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THE PULMONARY RESPONSE OF THE AGED DOG TO PNEUMOCOCCUS: PRELIMINARY FINDINGS

Abstract - Pneumonia in the elderly can be fatal,

especially in those individuals with other under- PRINCIPAL INVESTIGATORS

lying diseases. Several factors are involved in the A. P. King-Herbert

Increased susceptibility to pneumonia with increasing D. E. Bice

age; the loss of the immune competency may con- B. A. Huggenburg

tribute significantly. The goal of this study was to P. J. Haley

expose a selected lung lobe in young and senescent T. L. NerZin

dogs to 108 cfulmL of viable pneumococcus and to

compare inflammatory and immune responses. The inflammatory response appeared to be equal in both

young and aged dogs; however, the young dogs showed a large influx of lymphocytes In the immunized

lobe that was not found in the aged dogs.

Streptococcus pneumoniae is a normal inhabitant of the upper respiratory tract (URT).l

Aspiration of secretions of the URT occurs frequently; however, the defense system of the normal 

healthy adult prevents infection. Several factors predispose the elderly to pneumonia.2 Some

include coexisting illness, malnutrition, the use of some medications, and the probable loss of

immune competency. In this study, we compared the pulmonary defense system against bacterial

infections in apparently healthy young and aged dogs to determine if age itself may contribute to

a higher incidence of pneumococcus pneumonia.

METHODS

Five female Beagle dogs were used in this study. Two of the dogs were 13 yr old and the other

three were 2 yr of age. Body temperature, heart rate, respiration rate and pattern, chest

auscultation, appetite, and attitude were observed and recorded daily.

A lyophilized sample from a single virulent strain of S. pneumoniae, type III, was

reconstituted with thioglycollate media (Difco Laboratories. Detroit, MI), inoculated onto sheep

blood agar plates (Microbio Laboratories, lempe, AZ), and incubated overnight at 35'C in a 5% C02

incubator. The colonies formed were harvested from the agar plates, suspended in phosphate buffer

saline (PBS) and washed 3 times by centrifugation. A stock solution of approximately 109

colony-forming units per milliliter (cfu/mL) of bacteria in PBS was prepared. The concentration

of the stock solution was estimated by determining turbidity with a clorimeter (Vitek Systems,

McDonnell Douglas Health Systems Co., Hazelwood, M. Serial dilutions of the stock solution were

made to obtain the dilution needed for instillation. These dilutions were confirmed by

quantitative cultures using the pour plate techniques

The left cardiac lung lobe (LC) was the pneumococcus-instilled lobe and the right cardiac lobe

(RC) was the PBS-control lobe. Each dog was exposed by instillation of 108 cfu/mL of pneumococcus

in I mL of sterile PBS via a catheter through a fiberoptic bronchoscope (Olympus Corp., Model BF,

Type 482, Lake Success, NY, 5.5 mm O.D.). The dogs were anesthetized by halothane inhalation and

were intubated prior to use of the bronchoscope. The control and exposed lung lobes were avaged

at 4 h and 24 h after exposure, and then every 48 h thereafter until day 13. Five aliquots of 

mL of saline were used to lavage each lobe. Thoracic radiographs were taken and blood was drawn

464



for white blood cell counts. The anti-pneumococcal antibody titer was evaluated in serum and lung

lavage fluid.

Approximately I m of bronchoalveolar lavage fluid (BAL) from each lobe was cultured on blood

agar plates. Cells from the BAL were then washed once by centrifugation, resuspended in RPMI, and

counted. Cytocentrifuge smears were stained with Wright's stain and evaluated for differential

cell counts. Bacteria were identified by gram stain. White blood cell and differential cell

counts were performed on blood samples. The Lowry method of protein analysis was used to assess

the total protein of the BAL fluid. An enzyme-linked immunosorbent assay (ELISA), previously

described,4 was modified to determine specific anti-pneumococcus IgG, gM and IgA antibody in the

BAL fluid and serum.

Data are presented as mean standard error.

RFSULTS

The BAL cultured at 4 h after instillation was positive for the presence of pneumococcus in

the exposed lobe and negative in the control lobe. BAL cultures from the other lavage times were

negative for pneumococcus for both the exposed and control lobe.

Peak elevation of the total number of bronchoalveolar cells in the pneumococcus-exposed lobe

of all five dogs was observed at I day after instillation (Fig. 1). These cells were

predominately PMNs 87-93%), as shown in Figure 2 Both total and percent lymphocytes in the BAL

were significantly elevated only in the young dogs, with peak numbers at day 9 after instillation

(p < 0.05) (Fig. 3. The total protein level in all the dogs was comparable.

Anti-pneumococcal IgG antibody levels in BAL were higher in the three young dogs. In all of

the animals, the peak concentration was seen at day 1; levels dropped significantly afterwards,

reaching levels paralleling the PBS-control lobe by day 7 (Fig. 4 IgA and IgM antibody titers

in the BAL were low. The younger animals also showed an increased number of lymphocytes in the

exposed lobe at day 9 However, there was not a corresponding rise in anti-pneumococcal antibody

titer in the BAL of the exposed lobe, hence, these lymphocytes did not appear to be

antibody-forming cells.
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Figure 1. Total cells present in BAL of aged (A) and young (B) dogs. The left cardiac lobe was
exposed to 108 cfu/mL of pneumococcus, while the right cardiac lobe was used as the PBS-control
lobe.
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Figure 2 Total neutrophils present in BAL of aged dogs (A) and young (B) dogs. See Figure I
legend for explanation of lobes exposed.

12 - 12 -

10 10 

ID

X - 8
U)
LU

-0 6 - 6r
a.

4 - 4

0

2 - 2

01 0
Control Lobe Exposed Lobe Control Lobe Exposed Lobe

Young Dogs Aged Dogs

Figure 3 Peak number of lymphocytes in control and exposed lobes of aged and young dogs. The
total lymphocytes were significantly higher in the exposed lobe of the young dogs as compared to
the exposed lobe of the oldest dogs (p < 0.05) . See Figure I legend for explanation of lobes
exposed.

Thoracic radiographs revealed the presence of an infi Itrate in the exposed lobe of al 1 five

dogs at days and 3 after instillation. One young dog had a slightly increased white blood cell

count on day I but appeared normal None of the exposed animals showed any clinical signs of

illness throughout the study.
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Figure 4 Anti-pneumococcal antibody titer of BAL in the aged (A) and young (B) dogs. See
Figure I legend for explanation of lobes exposed.

DISCUSSION

A previous study used mature and senescent mice to study the effect of age on the clearance of

bacteria from the lungs.5 In that study, aged mice did not clear bacterial challenges as well as

their young counterparts. Similar studies using dogs have not been reported.

Our data show that the pulmonary defenses that eliminated the pneumococcus organism in both

the young and aged dogs were similar. An intense inflammatory response was observed, as

anticipated, in the young dogs. However, in the aged animals, the intense inflammatory response

that was present had not been expected.

In another study, four different age groups of dogs were exposed to the particulate antigen,

sheep red blood cells (SRBC).6 The groups used were 25, 79, 10-12, and 14-16 yr of age. The

inflammatory response in the three older groups of animals was small, as compared to the response

in 25 yr old dogs. Neutrophil migration has also been found to be impaired in elderly humans,7

but this did not appear to be the case with the aged dogs exposed to pneumococcus. Also, in the

study of dogs exposed to SRIBC, the immune response in the oldest dogs was not as high as that of

the youngest dogs, but was higher than the response of the two middle-aged groups. The authors

suggested that these animals might represent a select population of aged animals, because they had

survived well beyond the median life span.

Previous studies have shown that anti-pneumococcal antibodies exist in normal, 'unexposed' dog

sera, at significantly high levels (unpublished observations). This finding was confirmed by our

study, with the IgG and IgM levels in sera at day (before exposure) equal to those seen through

day 13 after exposure. However, IgA antibody titers, normally seen to be quite low in sera, were

greatly elevated in one of the aged animals with peak concentrations at day 1. The significance

of this finding is not known.

In summary, all of the exposed dogs were found to have a similar inflammatory response to

instilled pneumococcus, regardless of age. However, the aged dogs had significantly fewer

lymphocytes and a much smaller anti-pneumococcus IgG antibody response in the lavage fluid of the

exposed lobe than did the younger dogs.
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