when the turbidity values of the two suspensions match
optically or visually as previously described.

H. Determination of Minimum Inhibitory
Concentration (MIC)

Minimum inhibitory concentration of Clindamycin and
Flucloxacillin were carried out using two-fold serial macro-
dilution in nutrient broth. The stock concentration was
diluted serially to produce several dilutions in decreasing
order of concentrations. To the first tube containing 5 ml of
sterile double strength nutrient broth, 5 ml of the test
antimicrobial agent was added and mixed thoroughly.
Thereafter 5 ml was transferred from the first tube to the
second containing 5ml of single strength nutrient broth and
the process repeated sequentially until the last tube.0.1 ml of
the test culture was then inoculated into each of the dilutions
and incubated at 37 °C for 48 hours. Microbial growth was
examined visually for the presence of turbidity the lowest
concentration of the agent that showed no growth was noted
as the MIC. 1)

I. Determination of Sub-MIC

From the MIC concentrations, a stock solution that is half
(%2 or 50 %, ¥ or 25 %, 1/8 or 12.5 % and 1/16 or 6.25 %)
of the MIC of both drugs were prepared aseptically as
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previously described. 10.1 ml of the test organism was
aseptically inoculated into the respective tubes containing
the different sub-MIC concentrations of clindamycin and
flucloxacillin. The tubes were incubated at 37 degree Celsius
for 24 hours and examined for the presence of turbidity. [9]

J.  Sub-MIC of Clindamycin or Flucloxacillinand
Plasma

The cells obtained from the different sub-MIC
concentrations of the test antimicrobial agents were washed
twice respectively using 10 ml normal saline by spinning in
the centrifuge and decanting the supernatant at the end of
each wash to obtain the cell sediment.0.5 ml of normal
saline and 0.5 ml of plasma were aseptically added to the
washed cells and gently shaken to ensure they’ve been
properly mixed.At an interval of 0 minute, 1, 2, 3, 4 and 5
hours a 0.1 ml of the reaction mixture was withdrawn and
transferred into tubes containing molten nutrient agar,
swirled, poured onto sterile disposable Petri dishes and
allowed to solidify on the bench.The Petri dishes were then
incubated at 37 degrees Celsius for 24 hours and cells that
survived the combined antibiotic plasma reaction were
counted as previously described.[9]

K. Statistical analysis

The data obtained on activities of the test antibiotics against
the test isolates were analysed using One - way analysis of
variance (ANOVA). All the data were computed as means +
standard deviation using GraphPad Prism 7. Probability
value of less than or equal to 0.05 is considered to be
statistically significant.

I1l. RESULTS

A. Minimum inhibitory Concentration

The minimum inhibitory concentration of the test
antimicrobial agents (Clindamycin and Flucloxacillin)
against the test organism (S. aureus) are represented in Fig.
1 and 2. As shown, the MIC of flucloxacillin (5 mg/ml) is
significantly higher than that of clindamycin (0.25 mg/ml).
This is an indication than clindamycin is more effective in
the management of infections caused by S. aureus.The
MICs obtained at different sub-MIC concentrations of
clindamycin ranges from 0.250 to 0.500 mg/ml and that of
flucloxacillin ranges from 10 to 50 mg/ml. At %%, %, 1/8 and
1/16 sub-MIC concentrations were 0.250, 0.500, 0.375 and
0.375 mg/ml for clindamycin and 10, 25, 25, and 50 mg/ml
respectively for flucloxacillin. The organisms exposed to the
sub-MIC of flucloxacillin acquired resistance after being
exposed to sub-MIC of flucloxacillin but there was little, or
no resistance acquired by the organisms exposed to
clindamycin after exposure.
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Fig. 1: Column chart showing inhibitory concentrations
produced by Clindamycin against test organism after
exposure to plasma. Data shown are from three independent
cultures with significant difference among means (P value =
<0.05) and error bars indicating standard deviations.
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Fig. 2: Column chart showing inhibitory concentrations
produced by Flucloxacillin against test organism after
exposure to plasma. Data shown are from three independent
cultures with significant difference among means (P value =
<0.05) and error bars indicating standard deviations.

B. Viable cell counts

The viable cell counts after exposure of the different sub-
MIC concentrations of the test antimicrobial agents are
presented in Table 1 and 2. The viable cell count at %2 sub-
MIC of clindamycin and flucloxacillin ranges from 76 to
100 cfu/ml and 78 to 108 cfu/ml respectively. At 0 minute,
the colonies formed for both test antimicrobial were too
numerous to count but at time intervals of 1 hour, 2, 3 ,4 and
5 hours are 71, 76, 77, 84 and 100 cfu/ml respectively for
clindamycin and 83, 85, 78, 101 and 108 cfu/ml respectively
for flucloxacillin. Between the time of 4 and 5 hours the
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growth of the organism increased, this could be an
indication that though the plasma was able to inhibit the
growth of the organism to a certain growth level, with time
the organism will likely thrive again.The viable cell counts
at ¥ sub-MIC of clindamycin and flucloxacillin ranges from
91 to 104 colonies and 93 to 110 colonies respectively
(Table 2). At the time 0 minute the colonies formed where
too numerous to count this could be because the reaction
occurring between the plasma is not enough in inhibiting the
organism’s growth. At an interval of 1 hour, 2, 3, 4 and 5
hours the colonies formed are 91, 91, 92, 104 and 104
colonies respectively for clindamycin, while 97, 95, 93, 110
and 105 colonies were formed respectively for
flucloxacillin. The same pattern of increase in the number of
colonies after 3 hours also occurred at ¥ concentration of
the sub-MIC although there was an increase in the colonies
formed when compared to that of % sub-MIC. The viable
cell count at 1/8 and 1/16 sub- MIC concentrations were too
numerous to count. This simply indicates that ability of the
plasma to inhibit the growth of an invading pathogen does
not only depend on the time of reaction but also on the
number of the organism.

Table 1: Viable cell count of test organism in plasma after
exposure to sub-MICs of Flucloxacillin

Antibiotic Time (hrs)/cfu/ml
concentrations 0 1 3 3 4 5
(mg/ml)
1/2 TNTC 83 85 54 101 108
1/4 TNTC 97 96 93 110 105
1/8 TNTC TNTC TNTC TNTC TNTC TNTC
1/16 TNTC TNTC TNTC TNTC TNTC TNTC

TNTC = Too numerous to count

Table 2: Viable cell count of test organism in plasma after
exposure to sub-MICs of Clindamycin

Antibiotic Time (hrs)/cfu/ml
Concentrations 0 1 3 3 4 5
(mg/ml)
12 ™Te 71 76 7 94 100
1/4 TNTC 91 91 92 104 104
1/8 TNTC ~ TNTC  TNTC  TNTC  TNTC  TNTC
1/16 TNTC ~ TNTC  TNTC  TNTC  TNTC  TNTC

TNTC = Too numerous to count

IV. DISCUSSION

The effect of human immune agent present in plasma on the
test microorganism following exposure to sub- inhibitory
concentration of test antimicrobial agents was investigated.
The result obtained in this study (Table 1 and 2) suggests
that plasma cell which contains antibodies has the ability to
inhibit the growth of bacterial cells to a certain limit with
time. The exposure of an organism to sub-MIC
concentrations of antibiotics does not mean that the
microorganism will be weakened, but at sub- MIC levels of
% and ¥ the growth of the test organism was inhibited by
plasma. Previous reports indicate that antibiotics at sub-
MICs have numerous effects on bacteria, including
morphological changes, modification of cell wall structure
of the organism, altered growth Kinetics, biofilm formation,
inhibition of enzyme or toxin production, loss of adhesive
properties of bacteria, and increases log phase of bacteria
strain thus affecting bacteria virulence. [14-16, 26, 27] In a
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related study antimicrobial concentrations below those that
results in killing of the organism has been reported to cause
alterations in susceptibility to host defence mechanisms
including phagocytosis, chemotaxis and complement-
mediated immunity.[28]At 1/8 and 1/16 sub-MICs the
plasma was unable to inhibit the growth of the test organism
as shown in this study. The MIC results after exposure to
plasma also indicates that the organism has acquired
resistance against the test antimicrobial agent most
especially to flucloxacillin which is a narrow spectrum
antibiotic (Table 2).

The major target of antimicrobial agents in S. aureus are the
cell envelope, the ribosome and the nucleic acid. Resistance
can either develop by horizontal transfer of gene of
resistance  determinant through the plasmids, the
chromosome and transposons. Resistance can also be
acquired horizontally through enzymatic drug modification
and inactivation, enzymatic modification of drug binging
site, drug efflux and by pass mechanism.[29] The ability of
S. aureus to form biofilm is another mechanism through
which the organism shows resistance. Studies have shown
that S. aureus can produce a multi-layered biofilm
embedded with a glycocalyx or slime layer protein
expressed throughout; this layer has the ability to evade
multiple clearance mechanisms produced by the host and
synthetic sources such as shear stress, host phagocytic
elimination and host radical and protease defences.
[30]Cardileet al. [1] in their study showed that the exposure
of clinical isolates of S. aureus to human plasma (10%)
within media, and to a lesser extent when coated onto plates,
significantly enhanced biofilm formation. Although there is
an increasing evidence that in vitro biofilm assays may not
truly represent in vivo biofilms because of the possible
presence of host proteins, of which human plasma is the best
characterized. [31, 32]

V. CONCLUSION

This study shows that sub-therapeutic concentrations of
antibiotics play a significant role in microbial acquisition of
resistance by microbes. Remarkably, is the fact that human
plasma can slow down growth of invading organisms but
may depend on certain factors such as number of the
invading organism and time it takes for antibody production
and activation. After exposure of the test organism to sub-
MICs of flucloxacillin and clindamycin it developed
resistance against the two test antimicrobial agents but
significantly against the narrow spectrum flucloxacillin.
Therefore,to reduce the growing trend of microbial
resistance, the use of sub-therapeutic concentration
antibiotics should be discouraged, while the campaign
against irrational use of antibiotics should continue.
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