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We have shown previously that Klebsiella pneumoniae receptors for coliphages
T3 and T7 also mediate mannose-inhibitable adherence to human epithelial cells
and protect bacteria from phagocytosis and intracellular killing by human poly-
morphonuclear cells. In this paper we analyze the possible role of such mannose-
inhibitable adhesins and T3-T7 receptors (MIAT) in K. pneumoniae intraperitone-
al pathogenicity for mice. We showed that intraperitoneal pathogenicity for mice
of four different Klebsiella strains (one laboratory and three wild-type) that carry
the MIAT was approximately 60-fold higher than that of four derivative strains
that lost such receptors by spontaneous mutation. The MIAT could be repressed
by Klebsiella phage AP3 lysogenic conversion. Two laboratory and two wild-type
strains converted by phage AP3 were also approximately 60-fold less pathogenic
for mice than parental strains and showed a pathogenicity level equal to that of the
MIAT-negative mutants. Studies of protection in mice with anti-whole cell
antisera showed that passive immunization against MIAT-positive cells was more
protective than immunization against MIAT-negative cells. Studies of protection
in mice by both active and passive immunization with lipopolysaccharide and
purified outer membrane proteins have shown that the proteins are the most
protective outer membrane components. Since it has been shown previously that
the Klebsiella receptors for T3-T7 have a proteic component and that an outer
membrane protein is missing in the strains resistant to T3-T7 (C. Pruzzo et al., in
R. C. Berkely (ed.), Microbial Adhesion to Surfaces, 1980); the latter finding

further supports the role of MIAT in the pathogenicity of Klebsiella for mice.

The ability to adhere to epithelial cells is
thought to be a prerequisite for the colonization
of vertebrate hosts by bacterial strains (1, 4, 10,
24). Ability to colonize, although not sufficient
by itself, is a very important and often necessary
step in the pathogenicity of microorganisms (8,
9, 11, 14, 25).

Various ligands mediating adherence to epi-
thelial cells have been described for several
pathogenic, opportunistic, or saprophytic bacte-
ria (4, 11, 24, 26, 28, 43, 45).

A bacterial ligand mediating adherence to the
vertebrate host epithelia also exposes bacteria to
the harmful action of the colonized host de-
fenses. Consequently, a powerful selective pres-
sure is present to induce bacteria to lose adher-
ence structures, unless such structures are at the
same time capable of protecting bacteria from
host defenses, thus playing a more direct role in
bacterial pathogenicity. To date, a possible in-
terference of bacterial adhesins in the protection

of bacteria from recognition by host immune or
cellular defense mechanism has been proposed
for gonococci by some authors, but not con-
firmed and disputed by others (7, 25, 31, 33, 44).
On the contrary, several well-documented cases
have been reported indicating that bacterial ad-
hesins facilitate phagocytosis and killing of bac-
teria by both human polymorphonuclear cells
(PMNs) and mouse peritoneal phagocytes (3, 19,
41, 42). Recently an intermediate situation in
uropathogenic Escherichia coli bearing man-
nose-resistant pili has been shown (5). In fact,
mannose-resistant pili mediate adherence to epi-
thelial cells but do not mediate adherence to rat
peritoneal macrophages or human PMNs (5).

A bacterial adherence structure which ap-
pears to have peculiar properties with respect to
those previously described has recently been
identified in unencapsulated strains of Klebsiella
pneumoniae (28, 29). These adhesins (named
MIAT) function as both mannose-inhibitable ad-
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TABLE 1. Origin and other characteristics of K. pneumoniae strains used in this study

Strain Origin and characteristics

KS9 .o This Institute’s collection; unencapsulated, sensitive to Klebsiella phages
FR2 and AP3 and to coliphages P1, T3, T7, and 41 (28, 38, 39), MIAT-
positive

KSYFR2)........oovvvviinn... K59 derivative; lysogenic for FR2, resistant to P1 (28), MIAT-positive

KS5S9(AP3)1, K59(AP3)2......... K59 derivatives; lysogenic for AP3, resistant to T3, T7 and ¢1 (28), MIAT-
negative

KRTT1, KRTT2............... Unencapsulated K59 derivatives; selected for resistance to T7, resistant also
to phage T3 (28), MIAT-negative

KS9rough .................... K59 derivative; selected as resistant to a wild-type Klebsiella phage (2, 35),

sensitive to Mu-1 phage and 0.5% sodium desoxycholate, capable of ad-
hering to epithelial cells, MIAT-positive

KRTT1 rough, KRTT2 rough .. .Derived from strain K59 rough; selected for resistance to T7 as described
(28), resistant also to T3, unable to adhere to epithelial cells, MIAT-nega-

tive

K25,K26,K31................ Unencapsulated wild-type strains isolated from clinical specimens; sensitive
to infection by phages T3 and T7 (28), MIAT-positive

K25R, K26R, K31R............ Unencapsulated derivative of strains K25, K26, and K31; selected for resist-
ance to T7 (28), resistant also to T3, MIAT-negative

K2Srough .................... K25 derivative; selected as resistant to a wild-type Klebsiella phage (2, 35),
sensitive to Mu-1 phage and 0.5% sodium desoxycholate, MIAT-positive

K25Rrough................... Derived from strain K25 rough; selected for resistance to T7 as described
(28), resistant also to T3, does not adhere to human epithelial cells, is sen-
sitive to phagocytosis by human PMN, MIAT-negative

hesins to human epithelial cells and coliphage
T3-T7 receptors (28). They also protect bacteria
from phagocytosis and intracellular killing by
human PMNs (29). Since phagocytosis plays a
major role in the aspecific defenses of the verte-
brate hosts, such findings suggested the possibil-
ity that the MIAT are the major pathogenicity
determinants in K. pneumoniae.

We showed that both laboratory and wild-type
MIAT-positive Klebsiella strains show a greater
persistence in the mouse peritoneum and are
over 60-fold more pathogenic for mice than
MIAT-negative strains.

MATERIALS AND METHODS

Strains. The Klebsiella strains used in this study are
listed in Table 1. Absence of capsule in apparently
unencapsulated colonies grown in Worfel-Ferguson
broth (Difco Laboratories) was confirmed by reacting
cells with anti-Klebsiella capsule sera and observing
the development of a quellung reaction. Klebsiella
phages FR2 and AP3 were isolated from K. pneumo-
niae MirM7 (36, 37) and have been described previous-
ly (38, 39). Coliphages T3 and T7 were purchased from
the American Type Culture Collection.

Media and buffers. Brain heart infusion broth (Difco)
and brain heart infusion agar (Difco) were employed

throughout this study. Phosphate-buffered saline (0.1
M Na,HPO,, 0.1 M KH,PO,, 0.15 M NaCl; pH 7.2 to
7.4) and Hanks balanced salt solution were also em-
ployed.

Animals. Male Swiss albino mice weighing about 20
g and 3-kg white New Zealand rabbits were employed.

OMPs and LPS preparation. Outer membrane pro-
teins (OMPs) and pure lipopolysaccharide (LPS) were
prepared as described by Lindberg and Holrne (18).

Preparation of immune sera. Antisera against whole
bacteria were raised in rabbits. Exponentially growing
bacteria were washed with phosphate-buffered saline,
killed by 4% Formalin treatment, and kept at 37°C for
10 h. Rabbits were immunized by six intravenous 1-ml
injections of the suspensions given at 2- or 3-day
intervals. The immune sera were collected 4 days after
the final injections. Antisera against OMPs and LPS
were obtained in the same way except that 5 mg of
OMPs and 200 pg of LPS in Freund complete adjuvant
were inoculated.

Preparation of adsorbed antisera. Two milliliters of
antisera against whole bacteria was added to a centri-
fuged sediment of the desired Klebsiella strain con-
taining approximately 10'° cells. After 18 h at 4°C, the
bacteria were removed by centrifugation, and the
supernatant was used in further experiments as ad-
sorbed sera.

Challenge and determination of LDs, values. The
50% lethal dose (LDsg) values were calculated accord-
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TABLE 2. LDy, in mice of MIAT-positive and
MIAT-negative Klebsiella strains

Challenge LDy (no. of Fold
straing MIAT® 5coeils) difference’®
K59 + 3.3 x 10°
KRTT1 - 1.9 x 10’ 57.6
KRTT2 - 2.5 x 107 75.7
K25 + 2.7 x 10°
K25R - 1.1 x 107 40.7
K26 + 2.2 x 10°
K26R - 1.3 x 107 59.1
K31 + 3.8 x 10°
K31R - 2.3 x 107 60.5

2 +, Presence of MIAT; —, absence of MIAT.

b Fold differences were calculated by comparing the
LDso values of MIAT-negative strains with those of
MIAT-positive parents.

ing to Reed and Muench (32). Four different doses of
overnight broth cultures were injected intraperitoneal-
ly to a group of five mice for each dose. The calcula-
tions were based on the numbers of survivors on day
15. The significance of the difference between the
LDs, values of the immunized mice and those of the
nonimmunized mice was estimated as previously de-
scribed (46). Results were considered significant for P
< 0.01.

Vaccination of mice. Mice were inoculated twice
intraperitoneally with either LPS (5 pg) or OMPs (50
ug) at 2-week intervals. To evaluate protection, vacci-
nated mice were injected intraperitoneally with the
tested strain 10 days after the last injection.

Passive protection studies in mice. Mice were inject-
ed in the central tail vein with 0.2 ml of inactivated
(56°C, 30 min) adsorbed or unadsorbed sera 2 or 3 h
before and 1 h after intraperitoneal inoculation of the
tested strain.

Klebsiella intraperitoneal fate in mice. The intraperi-
toneal fate of Klebsiella strains in mice was studied as
described by Medearis et al. (20).

Sensitivity to serum. The serum sensitivity of the
Klebsiella strains was tested by incubating 5 x 10°
bacteria in 1 ml of 40% pooled human or mouse sera
diluted in Hanks balanced salt solution. At 15, 30, 45,
and 60 min, samples were diluted and plated on brain
heart infusion agar to determine the percentage of
survivors.

RESULTS

Intraperitoneal pathogenicity for mice of
MIAT-positive and MIAT-negative strains of K.
pneumoniae. To study the possible role of the
T3-T7 receptors in the pathogenicity of K. pneu-
moniae, we evaluated the LDsg in mice of one
laboratory MIAT-positive Klebsiella strain and
three wild-type MIAT-positive Klebsiella strains
and of spontaneous T7-resistant mutants derived
from them. The T7-resistant derivatives were
also all unadhesive and resistant to phagocytosis
by human PMNs (MIAT-negative) (28, 29). Ta-
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ble 2 shows that both the laboratory and the
wild-type MIAT-positive klebsiellae were 40- to
60-fold more intraperitoneally pathogenic for
mice than the respective MIAT-negative sponta-
neous mutants. It has been shown previously
that both the laboratory strain K59 and wild-
type strains of K. pneumoniae converted to
resistance to coliphages T3-T7 by the temperate
phage AP3 (or another AP3-like phage) were
unable to adhere to human epithelial cells (28)
and were sensitive to phagocytosis by human
PMNs. To determine whether loss of the MIAT
by a mechanism other than spontaneous muta-
tion to coliphage T7 resistance was still associat-
ed with a reduction of intraperitoneal pathoge-
nicity, we evaluated the pathogenicity of strain
K59 derivatives lysogenic for AP3. Table 3
shows that two K59(AP3) strains were approxi-
mately 60-fold less pathogenic for mice than the
K59 parent. On the contrary, a K59 derivative
lysogenic for phage FR2 which causes resistance
to coliphage P1, but does not influence sensitiv-
ity to T3-T7 showed approximately the same
pathogenicity level as the parent. After curing
from phage infection, the KS9(AP3) strains re-
covered the same pathogenicity level as the K59
parent.

Effect of passive immunization against MIAT-
positive and MIAT-negative cells on K. pneumo-
niae pathogenicity for mice. Table 4 shows that
although antisera were only slightly protective,
mice injected with anti-K59 sera both unad-
sorbed and adsorbed with KRTT1 cells were
more resistant to strain K59. Unadsorbed anti-
KRTT1 serum protected to a slight (if any)
extent against the MIAT-negative strain and
gave virtually no protection against the MIAT-
positive strain. Anti-K59 sera adsorbed with this
strain as well as anti-KRTT1 sera adsorbed
either with KRTT1 or K59 cells did not show
any protective effect against either strain.

Sensitivity to serum bactericidal effect and per-
sistence in mouse peritoneum of MIAT-positive

TABLE 3. Effect of lysogenic conversion by phages
AP3 and FR2 on the LDs, for mice of Klebsiella

strains
Sensitivity LDy, ¢ ¢ Fold
. to:? no. o ol
Challenge strain ° Sé’ells) difference”®
T3|(T7|P1
K59 + |+ |+ [3.7x10°
KS5S9(AP3)1 - =1+ (21x10 56.7
K59(AP3)2 - |- |+ |24x10 64.8
K59(FR2) + |+ |- ]41x10° 1.1
K59(AP3)1 cured| + |+ |+ | 4.8 x 10° 1.2
K59(AP3)2 cured| + |+ [+ | 3.9 x 10° 1.0

“ +, Sensitive; —, not sensitive.
% Fold differences were calculated by comparing the
LDs, values of K59 derivatives with that of K59.
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TABLE 4. Effect of passive immunization with anti MIAT-positive and MIAT-negative sera on LDs, for
mice of K. pneumoniae strains K59 and KRTT1¢

K59 KRTT1
Pretreatment LDs, (no. of Fold p LD (no. of Fold p
cells) difference cells) difference
Saline 4.2 x 10° 2.6 x 107
Preimmune serum 4.4 x 10° 1.0 2.9 x 107 1.1
Anti-K59 serum
nonadsorbed 2.6 x 108 6.1 <0.01 4.9 x 107 1.9 >0.01
adsorbed with K59 4.4 x 10° 1.0 >0.01 3.1 x 107 1.2 >0.01
adsorbed with KRTT1 2.3 x 106 5.5 <0.01 2.8 x 10’ 1.1 >0.01
Anti-KRTT1 serum
nonadsorbed 5.8 x 10° 1.4 >0.01 5.3 x 107 2.0 >0.01
adsorbed with K59 3.7 x 10° 0.9 >0.01 3.1 x 107 1.2 >0.01
adsorbed with KRTT1 4.4 x 10° 1.0 >0.01 2.2 x 107 0.8 >0.01

2 Fold differences and P values were calculated comparing serum-treated mice with saline-treated mice.

and MIAT-negative Klebsiella strains. It is known
that changes in envelope properties can be asso-
ciated with alterations in sensitivity to the bacte-
ricidal effect of sera. To study whether the
reduced pathogenicity of the MIAT-negative
strains was dependent on either a higher sensi-
tivity to the bactericidal effect of -the mouse
blood or the higher sensitivity to phagocytosis
by PMNs, we analyzed both sensitivity to the
bactericidal effect of sera and the ability of
MIAT-positive and MIAT-negative strains to
persist within the mouse peritoneum. It was
shown that the sensitivities of strains K359,
KRTT1, and KRTT?2 to the bactericidal effect of
both mouse and human sera are virtually equal
(about 15% survivors at 60 min, data not
shown). No significant differences were ob-
served among strain K59 and K59 derivatives
lysogenic for phages AP3 or FR2, which repress
receptors for coliphages T3-T7 and P1, respec-
tively. The effect of rough mutation on serum
sensitivity was also tested. As expected, the
rough mutants were about eight-fold more sensi-
tive than the parental strains. However, the
sensitivities of the rough MIAT-positive and
MIAT-negative strains were equal (data not
shown). As opposed to sensitivity to the serum
bactericidal effect, the MIAT receptors signifi-
cantly influenced the ability of bacteria to persist
in the mouse peritoneal cavity. Fifty minutes
after injection, the number of MIAT-negative
bacteria still present in the peritoneum was
approximately half that of the MIAT-positive
bacteria (Table 5). It should also be noted that
the rough mutation did not influence the persis-
tence of MIAT-positive or MIAT-negative kleb-
siellae in the mouse peritoneal cavity.

Role of LPS and OMPs in the pathogenicity of

MIAT-positive Klebsiella strains. The receptors

for coliphages T3-T7 are thought to reside in the
LPS (17). On the other hand, LPS is known to
play a major role in the pathogenicity of certain
gram-negative bacteria. To evaluate the possible
role of LPS changes in the different pathogenici-
ties of MIAT-positive and MIAT-negative Kleb-
siella strains, we isolated rough mutants from
two of the MIAT-positive and two of the MIAT-

TABLE 5. Persistence in mouse peritoneum of
MIAT-positive and MIAT-negative Klebsiella strains

Extracellular
Inoculum . .
. bacteria at 50 min
Strain Expt (m; (;foff..“s (% inoculum) +
SE
K59 A 42 85 + 11.3
B 35 60 = 15.5
C 26 79 + 12.8
KRTT1 A 55 41 = 15.5
B 66 18 £ 121
C 34 36 = 15.1
KRTT2 A 21 36 £15.1
B 17 31 + 14.6
C 75 24 +13.5
K59 rough A 61 74 + 13.8
B 54 94+ 7.5
C 98 63 +15.2
KRTT1 rough A 43 20 + 12.6
B 54 39 +154
C 14 17 = 11.8
KRTT2 rough A 67 36 £ 15.1
B 87 43 * 15.6
C 54 21 £ 128

< Each dose was given to 10 mice.
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TABLE 6. Effect of active immunization with LPS and OMPs on LDs, for mice of K. pneumoniae strains
K59 and KRTT1“

K59 KRTT1
Vaccine LDy, (no. of Fold R LDs, (no. of Fold p
cells) difference cells) difference
None 2.2 X 10° 1.5 x 107
OMPs
K59 5.5 x 10°® 25 <0.01 1.1 x 108 7.3 <0.01
KRTT1 3.9 x 10° 1.8 >0.01 9.0 x 107 6 <0.01
LPS
K59 7.2 x 10° 33 <0.01 4.2 x 107 2.8 <0.01
KRTT1 4.9 x 10° 2.2 <0.01 3.6 x 107 2.4 <0.01

“ Fold differences and P values were calculated by comparing vaccinated mice with nonvaccinated mice.

negative Klebsiella strains described in Table 2
and compared intraperitoneal pathogenicities for
mice of these mutants with those of the corre-
sponding smooth parents. The pathogenicity of
the rough derivatives was not much different
from the pathogenicity of the smooth parents
both in the MIAT-positive and the MIAT-nega-
tive klebsiellae.

We then evaluated the protecting effect of
vaccination with the pure LPS from a MIAT-
positive strain and from its MIAT-negative de-
rivative. Table 6 shows that vaccination with
LPS from MIAT-positive or MIAT-negative
Klebsiella give little protection against the re-
spective strain. It was also evident that the
protection given by the LPS from strain K59 was
only slightly higher than that given by the LPS
from strain KRTT1. Furthermore, mice vacci-
nated with the LPS from K59 were almost
equally protected against K59 and KRTT1 and
vice versa.

The protecting effect of active immunization
with OMPs was studied next. Mice vaccinated
with OMPs were much more protected than
those vaccinated with LPS (Table 6). Vaccina-
tion with the K59 OMPs rendered mice almost
25-fold more resistant to this strain, but raised
resistance against strain KRTT1 by only 7-fold.

Vaccination with the KRTT1 OMPs gave virtu-
ally no protection against strain K59, while
protecting against strain KRTT1 to approxi-
mately the same extent as vaccination with K59
OMPs.

Finally, we evaluated the protective effect of
anti-OMPs and anti-LPS sera. Table 7 shows
that anti-OMPs sera had a strong protective
effect. The strongest protection was given by
anti-K59 OMPs sera, which rendered mice 16-
fold more resistant to intraperitoneally injected
MIAT-positive cells. The antiserum also pro-
tected against the MIAT-negative strain, but
protection was over fivefold lower. Anti-KRTT1
OMPs sera gave an evident protection against
the MIAT-negative strain, but protected very
little against K59, causing only a twofold reduc-
tion in mice sensitivity. Anti-LPS sera were
much less protective. Antisera against LPS from
the MIAT-negative cells was almost equally
protective against the MIAT-positive and
MIAT-negative strains and vice versa.

DISCUSSION

The data presented in this paper clearly show
that the MIAT in K. pneumoniae are the main
determinant of pathogenicity. The MIAT have
previously been proved to be receptors for coli-

TABLE 7. Effect of passive immunization against LPS and OMPs on the LDs, for mice of K. pneumoniae
strains K59 and KRTT1

K59 KRTT1
Pretreatment LDs, (no. of Fold P LDs, (no. of Fold R
cells) difference cells) difference
Saline 1.4 x 10° 8.2 x 108
Preimmune serum 1.6 x 10° 1.1 8.3 x 10° 1.0
Anti-K59 OMPs serum 2.2 x 10° 15.7 <0.01 2.7 x 10° 3.2 <0.01
Anti-KRTT1 OMPs serum 2.5 x 10 1.8 >0.01 5.3 x 10° 6.4 <0.01
Anti-K59 LPS serum 3.2 x 10° 2.3 >0.01 1.8 x 10° 21 >0.01
Anti-KRTT1 LPS serum 2.9 x 10°¢ 2.1 >0.01 1.5 x 10° 1.8 >0.01
“ Fold differences and P values were calculated by comparing serum-treated mice with saline-treated mice.
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phages T3-T7, to be responsible for adherence to
human epithelial cells (28), and to protect
against phagocytosis (29). To date, no other
bacterial component has been reported to have
both epithelial cell adhesive and antiphagocytic
properties. As mentioned above, it has been
shown recently that E. coli strains with man-
nose-resistant pili do not adhere to phagocytes
(5). This situation is different from the one
observed with MIAT. In fact, whereas mannose-
resistant pili of uropathogenic E. coli do not
allow binding to phagocytes and do not interfere
with phagocytosis, MIAT do not interfere with
phagocytes, drastically reducing both uptake
and intracellular killing.

The determination that the MIAT of K. pneu-
moniae are pathogenic determinants in mice was
concluded from the finding that their loss by two
different means, spontaneous mutation and lyso-
genic conversion, was consistently associated
with a dramatic reduction of the pathogenicity
level and from the results of active and (although
to a lower extent) passive immunization experi-
ments. Four different strains (one laboratory and
three wild-type) carrying the MIAT and seven
strains (three laboratory and four wild-type) not
carrying them were tested for intraperitoneal
pathogenicity in mice. All of the MIAT-positive
strains were at least 60-fold more pathogenic
than all of the MIAT-negative ones. Passive
immunization against strain K59 whole cells was
only moderately protective; however, it seemed
to protect more against K59 than against
KRTT1. Immunization against KRTT1 was
slightly protective against KRTT1 and had no
effect against K59.

Other examples are known of adhesins clearly
involved in bacterial pathogenicity from which
vaccines are prepared (13, 22, 34, 40). Animals
immunized with these vaccines develop humoral
antibodies and, in most cases, are protected
against infections by the tested strains.

It is generally thought that in E. coli the T3-T7
receptors reside in the LPS. LPS was also
thought to be the receptor for other coliphages
like T4 (47). It has been shown recently that the
receptor for T4 phage also involves an OMP
(23). It has been shown (30) that the MIAT is
proteic in nature and that the K. pneumoniae
receptor for T3-T7 also involves an OMP. We
showed that the different pathogenicity of the
MIAT-positive and MIAT-negative strains is not
bound to differences in the LPS but to differ-
ences in the protein fraction of the outer mem-
brane. In fact, the rough mutation that involves
loss of sugar or amino sugars from the variable
portion of the LPS did not significantly influence
the pathogenicity of either MIAT-positive or
MIAT-negative strains, and active and passive
immunization with the LPS from K59 did not
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protect any more than immunization with the
LPS from KRTT1. On the other hand, active
immunization with K59 OMPs was clearly pro-
tective against K59, whereas immunization with
KRTT1 OMPs did not protect against the MIAT-
positive strain. It is also quite significant that the
protection given by passive immunization
against K59 OMPs was much higher than that
given by immunization against K59 whole cells.
It is likely that the OMP components which raise
the virulence of Klebsiella are present in a small
amount in the bacterial envelope and that in the
number of cells generally used for active immu-
nization, it is not contained in a sufficient
amount for good antigenic stimulation. This may
also explain the finding that vaccination with
whole cells is often less effective than vaccina-
tion with the isolated main pathogenicity deter-
minants (mostly exotoxins) and raises the possi-
bility of preparing vaccines, once the bacterial
pathogenicity determinants have been isolated,
either by the extraction and purification or by
increasing the expression through genetic engi-
neering of these determinants.

The above findings, aside from further sup-
porting the role of MIAT in pathogenicity, show
that the major pathogenicity determinants in
these K. pneumoniae strains reside in the pro-
teic component of the outer membrane. A strong
protective effect of active immunization with
OMPs has been already shown with Salmonella
typhimurium (16). Other findings of our labora-
tory indicate that the T3-T7 receptors of E. coli
have properties similar to those of K. pneumo-
niae. These findings raise the possibility that
OMPs in most Enterobacteriaceae (and possibly
gram-negative strains) include major pathoge-
nicity determinants. The OMPs of S. typhimur-
ium that play a role in pathogenicity have been
identified in the so-called ‘‘porins’’ (16). In the
Klebsiella strains described here, the OMP(s)
that raises the pathogenicity has not yet been
identified. However, although the mechanism
by which the S. typhimurium porins raise patho-
genicity is not known, the data described above
demonstrate that OMPs are major pathogenicity
determinants which most likely act by allowing
bacterial colonization of mucosa and protecting
bacteria against phagocytosis. Although studies
on phagocytosis were performed with human
PMNs (29) and pathogenicity was studied in
mice, we showed that MIAT-positive cells per-
sist more than MIAT-negative ones in mouse
peritoneum, thus indicating that the former
strains are more resistant than the latter to
phagocytosis by mouse phagocytic cells.

This is the first report of a phage receptor that
appears to be a major pathogenicity determi-
nant. Since several bacterial cell surface compo-
nents probably work as receptors for some
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phage, phages might be exploited as tools for
identifying surface components with roles in
bacterial pathogenicity. The same may hold for
bacteriocins, which have been shown to often
share the same receptors with phages (15). It is
then possible that additional determinants of
bacterial pathogenicity may be detected by
screening changes from sensitivity to resistance
to phage or bacteriocin infection. It should also
be mentioned that phage or bacteriocin receptor
properties of these determinants could greatly
facilitate genetic or biochemical studies.

Phage and bacteriocin typing of strains have
been and are being used for epidemiological
purposes (12, 21, 27). It has been observed in
several species that strains belonging to specific
phage types were more pathogenic or most often
associated with a particular illness (27). The
present work may provide an explanation for
those findings. In addition the bacterial phage
types known to be most often associated with
specific illness appear to be good candidates for
carrying a pathogenicity determinant in their
respective phage receptor.

This paper also demonstrates a bacterial cell
surface component prone to repression by lyso-
genic conversion that plays a major role in
pathogenicity. The importance of this finding
comes from the fact that the significance of
lysogenic conversion in bacterial physiology is
poorly understood and that the influence on
bacterial physiology of converting phenomena
that cause changes in the surface antigens is
completely unknown. In this case, the convert-
ing phage, aside from causing loss of adhesion to
human epithelia, also heavily interferes in resist-
ance to phagocytosis by human PMNs. The fact
that the conversion by phage AP3 renders unen-
capsulated K. pneumoniae strains incapable of
colonizing human epithelia, more prone to
phagocytosis, and less pathogenic could be im-
portant in the evolution of the species by causing
their spreading into habitats different from the
vertebrate hosts. The dramatic increase in sensi-
tivity to phagocytosis caused by the loss of
MIAT represents, for instance, a strong selec-
tive pressure toward the loss of the prophage or
toward mutations that allow expression of the
MIAT receptors in the presence of the pro-
phage. A clinically isolated wild-type Klebsiella
lysogenic for phage AP3 that carries a unique
mutation preventing expression of both immuni-
ty to superinfection and phage AP3 lysogenic
conversion without causing prophage induction
has been described previously (38, 39).

Several other cases of bacteriophage recep-
tors that perform other functions have been
already described (6, 15), but in no case were the
functions associated with the phage receptor of
the type described here. Although in a large
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number of strains tested sensitivity to T3 and T7
was consistently associated with all of the prop-
erties mentioned above and the absence of one
of these properties was always accompanied by
loss of all the others, it cannot be excluded that
the functions apparently associated with coli-
phage T3-T7 receptors are not all coded by the
same gene.
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