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Abstract The effect of human normal serum (HNS) on Pseud s pseudomallei
was determined. It is apparent from our data that the organism is resistant to the
normal serum bactericidal mechanism. Ancillary experiments to confirm this
serum-resistant property of P. pseudomallei were done by examining the effects of
growth phase conditions of the bacteria (i.e., logarithmic and stationary phases) and
different buffered systems used as diluent in our bactericidal assay. Results obtained
showed similar degree of resistance to serum bactericidal killing by 5 strains of the
organisms tested. The possible survival advantage of serum-resistant property to
P. pseudomallei as bacterial pathogens known to invade the blood stream is discussed.

Melioidosis caused by Pseudomonas pseudomallei can manifest itself as an acute,
subacute, or chronic illness (15). The former variety of the disease may be of the
acute pulmonary infection or acute septicemic infection. The septicemic form of
melioidosis is often associated with high mortality. For disease-prcducing bacteria
their initial contact with the host defense mechanism upon penetration of tissue
barrier is the normal serum which is believed to play a significant role in protection
against infection (6, 8, 12). It is known that a wide variety of bacteria are suscep-
tible to the bactericidal effects of normal mammalian serum (2, 8, 9, 11, 22). In-
vasion of an animal host by P. pseudomallei has been implicated to be via cuts, skin
abrasions, or scarification (15). Hence one of the first lines of host defense that it en-
counters will be the normal serum present in blood circulation. It has been sug-
gested that resistance to serum bactericidal killing is an important virulence determi-
nant in gram-negative bacteria (17). There appears to be a strong correlation be-
tween serum resistance and the ability of a variety of gram-negative bacteria to invade
and survive in the human blood stream (5, 12, 19, 23). Since P. pseudomalle; may
be directly introduced into the blood via cuts, skin abrasions, and scarification and
subsequently can cause septicemic form of infection, the question arises as to whether
the ability of P. pseudomalle: to multiply in the in vivo situation and to produce septi-
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cemia is due to its serum resistance. This study was carried out to determine the
effect of normal human serum on P. pseudomallei in an attempt to investigate the
susceptibility of the organism to normal human serum (NHS).

MATERIALS AND METHODS

Bacteria.  All P. pseudomallei strains used in the study were kindly supplied by
R.A. Finkelstein, University of Missouri-Columbia. Each strain represents organ-
isms from different sources and of different colony-types: P. pseudomallei UKMKL
was isolated from a male patient who died of P. pseudomallei infection (smooth
colony-type); P. pseudomallei 13 smooth was isolated from the rice fields in Krabi,
Thailand (smooth colony-type); P. pseudomalle; 25 donut was isolated from soil in
Ubol, Thailand (donut-appearance colonies) ; P. pseudomallei 1188 HP-R was isolated
from soiled water in Prachuab, Thailand (rough colony-type); and P. pseudomallei
USAMRU Strain 4 was isolated from soiled water in Pangna, Thailand (smooth
colony-type).

An enteropathogenic strain of Escherichia coli (SUKM-18) obtained from the
Microbiology Department, Universiti Kebangsaan Malaysia, was included in cer-
tain assays as an indicator bacteria. This strain has been routinely shown in our
laboratory to be readily killed by human normal serum.

Sera.  Pooled human sera from 6 healthy male adult volunteers were prepared
as follows: blood was obtained by venipuncture, and the blood was allowed to clot
at room temperature overnight; the sera were then separated from clot by low
speed centrifugation, pooled, filter-sterilized through 0.22 um filters, distributed in
0.5 ml aliquots, and stored at —70 C until further use.

Serum bactericidal assap. An 18 hr culture of P. pseudomallei grown in brain-
heart infusion broth (BHIB) was harvested by low speed (3,000 rpm) centrifugation
(Janetzki T32). The bacterial pellet was resuspended in phosphate-buffered saline
(PBS), pH 7.2, to give the desired concentration of organisms for each experiment.

Serum bactericidal assay was performed as follows: A hundred microliter
volume of normal serum was added to a tube containing 0.8 ml of PBS and 0.1 ml of
bacterial suspension (107 cells/ml). The mixture was incubated at 37 C in a shaking
water bath for 2 hr. A negative control tube containing organisms suspended in
PBS alone was included. Triplicate 0.1 ml samples were withdrawn at 0, 30, 60,
and 120 min, and plated on brain-heart infusion agar (BHIA). The colony-forming
units (CFU) were enumerated after 18 hr of incubation. A concurrent experiment
using E. coli which is known to be serum sensitive was performed, to indicate the
presence of bactericidal activity of NHS during the incubation period. "

In cases where bactericidal activity was not evident, further tests were carried
out as follows: The bacteria were (2) incubated with higher concentrations of
normal sera (i.e., 209, and 309, normal sera); (1) incubated with 109, normal
serum using different buffer system, i.e., Tris buffer, (10 mm, pH 7.2) and gelatin
veronal buffer saline, (pH 7.2); (3) incubated with 109, normal serum using organ-
isms obtained from different growth phases (i.e., after 8 hr and 24 hr incubation in
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Fig. 1. Serum bactericidal activity against P. pseudomallei following incubation with (A)
or without (A) 109% normal human serum (NHS) for a period of 2 hr. The bactericidal activ-
ity of NHS throughout the incubation period was concurrently assayed by performing
similar experiments using E. coli with (@) or without (O) 109, NHS. Mean of 4 replicates.

the growth medium). The 8 hr, 18 hr, and 24 hr cultures represent organisms in
their early log phase, late log phase culture, and stationary phase, respectively.

RESULTS

Effect of Normal Human Serum on P. pseudomallei

NHS did not display any bactericidal activity on all the 5 strains of P. pseudo-
mallei tested when incubated for 2 hr in vitro. The viability count of the bacteria
incubated with 109, NHS was the same as that of the negative control, i.e., bacteria
without serum (Fig. 1 and Table 1). In the concurrent experiment with E. coli,
the bactericidal activity of this serum was manifested by a greater than 2 log reduc-
tion in the viability count of E. ¢oli following 2 hr incubation with 109, NHS whilst
there was no reduction when the bacteria were incubated without NHS for 2 hr.
This indicated that the iz vitro serum bactericidal system used was efficient.

Serum bactericidal activity on P. pseudomaller was not influenced by slight
increases in serum concentration, growth phases of the bacterial culture, or buffer
systems in which the assays were performed. NHS up to 209, final concentration
displayed no considerable bactericidal activity on P. pseudomallei even after 2 hr
incubation. The viability count of the bacteria, however, was slightly reduced by
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Table 1.
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Viability count of P. pseudomallei incubated with 10%, normal serum

Strains tested Colony-types

P. p&;uar;élleriw
UKMKL

P. pseudomallei
13 smooth

P. pseudomallei
25 Donut

P. pseudomallei
1188 HP-R

P. pseudomallei
USAMRU
str. 4

Smooth

Smooth

Donut

Rough

Smooth

Number of Colony-Forming Units/mi

Serum
Sources Time incubated
cfu/ml (% 106)

Patient in 0 2.10
Kuala Lumpur, 30 1.76
Malaysia 60 2.82

120 3.12
Soiled water 0 3.76
in Krabi, 30 3.46
Thailand 60 9.50

120 9.86
Soil in 0 7.53
Ubol, 30 8.60
Thailand 60 10.03

120 30.6
Soiled water 0 13.10
in Prachuab, 30 12.70
Thailand 60 31.50

120 33.20
Soiled water 0 17.90
in Pangna, 30 23.00
Thailand 60 13.20

120

25.50

oﬂ

30 60 120

Time (min)

PBS

incubated
cfu/ml (% 108)

2.10
3.75
3.10
7.56
7.23
9.23
1.23
2.79
7.40
11.80
14.80
34.70
12.50
14.50
12.40
23.00
13.90
15.50
11.20

16.70

Fig. 2. The effect of different concentrations of normal human serum on viability of P.
psuedomallei: O, no serum; @, 109, serum; A, 209, serum; A, 309 serum. Mean of

4 replicates.

a half log reduction after 1 hr incubation with 309, NHS (Fig. 2).

P. pseudomallei was resistant to 10%, NHS when incubated for 2 hr whether the
bacteria was taken from early log phase, late log phase, or stationary phase.

The
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Fig. 3. The effect of 10% NHS on P. pseudomallei at different growth phases: O, 8 hr culture
(early log phase) ; @, 18 hr culture (late log phase); A, 24 hr culture (stationary phase); A,
18 hr culture with no serum. Mean of 3 replicates.
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Fig. 4. Influence of different buffers on serum bactericidal assay for P. pseudomallei using 10%,
NHS. The bacteria were incubated with (@) or without (O) NHS for 0, 30, 60, or 120 min
in PBS, pH 7.2 (A), GVBS (B), or 0.02 m Tris, pH 7.2 (C) before viability of the bacteria
was determined. Mean of 3 replicates.

viability count of the bacteria at different growth phases was the same as that of
the control (Fig. 3).

The viability count of P. pseudomallei in different buffer systems was similar
irrespective of whether the assays were performed in PBS (pH 7.2), 0.02 M Tris
(pH 7.2), and gelatin veronal buffered saline (GVBS) (Fig. 4).

DISCUSSION

It is evident from the data that P. pseudomallei is resistant to the normal serum
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bactericidal mechanism. The universality of serum resistance property of P.
pseudomalle: is indicated by our test results employing strains isolated from patients
as well as from water and soil habitats. Serum resistance also appears to be exhibited
by test organisms obtained from smooth, rough, and donut colony-types. Reduction
in CFU of more than 2 logs after 24 hr of incubation with 109, NHS was observed
when E. coli were used as test organisms. Similar treatments of P. pseudomallei
failed to show any effects of NHS on the viability of this organism. Serum bac-
tericidal activity on P. pseudomallei was only apparent at the highest serum concen-
tration (i.e., 309,) tested. Even so, the reduction in CFU was only in the order of
one-half log viability of this organism.

Earlier investigators have established that serum susceptibility of bacteria is
influenced by the growth conditions employed for preparation of the inoculum (16).
E. coli for instance are more readily killed by serum when in stationary phase (3, 13).
However, in this study, inoculum preparation of P. pseudomallei obtained during early
logarithmic or stationary phases exhibited similar degree of resistance to serum
bactericidal killing.

The method for preparation of cell inoculum used in the serum bactericidal
system is believed to also determine the result of the assay (4, 17). For instance,
centrifugation of bacteria at 0—4 C or extensive washing may result in an over-
estimation of the serum susceptibility test. Taking cognizance of these possible
limiting factors, our serum bactericidal assay was performed under conditions
approaching optimum. Each bacterial inoculum was centrifuged once to pellet the
organism and resuspended in buffer without washing. This serum bactericidal
assay is also influenced by the buffer types used (1, 20). Employing three different
buffers, our results showed that P. pseudomallei affirmed its serum-resistant property
in all the buffers tested. Clearly the ineffectiveness of normal human serum in the
killing of P. pseudomaller was not due to non-specific inhibition afforded by the buffer
systems.

Serum resistance of bacteria has been suggested as an important determinant in
providing a significant survival advantage to the pathogen when present in the
blood system (12). Previous investigators have reported the isolation of higher
proportions of serum-resistant bacterial strains from blood cultures of bacteremic
patients than from other sources such as urine or stool cultures (5, 19, 23). Thus,
it can be conjectured that for successful invasion of the host blocd stream, bacterial
pathogens with serum-resistant properties possess a survival advantage over sensitive
strains. Resistance to bactericidal action of serum has been associated with the
ability of Neisseria gonorrhoeae to cause disseminated gonococcal infection in persons
with a functionally intact complement pathway (7, 14). P. pseudomallei infection is
known to produce fatal septicemic melioidosis where the organisms invade the blocd
stream and multiple abscesses develop in various organs, most commonly in the lungs,
liver, and spleen (10, 18, 21). It is most probable that the ability of P. pseudomalle:
to resist elimination from the host and cause systemic diseases in human is partly
due to its serum-resistant property.
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