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Anti-bacterial activity mediated by human platelets 
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Abstract 

Platelet-mediated antibacterial activity against gram-negative microorganisms has been investigated. 
Data show that human washed platelets possess the ability to partially inhibit growth of Salmonella typhi 
Ty-2 (a smooth strain) but not of two rough strains of Salmonella minnesota (R345-Rb and R595-Re). 
On the other hand, no antibacterial activity was noted in the presence of the gram-positive Staphylococ- 
cus aureus. This activity is dependent on the length of incubation of platelets with bacteria and apparently 
is not mediated by platelet soluble factors. Finally, lysis of platelets with Triton X-100 following their 
incubation with bacteria gives rise to the same degree of antibacterial activity observed in the untreated 
samples. This implies that the described platelet function does not rely on the possible trapping of 
bacteria in platelet aggregates. 

Introduction 

Gram-negative bacteria can exert multiple biologic 
effects when in contact with the blood of animals 
and man. Among blood cells, platelets are impor- 
tant in the response of the host to the microor- 
ganisms. Indeed, platelets interact with pathogens 
and participate in their trapping [1, 2]. As far as 
platelet antibacterial activity is concerned, several 
controversial reports have appeared in the litera- 
ture. In this respect, Clawson and White [3] have 
shown that bacteria remain viable in spite of their 
sequestration within platelet aggregates. On the 
other hand, Kahn and Flinton [4] have demon- 
strated that, among seven bacteria tested, platelets 
exhibited a bactericidal activity only against Bacil- 
lus subtilis and Sarcina. Furthermore, although the 
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release of a listericidin from rat platelets has been 
described by Czuprynski and Balish [5], these au- 
thors were unable to evidence a direct killing of 
Listeria monocytogenes in the presence of rat plate- 
let rich plasma (PRP) [5]. 
In the light of the above concepts, it was of interest 
to reassess this putative platelet-mediated antibac- 
terial activity, focusing our studies on the interac- 
tion between human platelets and gram-negative 
organisms. Results will show that human platelets 
are able to inhibit the growth of a smooth strain of 
Salmonella (Salmonella typhi Ty-2) but not of 
rough mutants (R 345-Rb and R 595-Re) of Salm- 
onella minnesota. 

Materials and methods 

Microorganisms 

The gram-negative bacteria used in our experiments 
were all stock plate culture strains of a smooth (S) 
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Salmonella typhi Ty-2 (0:9, 12, Vi:d; ATCC 
19430) and Salmonella minnesota rough (R) mu- 
tants, R345 (Rb) and 595 (Re). The stock cultures 
were maintained on trypticase soy agar tubes at 
room temperature and transferred weekly. Before 
experiments, bacteria were grown at 37~ for 
24 hr in trypticase broth, washed twice with sterile 
pyrogen-free saline and adjusted at the desired 
concentration. Before each step of the diluting 
process, samples were mixed vigorously on a vor- 
tex; the number of bacteria per milliliter was deter- 
mined spectrophotometrically. The gram-positive 
Staphylococcus aureus was used as a control. 

Blood collection and platelet preparation 

Venous punction of blood was done from healthy 
donors who had not taken any drug for at least 
two weeks prior to donating blood. Trisodium 
citrate was used as anticoagulant (0.015 M final 
concentration). Blood was centrifuged at room 
temperature at 100 g for 15 min. After removal, 
platelet rich plasma (PRP) was adjusted to 3 x 108 
platelet/ml. Washed platelets were prepared by 
albumin density gradient separation using the 
method described by Walsh [6]. After their separa- 
tion platelets were washed three times with 
calcium-free Tyrode's solution and were not 
damaged as seen by morphological and functional 
criteria. Indeed, immediately before their use, 
washed platelets were observed by light microsco- 
py and were investigated, after suspension in auto- 
logous plasma, in their aggregation response to 
adenosinediphosphate (ADP) which was found to 
be identical to that of the corresponding PRP. 

Platelet mediated antibacterial activity 

In order to investigate the effect of platelets on 
bacteria, portions of PRP and bacteria (S. typhi 
Ty-2, S. minnesota Rb, S. minnesota Re, and 
S. aureus) were incubated at different ratios for 
1 hr at 37 ~ on a rocking platform. Afterwards, 
equal aliquots of the incubation mixtures were 
streaked in triplicate on the entire surface of trypti- 
case soy agar plates. The plates were incubated at 
37~ for 18-24 hr, and the number of colonies 
formed was evaluated. Any plate count that was 
less than 50% or over 150% of the average for the 
other two was not used. The evaluation of the 
antibacterial activity (AA) of platelets was per- 

formed according to the formula: 

%AA = 100-100 
No of CFU of experimental plates 

> 
No of CFU of control plates without platelets 

As a control, plates were streaked with corre- 
sponding amounts of bacteria alone and with 
autologous platelet poor plasma (PPP). Similar ex- 
periments were performed with washed platelets to 
avoid the possible interference of plasma factors. 
When washed platelets were used, control plates 
were overlaid with the corresponding volume of 
buffered solution in which platelets had been pre- 
viously suspended. AA was calculated according 
to the above formula. 
In another series of experiments platelet-bacteria 
mixtures, after I hr incubation at 37~ were 
divided into halves before plating. One portion 
was plated just after division, while the other was 
plated after lysis of platelets in 1% Triton X-100 
(Sigma Chemical Company, St. Louis, Mo, USA). 
At this concentration of Triton X-100 bacterial 
growth was not affected. After overnight incuba- 
tion at 37 ~ the antibacterial activity was evalu- 
ated. 

Results 

In preliminary experiments, Salmonella typhi Ty-2 
and Salmonella minnesota Rb and Re respectively 
were incubated with human PRP and with autolo- 
gous PPP. In both cases bacterial growth was 
markedly inhibited (95_+3%). This finding is in 
accordance with the well known antibacterial ac- 
tivity of human plasma [7]. When the S strain 
Salmonella typhi Ty-2 was incubated with washed 
platelets, the antibacterial activity was maximally 
expressed by the 0.05 washed platelet-micro- 
organism ratio. On the contrary, no antibacterial 
activity was seen when either R strains (Salmonella 
minnesota Rb and Salmonella minnesota Re) or the 
typical gram-positive Staphylococcus aureus were 
incubated at different ratios with washed platelets 
(Fig. 1). 
To further characterize the antibacterial activity 
exhibited by platelets, we have utilized Salmonella 
typhi Ty-2 in its exponential growth phase. In this 
experimental condition, the growth of bacteria 
preincubated with washed platelets was initially 
depressed, while in control bacteria organisms 
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Figure 2 
Salmonella typhi Ty-2 growth with (�9 and without • ) preincubation with human washed platelets. 
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Effect of human washed platelets on Salmonella typhi Ty-2 growth at different intervals of incubation time (platelet/bacteria ratio 
0.05:1). 

Table  1 
Pretreatment of washed human platelets with Triton X-100 and 
effects on antibacterial activity. 

Samples % Antibacterial 
activity * 

Washed platelets-bacteria ** 40 + 1.2 

Washed platelets incubated 36_+0.9 
with bacteria and treated 
with Triton-X 100 

Washed platelets treated 0 
with Triton-X 100 
and incubated with bacteria 

* Values are computed as the mean + SEM of 5 separate exper- 
iments�9 
** Experiments were run at the optimal  ratio (Platelet/Bacteria 
0.05/1). 

grew according to a classical pattern. A typical 
experiment is illustrated in Fig. 2. 
In another series of experiments platelet-mediated 
antibacterial activity at the optimal ratio 0.05/1 
was evaluated at different intervals of incubation 
time. Fig. 3 shows that the antibacterial activity 
increased with the length of incubation. 
In order to rule out the possibility that bacteria 
were only trapped within platelets and in such a 

way inhibited in their growth, washed platelet- 
bacteria mixtures were incubated with Triton-X 
100 at a concentration which is lytic for platelets 
only (see Materials and Methods). No significant 
difference was found between samples pretreated 
with Triton-X 100 and untreated samples in terms 
of antibacterial activity. Moreover, when platelets 
were treated with Triton-X 100 before their incu- 
bation with bacteria, they could not exhibit any 
antibacterial activity (Table 1). 
Finally, to investigate whether any antibacterial 
agent was released from platelets during their incu- 
bation with Salmonella typhi, the supernatant of 
washed platelet-bacteria incubation mixtures was 
added to a suspension of Salmonella typhi Ty-2. In 
repeated experiments, bacterial growth was not in- 
fluenced by the addition of supernatants from dif- 
ferent platelet-bacteria ratio incubation mixtures 
(data not shown). 

Discussion 

In preliminary experiments, we have studied the 
interaction of bacteria with PRP in order to evalu- 
ate platelets in their physiological environment. In 
these experimental conditions, bacterial growth is 
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inhibited as well as in the presence of PPP, this 
implying the role of plasma factor(s) in bacterial 
killing [7]. In subsequent experiments, the use of 
washed platelets allows the elimination of plasma 
factors, this precluding the formation of fibrin 
clots which might interfere with the recovery of 
bacteria. In fact, plasma proteins (i.e. immunoglo- 
bulins and components of the classic and alternate 
complement system) are able to interact with bac- 
teria [8] and the interaction of human fibrinogen 
with staphylococci, leading to formation of 
clumps, has been described by Hawiger et al. [9]. 
Moreover, in our washed platelet suspensions con- 
tamination with neutrophils which are capable to 
engulf and kill bacteria [10] is negligible (less than 
1%) as assessed by light microscopy. Our data 
clearly show that human washed platelets possess 
an antibacterial activity against gram-negative 
bacteria which is restricted to smooth strains. The 
fact that this activity is not directed to rough 
strains may indicate the requirement for the O- 
polysaccharide chain for its expression. On the 
other hand, the circumstance that gram-positive 
organisms are unaffected is consistent with the ob- 
servation by Clawson and White [3] who found 
that Staphylococcus aureus and Streptococcus fae- 
calls, although agglutinated, were not killed by 
washed human platelets. This finding should not 
be surprising since only gram-negative bacteria 
have onto their surface endotoxin (lipopolysaccha- 
ride) which can interact both in vivo or in vitro with 
receptors on platelets of different species [11-14]. 
To define the antibacterial activity of platelets and 
exclude that bacteria were only sequestered within 
platelet aggregates or incorporated into them, the 
bacterial survival was evaluated after lysis of plate- 
lets in Triton-X 100. Indeed, this experiment rules 
out the possibility of a bacterium entrapment with- 
in platelets since the recovery of bacteria in terms 
of CFU is similar either in samples pretreated with 
Triton X-100 or in untreated samples (Table 1). 
This would suggest that bacterial growth is actually 
inhibited by the contact with washed platelets and 
bacteria are definitively damaged. In addition, 
when triplicate samples of identical incubation 
mixtures of human washed platelets and Salm- 
onella typhi Ty-2 (at the optimal ratio P/B 0.05: l) 
were taken at different intervals of time, the anti- 
bacterial activity appears to be dependent on the 
lenght of incubation. This would suggest that anti- 
bacterial activity increases with a more prolonged 

contact between the two components of the reac- 
tion. 
An indirect evidence of platelet antibacterial activ- 
ity emerges from experiments in which Salmonella 
typhi Ty-2 in its exponential growth phase has been 
preincubated with washed platelets. In fact, the 
pattern of bacterial growth is different from that 
observed in controls since the addition of platelets 
causes an initial retardation of the growth. 
Finally, another important point was to rule out 
the possibility that following bacteria-washed pla- 
telet contact, intraplatelet factors with antibac- 
terial activity might be released. Our experiments 
support the notion that a close contact between 
platelets and bacteria, as suggested by Clawson 
[15], is necessary for the occurrence of the de- 
scribed activity since all cell-free bacteria-platelet 
incubation media have no effect on bacterial 
growth. 
Taken together, these data suggest a further contri- 
bution ofplatelets in the host protection to gram- 
negative bacteria. The effects of antiplatelet drugs 
and antienzymatic molecules in order to clarify the 
mechanisms by which platelets exert their antibac- 
terial activity are in progress. 
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