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Analysis of the Specific Immune Response
against Capsular Polysaccharides of Two Patients
with Systemic Enterococcal Infections
M. Hufnagel, J. Huebner

Abstract
Systemic enterococcal infections often lead to life-threatening disease. By analyzing the immune response of two
patients with systemic enterococcal infections against
enterococcal polysaccharide antigens, we found that both
patients had antibodies against all four of the capsular
serotypes identified to date. Antibody concentrations
against the causative capsular serotype were in the same
range as antibodies against the other three capsular protoserotypes. Interestingly, we noted a difference between
the two patients with respect to opsonic activity in the
killing assay: one patient showed better killing of all four
capsular prototypes than the other. However, killing against
the infecting serotype was not increased in comparison
to killing of the other serotypes in the two patients. This
finding supports previously published data that most
healthy humans possess preexisting, naturally acquired,
anti-enterococcal antibodies. We conclude, therefore, that
systemic infection with enterococci does not lead to higher
antibody concentrations or better opsonic killing against the
causative capsular serotype.
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healthy human sera contain opsonic antibodies that are
— at least partially — directed against capsular polysaccharides of four Enterococcus faecalis prototype strains.
These authors used a capsular polysaccharide (CPS) enzyme-linked immunosorbent assay (ELISA) to detect
IgG and IgM antibodies against four E. faecalis prototype
strains (i.e. CPS-A to CPS-D [12]) in human sera from 12
healthy humans. These naturally acquired antibodies were
further tested for their opsonic killing activity in an opsonophagocytosis assay (OPA) [11]. The healthy individuals
possessed higher titers of opsonic antibodies directed more
specifically against CPS-A and CPS-B strains than against
CPS-C and CPS-D strains [11]. The present study was done
to investigate whether patients with systemic enterococcal
infections also possess specific antibodies against enterococcal capsular polysaccharides, and whether these antibodies promote serotype-specific opsonic killing.

Patients and Methods
The bacteria used in the present study are described in detail elsewhere [12]. The four capsular prototype strains (CPS-A, CPS-B,
CPS-C, and CPS-D [12]) were grown without agitation at 37 ºC
either in Todd-Hewitt broth (THB, Becton Dickinson, Sparks,
MD), or, for the capsular polysaccharide-specific ELISA (CPSELISA), in Columbia broth with the addition of 0.5% glucose
(CBG, Difco Laboratories, Detroit, MI).

Introduction
Systemic infections with enterococci are a major problem
in hospitals worldwide: First, enterococci are the third
most common pathogen isolated from bloodstream infections [1]. Second, the multiple antibiotic resistance of many
strains results in rising hospital costs and in increased mortality, especially for infections due to vancomycin-resistant
bacteria [2].
Little is known about the normal immune response
to enterococcal infections [3]. Rakita et al. [4, 5] have observed that proteins of the complement system play an important role in the elimination of enterococci, but these
investigators and others [6–10] have also emphasized the
role of specific antibodies that promote opsonic killing.
The targets of these opsonic antibodies were unknown until recently, when Hufnagel et al. [11] demonstrated that
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Figure 1. IgG concentrations in the CPS-ELISA against capsular polysaccharides of four E. faecalis prototype strains in two patient sera
(normal values, 1 to 10 µg/ml [11]).
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Figure 3. Opsonophagocytic killing of two patient sera against the
four E. faecalis capsular prototype strains.

Reconvalescent sera and bacterial strains were taken from
two patients with systemic E. faecalis infections (i.e. positive blood
cultures). Sera and bacteria were stored at –80 ºC before use.
Capsular polysaccharide-specific antibodies were measured
using an ELISA format as described elsewhere [11]. Crude polysaccharide extracts to coat ELISA microtiter plates were prepared by an extraction method using trichloroacetic acid (TCA).
The sugar content of the polysaccharide extract was quantified by
the hexose assay [13]. 96-well microtiter plates (Immulon 2HB,
Dynex Technologies, Chantilly, VA) were sensitized with 1 µg
antigen per well. The patient sera were used in dilutions of 1:100,
1:1,000, and 1:5,000. In a row parallel to the primary antibodies,
an IgG or IgM standard was added in different concentrations
(from 0 ng/ml to 250 ng/ml). The secondary antibody (i.e. goat
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Figure 2. IgM concentrations in the CPS-ELISA against capsular polysaccharides of four E. faecalis prototype strains in two patient sera
(normal values, 1 to 30 µg/ml [11]).

anti-human IgG whole molecule or IgM whole molecule, alkaline phosphatase-conjugated, Sigma Chemicals, St. Louis, MO)
was used at a dilution of 1:1,000. The detection reaction was done
with p-nitrophenyl-phosphate (Sigma Chemicals, St. Louis, MO).
Plates were read in a Bio-Tek EL 309 ELISA reader (Bio-Tek
Instruments, Winooski, VT). Resulting titers at an optical density
at 405 nm were normalized against negative controls. Antibody
concentrations were calculated by linear regression using the respective IgG and IgM standard.
The opsonophagocytosis assay was performed as described
elsewhere [9, 10]. The sera were heated at 56 ºC for 30 min to inactivate complement components. The complement was absorbed
with the homologous enterococcal isolate before use, as described
elsewhere [11]. The patient sera were tested against the four E. faecalis prototype strains (CPS-A, CPS-B, CPS-C, and CPS-D [12]).
To assign the two E. faecalis isolates to one of the four capsular prototype strains, serotype-specific immune sera from rabbits
were used in a CPS-specific ELISA as described elsewhere [12].

Statistics
For statistical analysis, Microsoft Excel and GraphPad PRISM
V.3 were used. Correlations were calculated using linear regression models and comparisons between two groups were made
with Student’s t test. Comparisons among three or more groups
were performed by ANOVA using Tukey’s Multiple Comparison
test for pair-wise comparisons. A p-value of < .05 was considered
to be statistically significant.

Results and Discussion
The results of the CPS ELISA indicated that the enterococcal pathogen isolated from patient 1 was serologically
reactive with serotype-specific immune rabbit serum [12]
raised against CPS-D (96% reactivity vs serotype-specific
immune serum), while patient 2 was infected with a bacterial strain belonging to the CPS-B serogroup (89% reactivity vs serotype-specific immune serum, data not shown).
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The CPS-ELISA results of the sera from the two patients
are shown in figure 1 (IgG concentrations) and figure 2
(IgM concentrations). Both patients had IgG and IgM antibodies against all four capsular polysaccharide antigens.
Neither patient showed higher amounts of antibodies
against the infecting serotype in comparison to the other
three serotypes.
Opsonic killing of the serum from patient 2 was better than that from patient 1 (Figure 3). Again, there was
no increased killing activity against the respective infecting
serotype (CPS-D for patient 1 and CPS-B for patient 2).
The values for IgG and IgM concentrations, as well as for
opsonic killing, were all within the range of those obtained
from healthy human controls (1 µg/ml to 30 µg/ml for IgG or
IgM concentrations) [11]. The better opsonic killing of the
serum from patient 2 in comparison to that from patient 1 is
similar to the findings in healthy human sera, where better
killing against CPS-A and CPS-B strains could be depicted
in comparison to poorer killing against CPS-C and CPS-D
strains [11]. Whether this difference between the two serotype groups is caused by induction of lower frequency of
opsonic antibodies or by increased resistance to opsonophagocytic killing remains to be determined.
Our data confirm that individuals, either healthy or reconvalescing from systemic enterococcal infections, possess
antibodies against enterococcal capsular polysaccharide antigens. This may be related to occasional translocation of
bacteria from the gastrointestinal tract into the bloodstream
[14, 15], which occurs even in otherwise healthy individuals.
The fact that patients with systemic infections do not mount
a more profound antibody response in the CPS-ELISA
against specific polysaccharide antigens of the infecting
strain is surprising, but similar observations also have been
made with other bacterial pathogens [16]. It may be possible
that only a small fraction of the antibodies binding to enterococcal polysaccharides in the CPS-ELISA are responsible
for opsonization and protection. We [17] and others [18–20]
have shown that several different polysaccharide antigens
exist within enterococci. Antibody to some or all of these
antigens may be measured in the CPS-ELISA [11].
Finally, our data indicate that quantitative differences in
opsonic activity among patient sera exist. Whether these differences correlate with unequal susceptibility to infection, or,
whether they correspond to a more mitigated course of the
disease, should be assessed in a larger prospective study.

Acknowledgment
This work was supported by a grant from the National Institutes
of Health (AI506670) to J.H.

Infection 33 · 2005 · No. 5/6 © URBAN & VOGEL

References
1.

Diekema DJ, Pfaller KA, Jones RN: Age-related trends in pathogen frequency and antimicrobial susceptibility of bloodstream
isolates in North America. SENTRY Antimicrobial Surveillance
Program, 1997–2000. Int J Antimicrob Agents 2002; 20: 412–
418.
2. Vergis EN, Hayden MK, Chow JW, Snydman DR, Zervos MJ, Linden PK, Wagener MM, Schmitt B, Muder RR: Determinants of
vancomycin resistance and mortality rates in enterococcal bacteremia, a prospective multicenter study. Ann Intern Med 2001;
135: 484–492.
3. Koch S, Hufnagel M, Theilacker C, Huebner J: Enterococcal infections: host response, therapeutic, and prophylactic possibilities.
Vaccine 2004; 22: 822–830.
4. Rakita RM, Quan VC, Jacques-Palaz K, Singh KV, Arduino RC, Mee
M, Murray BE: Specific antibody promotes opsonization and
PMN-mediated killing of phagocytosis-resistant Enterococcus
faecium. FEMS Immunol Med Microbiol 2000; 28: 291–299.
5. Rakita RM, Vanek NN, Jacques-Palaz K, Mee M, Mariscalco MM,
Dunny GM, Snuggs M, Van Winkle WB, Simon SI: Enterococcus
faecalis bearing aggregation substance is resistant to killing by
human neutrophils despite phagocytosis and neutrophil activation. Infect Immun 1999; 67: 6067–6075.
6. Gaglani MJ, Baker CJ, Edwards MS: Contribution of antibody to
neutrophil-mediated killing of Enterococcus faecalis. J Clin Immunol 1997; 17: 478–484.
7.
Arduino RC, Murray BE, Rakita RM: Roles of antibodies and complement in phagocytic killing of enterococci. Infect Immun 1994;
62: 987–993.
8. Arduino RC, Jacques-Palaz K, Murray, BE, Rakita RM: Resistance
of Enterococcus faecium to neutrophil-mediated phagocytosis.
Infect Immun 1994; 62: 5587–5594.
9. Huebner J, Wang Y, Krueger WA, Madoff LC, Martirosian G,
Boisot S, Goldmann DA, Kasper DL, Tzianabos AO, Pier GB: Isolation and chemical characterization of a capsular polysaccharide
antigen shared by clinical isolates of Enterococcus faecalis and
vancomycin-resistant Enterococcus faecium. Infect Immun 1999;
67: 1213–1219.
10. Huebner J, Quaas A, Krueger WA, Goldmann DA, Pier GB: Prophylactic and therapeutic efficacy of antibodies to a capsular polysaccharide shared among vancomycin-sensitive and -resistant
enterococci. Infect Immun 2000; 68: 4631–4636.
11. Hufnagel M, Kropec A, Theilacker C, Huebner J: Naturally acquired antibodies against four Enterococcus faecalis capsular
polysaccharides in healthy human sera. Clin Diagn Lab Immunol
2005; 12: 930-934.
12. Hufnagel M, Hancock LE, Koch S, Theilacker C, Gilmore MS,
Huebner J: Serological and genetic diversity of capsular polysaccharides in Enterococcus faecalis. J Clin Microbiol 2004; 42:
2548–2557.
13. Heckels JE, Virji M: Separation and purification of surface components. In: Hancock I, Poxton I (eds): Bacterial cell surface techniques. Wiley, Chichester [West Sussex]; New York, 1988. xv, p 329ff.
14. Wells CL, Maddaus MA, Simmons RL: Proposed mechanisms for
the translocation of intestinal bacteria. Rev Infect Dis 1988; 10:
958–979.
15. Krueger WA, Krueger-Rameck S, Koch S, Carey V, Pier GB, Huebner J: Assessment of the role of antibiotics and enterococcal
virulence factors in a mouse model of extraintestinal translocation. Crit Care Med 2004; 32: 467–471.

375

M. Hufnagel, J. Huebner Immune Response against Enterococci

16. Heidelberger M: Cross-reactions of polysaccharides of staphylococci and streptococci in antipneumococcal and other immune
sera. Mol Immunol 1984; 21: 1011–1013.
17. Wang Y, Huebner J, Tzianabos AO, Martirosian G, Kasper DL, Pier
GB: Structure of an antigenic teichoic acid shared by clinical
isolates of Enterococcus faecalis and vancomycin-resistant Enterococcus faecium. Carbohydr Res 1999; 316: 155–160.
18. Leopold K, Fischer W: Separation of the poly(glycerophosphate)
lipoteichoic acids of Enterococcus faecalis Kiel 27738, Enterococcus hirae ATCC 9790 and Leuconostoc mesenteroides DSM

376

20343 into molecular species by affinity chromatography on
concanavalin A. Eur J Biochem 1991; 196: 475–482.
19. Pazur JH: beta-D-Glucose 1-phosphate. A structural unit and an
immunological determinant of a glycan from streptococcal cell
walls. J Biol Chem 1982; 257: 589–591.
20. Pazur JH, Anderson JS, Karakawa WW: Glycans from streptococcal cell walls. Immunological and chemical properties of a new
diheteroglycan from Streptococcus faecalis. J Biol Chem 1971;
246: 1793–1798.

Infection 33 · 2005 · No. 5/6 © URBAN & VOGEL

