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Background: Although the prevalence of K pneumoniae liver abscess is higher in patients older
than 55 years, the possible relationship of age with decreased phagocytic function of the
patients with Klebsiella pneumoniae liver abscess has not been investigated. Our aim was to
determine whether susceptibility to K pneumoniae infection depended on age-related impairment of phagocytic function.
Methods: The study enrolled 42 subjects in three age groups: younger than 40 years (n Z 10),
40e65 years (n Z 12), and older than 65 years (n Z 20). Seventy-five strains of K pneumoniae
were investigated, including liver abscess isolates (n Z 25) and blood isolates from the patients
without liver abscesses (n Z 50). The rate of phagocytosis of K1/K2 (n Z 36) and non-K1/K2
(n Z 39) K pneumoniae by neutrophils was determined using flow cytometry and compared
among the three age groups.
Results: The rate of phagocytosis of serotype K1/K2 isolates was significantly lower in the
middle-aged group than that in the younger group (p Z 0.015) and significantly lower in the
older group than those in the middle-aged and younger groups (p Z 0.025 and p < 0.01). In
contrast, the rate of phagocytosis of non-K1/K2 isolates was similar in all three age groups
at 60 minutes (66.4  1.85%, 65.2  2.0%, and 62.3  1.81%; p Z not significant).
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Conclusions: Thus, as age increases, the ability of neutrophils to phagocytose virulent K1/K2 K
pneumoniae decreases. This finding may account for the higher prevalence of K pneumoniae
liver abscesses in older patients.
Copyright ª 2011, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. All rights
reserved.

Introduction
Klebsiella pneumoniae causes suppurative infections,
bacteremia, and a substantial percentage of nosocomial
infections.1,2 It is the most common cause of liver abscess
in Taiwan, and the major predisposing factor is diabetes.3,4
Although K pneumoniae liver abscess has been extensively
studied, the pathogenesis is still not clear.
Diabetes depresses polymorphonuclear neutrophil functions, including adherence, chemotaxis, phagocytosis, and
bactericidal activity and, thereby, increases the risk of
vascular complications and infectious episodes.5,6 The
impairment of immunity is thought to be the cause of high
prevalence of K pneumoniae liver abscess in patients with
diabetes. To determine whether diabetes contributes to
the development of K pneumoniae liver abscess, neutrophil
phagocytic reaction with K pneumoniae in diabetic patients
and normal healthy subjects were observed in our previous
study.7 It revealed that the rate of phagocytosis of K1/K2
K pneumoniae by neutrophils is significantly lower in
patients with diabetes than in that in normal healthy
subjects. No significant difference in the phagocytosis of
non-K1/K2 K pneumoniae was observed among all subjects.
Thus, serotype K1/K2 was considered to be an independent
risk factor for the resistance of K pneumoniae to phagocytosis, and diabetic glycemic control was considered to
have an additive effect.7
Otherwise, age is also considered an important factor of
neutrophil phagocytic resistance against K pneumoniae.
Two studies in Taiwan have shown that the median age of
the patients with K pneumoniae liver abscesses was 61
years.3,4 However, the impact of age on neutrophil phagocytic reaction with K pneumoniae has not been fully
elucidated. To determine whether age impairs the phagocytic function of neutrophils, impeding the phagocytosis of
K1/K2 strains of K pneumoniae, our present study
compared the rate of neutrophil phagocytosis of K1/K2 and
non-K1/K2 K pneumoniae strains by flow cytometry in three
age groups of normal healthy subjects.

were reviewed and approved by the Ethics Committee of
Tri-Service General Hospital, National Defense Medical
Center, and informed consent was obtained from each
participant.

Isolation of human neutrophils
Neutrophils were separated as follows. Heparinized blood
(10e60 mL) was collected and mixed with an equal volume
of dextran/saline solution. The mixture was allowed to
sediment at room temperature for 40 minutes. The leukocyte-rich supernatant was layered over a density gradient
of Ficoll-Paque (Pharmacia, Taipei, Taiwan). The samples
were centrifuged at 400  g for 40 minutes at 20 C, the
pellet was collected, erythrocytes were removed by hypotonic lysis, and isotonicity was restored using hypertonic
saline. Each collected pellet was resuspended in ice-cold
phosphate-buffered saline (PBS), and the cell concentration was adjusted to 1  107 cells/mL. Viability was greater
than 95% by trypan blue exclusion.

Preparation of pooled serum
Pooled serum was prepared from 10 healthy volunteers
after informed consent was obtained from each participant. Heparin-free blood drawn from the volunteers was
clotted at room temperature and centrifuged (1,000  g for
40 minutes at 20 C); the serum was removed, pooled, aliquoted, and stored at 70 C.

Collection of Klebsiella pneumoniae with different
serotypes
Seventy-five K pneumoniae strains with different capsular
serotypes were investigated, including liver abscess isolates
(n Z 25) and blood isolates from the patients without liver
abscesses (n Z 50) (Table 1). The serotypes were determined using the capsular swelling technique and countercurrent immunoelectrophoresis. Klebsiella pneumoniae

Methods
Subjects
Neutrophils were isolated from three age groups of subjects
who were not immunocompromised and had no underlying
diseases, such as malignancy, diabetes mellitus, and autoimmune diseases: a young group, that is, younger than 40
years (n Z 10); a middle-aged group, that is, 40e65 years
old (n Z 12); and an old group, that is, older than 65 years
(n Z 20). The subjects (total n Z 42) of the study were not
infected within 4 weeks. Other 10 healthy volunteers were
recruited for donating serum. The experimental procedures

Table 1 Capsular serotype and source of Klebsiella
pneumoniae that were selected for phagocytosis assay
Serotypes

K1
K2
Non-K1/K2a
Total
a

Source of isolate
Liver abscess

blood

16
5
4
25

9
6
35
50

Serotypes included K3, K5, K6, K7, K8, K9, K15, K16, K17,
K20, K21, K28, K29, K31, K32, K38, K54, K55, and K57.

Impact of age on neutrophil phagocytic reaction with K pneumoniae
strain DT-S (biotype edwardsii, capsular serotype K1) and
its acapsular mutant of DT-X were kindly provided by
Takeda Pharmaceuticals, Osaka, Japan. DT-S was derived
from K pneumoniae DT isolated from the sputum of
a patient with pneumonia. The lack of a capsule by DT-X
was confirmed using India ink staining. Both DT-S and DT-X
were stored at 80 C.

Fluorescence labeling of bacteria
Klebsiella pneumoniae isolates were incubated overnight
at 37 C. The cell concentration was adjusted spectrophotometrically (Olympus, New York, USA) and confirmed by
quantitative colony counts. Bacteria were killed by heating
for 60 minutes in a 70 C water bath. The bacteria were
washed with PBS and labeled with fluorescein isothiocyanate [FITC (0.1 mg/mL); Sigma Chemical Co., St.
Louis, MO, USA] in 0.10M NaHCO3, pH 9.0, for 60 minutes at
25 C. FITC-labeled bacteria were resuspended to
2  108 cells/mL of PBS, aliquoted, and stored at 70 C.
The aliquots were thawed before use.

Phagocytosis reaction
Phagocytosis was measured by using a standard assay.8 FITClabeled bacteria [200 mL; 4  107 colony-forming units
(CFU)/mL] were added to a prewarmed mixture (shaken for 5
minutes at 37 C) of 100 mL of neutrophil suspension (i.e.
1  106 cells); 100 mL of freshly thawed pooled normal human
serum (10% vol/vol; used for opsonization); and 600 mL of PBS
in 10  75 mm polypropylene tubes (BD, Franklin Lakes, NJ,
USA). The tubes were agitated continuously for 2 minutes, 5
minutes, 10 minutes, 30 minutes, and 60 minutes. Each strain
was reactivated with neutrophils donated from three
different normal healthy subjects.

Phagocytosis assay using flow cytometry
FITC fluorescent neutrophils were analyzed using a FACScan
with an argon ion laser (Becton Dickinson Immunocytometry
Systems, San Jose, CA, USA) as previously described.8
A total of 10,000 neutrophils were processed using the
Cellquest version 1.0 software (Becton Dickinson Immunocytometry Systems). By analyzing the mixtures of labeled
and unlabeled bacteria, the boundary between positive and
negative fluorescence was determined. The percentage of
ingested bacteria was assessed after the addition of
ethidium bromide.
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Results
To differentiate between age and capsular effects,
K pneumoniae were grouped into serotypes K1/K2 and nonK1/K2. Figures 1 and 2 compared the rate of neutrophil
phagocytosis in three age groups. The rate of K1/K2
phagocytosis was significantly lower in the middle-aged
group than the young group (p Z 0.015) and significantly
lower in the old group than the middle-aged and young
groups (p Z 0.025 and p < 0.01) (Fig. 1). Overall, the trend
toward decreased rate of phagocytosis with age appeared
to be much more significant for K1/K2 K pneumoniae
isolates than for non-K1/K2 isolates. No significant difference in the rates of phagocytosis of non-K1/K2 isolates was
observed between the young and old groups at 60 minutes
(66.4  1.85% and 65.2  2.0%; p Z 0.69); the middle-aged
and old groups (65.2  2.0% and 62.3  1.81%; p Z 0.49);
and old and young groups (62.3  1.81% and 66.4  1.85%;
p Z 0.13) (Fig. 2).
Phagocytosis of serotype K1/K2 isolates declined with
age and was significantly impaired in neutrophils from
subjects older than 65 years. The impairment was already
obvious at 10 minutes and persisted upto 60 minutes.
Pearson’s correlation analysis of the relationship of
phagocytosis with age found that for K1/K2 strains, the
rate of phagocytic uptake decreased significantly with
increasing age (r Z 0.452, p < 0.01) (Fig. 3), whereas no
such relationship was found for non-K1/K2 strains
(Fig. 4).
The rate of phagocytosis of the encapsulated strain of
K pneumoniae DT-S and its nonencapsulated counterpart
DT-X were compared in the three age groups. The
percentage of strain DT-S ingested by neutrophils
decreased with age from 44.0  2.7% (in the young group)
to 37.0  4.5% and 34.0  1.3% (in the middle-aged and old
groups, respectively) and was comparable to decreases
caused using multiple strains of K1/K2 K pneumoniae. In
contrast, the ingested percentage of DT-X strain was similar
in all three groups (80.0  3.0%, 82.2  3.7%, and
82.3  2.4%, respectively; Fig. 5). Thus, the capsule of K
pneumoniae may play an important role in the age-related
decrease in phagocytic function.

Statistical analysis
Between-group differences in the rate of neutrophil
phagocytosis over time were examined by means of oneway analysis of variance with repeated measures. Betweengroup differences in the rate of neutrophil phagocytosis at
60 minutes were assessed by the Student’s t test. Pearson’s
correlation was used to evaluate the relationship between
age and rate of phagocytic uptake. Differences were
considered to be significant at p values less than 0.05; all
statistical tests were two sided. Data were presented as
mean  standard error of the mean.

Figure 1. Comparisons of neutrophil phagocytosis of serotype
K1/K2 isolates among different age groups of younger than 40
years, 40e65 years, and older than 65 years. Y/O Z years old.
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Figure 2. Comparisons of neutrophil phagocytosis of non-K1/
K2 isolates among different age groups of younger than 40 years,
40e65 years, and older than 65 years. Y/O Z years old.

Discussion

Percentage of digested K pneumoniae (%)

Our study demonstrated that advancing age is accompanied
by a decreased ability of neutrophils to phagocytose
K pneumoniae. The age-related impaired phagocytosis is
statistically significant for K1/K2 K pneumoniae but not for
non-K1/K2 strains. Similarly, an age-related decline in the
rate of phagocytosis of DT-S but not of its isogenic mutant
strain (DT-X) was also demonstrated.
The immune system has innate and adaptive components. Age-related changes in the immune system (also
known as immunosenescence) may increase the susceptibility of the elderly to infectious diseases and possibly to
autoimmune diseases and cancer.9 Previous studies have
demonstrated that both innate and adaptive immunity will
be dysregulated as age increases. However, it appears that
adaptive immunity is more susceptible than innate immunity to these age-dependent changes.10 The adaptive
immune system of T and B cells can provide memory of
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Figure 4. Comparison of neutrophil phagocytosis of non-K1/
K2 Klebsiella pneumoniae at 10 minutes among patients of
different age groups.

a previous infection that enables a more rapid response to
subsequent encounters with the same pathogen. Because of
the age-related involution of the thymus, the number of T
cells exiting the thymus decreases significantly with age.11
The functions of the T cells and B cells also decline
dramatically with age.12e15
Epithelial barriers (mucosa, neutrophils, macrophages,
natural killer cells, dendritic cells, cytokines, and chemokines) play an important role in innate immunity, which is
the first line of host defense. With age, the function of the
respiratory and gastrointestinal tract mucosal barriers
decreases, enabling pathogens to invade the mucosa.16
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Figure 3. Comparison of neutrophil phagocytosis of K1/K2
Klebsiella pneumoniae at 10 minutes among patients of
different age groups. Pearson correlation test was used to
evaluate the correlation between age and phagocytic uptake
rate.

Figure 5. Comparisons of neutrophil phagocytosis of serotypes K1 (DT-S) and isogenic mutant with acapsular serotype K1
isolates (DT-X) among different age groups of younger than 40
years, 40e65 years, and older than 65 years. Y/O Z years old.

Impact of age on neutrophil phagocytic reaction with K pneumoniae
Neutrophils are the first inflammatory cells recruited in
response to inflammation or tissue infection. Previous
studies have shown no difference among age groups in
endothelial adherence, migration, and secretory granule
activity, although aging reduced the delivery of neutrophils
in vivo into skin abrasions17 and reduced the function of
neutrophils in patients with chronic bronchitis and poorly
controlled diabetes.18,19 In patients with diabetes, aging
decreased the phagocytosis of K1/K2 K pneumoniae but had
no effect on the phagocytosis of non-K1/K2 K pneumoniae.
Our study found that not only host factors but also pathogenicity of the bacterial species influence age-related
change in the rate of phagocytosis. Reduced innate immunity may explain the increased susceptibility of the elderly
to infection, as exemplified by increased incidence of K
pneumoniae liver abscess in elderly patients with median
age of 56.5e69 years.20,21
Our previous study demonstrated that K1/K2 strains are
more resistant than non-K1/K2 strains to phagocytosis in
both normal healthy subjects and patients with Type 2
diabetes.7 It had been reported that capsular polysaccharide protects K pneumoniae from the bactericidal
action of serum and from the phagocytosis and killing of
neutrophils.22e25 Thus, we supposed that capsular polysaccharide also plays an important role in the different
results of the impact of age on neutrophil phagocytic
reaction with different capsular serotypes of K pneumoniae. On comparing the neutrophil phagocytosis of
different strainsdencapsulated K1 K pneumoniae (DT-S)
and nonencapsulated K1 K pneumoniae (DT-X)dwe found
an age-related decline in the rate of phagocytosis of DT-S
but not of its isogenic mutant strain DT-X. Thus, capsular
polysaccharides protect K1/K2 K pneumoniae from
neutrophil phagocytic reaction and lead to greater phagocytic resistance in aged people.
In conclusion, our study demonstrated that (1) the
ability of neutrophils to phagocytose K1/K2 K pneumoniae
is decreased (but the ability to phagocytose non-K1/K2 is
not) and (2) the rate of phagocytosis of K1/K2 (but not nonK1/K2) K pneumoniae declines with age.
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