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   Short Communication

Contribution of Exotoxin A of Pseudomonas aeruginosa in Acute and

Chronic Experimental Renal Infection
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SUMMARY: The role of Pseudomonas aeruginosa exotoxin A was studied in acute and chronic pyelonephritis
models employing an exotoxin A-producing strain PAO, and its toxin deficient mutant PAOT1. Interestingly, the
mutant strain was found to be at an advantage in its ability to induce acute pyelonephritis and it induced severer
renal pathology. No significant differences were observed in the ability of the parent strain and its mutant to
induce chronic renal inflammation.
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The pathogenesis of Pseudomonas aeruginosa infections
is multifactorial based on the number of virulence factors (1).
A growing line of evidence suggests that P. aeruginosa
exotoxin A is an important virulence factor in infections such
as septicemia (2), corneal infections (3), and lung infections
(4,5). The contribution of this virulence factor in acute and
chronic lung infections has also been well studied (6-8).
However, no information exists regarding the contribution
of exotoxin A in relation to urinary tact infections (UTIs)
caused by P. aeruginosa. The importance of this organism is
of special relevance since it is UTIs’ third leading cause,
accounting for about 11% of nosocomial UTIs (9). In the
present study, an exotoxin A-producing strain of P. aeruginosa
PAO, and its mutant lacking this ability were employed to
study the possible role of exotoxin A in acute as well as in
chronic pyelonephritis. P. aeruginosa PAO and its exotoxin
A-deficient mutant PAOT1 were obtained from Dr. Barbara H.
Iglewski, University of Rochester, N.Y., USA, who produced
exotoxin A-deficient mutant PAOT1 by the chemical
mutagenesis of the parent strain PAO. The organisms were
introduced in planktonic cell form transuretherally via an
ascending route (10,11). A total of eight mice were infected
in each set of experiments (repeated three times). Kidneys
were removed aseptically and examined for bacterial load
and their pathology was assessed. Grading of the severity of
pathological lesions was done according to the method of
Garg et al. (12). Kidney sections were evaluated on a semi-
quantitative scale of 0 to 4. Total score indicative of the
lesions’ overall severity was determined by adding each of

the individual scores.
The results of the present study revealed that both the toxi-

genic parent strain and its mutant were able to induce renal
infection in mice, but the toxin-deficient mutant was found
to be more virulent since it induced severer renal pathology
(Table 1). The precise reason for this observation is not clear,
and for direct comparison no studies are available in relation
to UTIs. However, studies regarding respiratory infections
(RTIs) has shown that P. aeruginosa exotoxin A inhibits the
production of pro-inflammatory cytokines (8,13,14). This
down-regulatory effect on these proteins could provide a
possible explanation for the lower severity scores of renal
lesions in mice infected with the exotoxin A-producing parent
strain. This explanation has relevance in that a common factor
would be mucosal site involvement in both types of acute
inflammatory responses.

 The results of chronic renal infection, however, differed
from those observed in the acute form of pyelonephritis. No
significant differences were observed in the severity scores of
the renal lesions induced by the parent strain and its mutant.
For comparison, again a RTI-related study is available. Woods
et al. (6) employed a rat model to assess the role of P. aeruginosa
exotoxin A in chronic lung infection, and demonstrated that
active toxin A is required for maximum virulence in the model.
They observed that chronic inflammatory changes could be
induced only with toxigenic parent strain. It appears that the
virulence potential of exotoxin A may vary with the site and
tissue involved. In relation to elastase, an enzyme produced
by this organism, its virulence for different tissues has been

Table 1.  Comparison of renal bacterial load and severity scores of Pseudomonas aeruginosa
PAO and PAOT1 in acute and chronic pyelonephritis models

PAO PAOT1

Renal bacterial load 5.455 ± 0.302 5.126 ± 0.121
Acute pyelonephritis

Severity score 3 6

Renal bacterial load Sterile kidneys Sterile kidneys
Chronic pyelonephritis

Severity score 4 5
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shown to vary with organ site (7). The pathogenicity of an
opportunistic pathogen such as P. aeruginosa, which is armed
with multiple virulence factors, thus needs to be studied by
employing mutants of different virulence factors with regard
to UTIs. Further, there is a paucity of available literature
regarding the role of different cytokines in the evolution of
the UTIs caused by this organism. The results of the present
study should lead to future research concerning this issue.
The model being reported here is of special relevance in this
regard.
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