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Otitis media developed in 67% of chinchillas inoculated intranasally with type
7 Streptococcus pneumoniae and influenza A virus. Only 4% of chinchillas
inoculated with influenza alone and 21% of chinchillas inoculated with S. pneu-
moniae alone developed otitis media. Among the chinchillas that developed otitis
media after inoculation with both pneumococcus and influenza, 73% of the
affected ears contained effusion, and 27% of the affected ears showed tympanic
membrane inflammation without middle ear effusion obtained on paracentesis.
Although a majority of the ears with effusion yielded S. pneumoniae on culture,
one-third of the effusions were sterile for aerobic bacteria. This model resembles
conditions accompanying otitis media in humans and suggests that respiratory
viral infection contributes significantly to the pathogenesis of acute otitis media.

Several experimental models of otitis media
have been developed in an effort to better un-
derstand the pathogenesis of this disease which
affects a majority of children worldwide. Com-
promised middle ear ventilation, potentially
pathogenic microorganisms in the upper respi-
ratory tract, and local and systemic humoral and
cellular immune mechanisms contribute to the
pathogenesis of middle ear inflammation (7).
Streptococcus pneumoniae is the microbe most
frequently (40 to 50% of cases) recovered by
aspiration of middle ear effusion (7). Epidemio-
logical studies strongly suggest an association
between respiratory virus infection and otitis
media (12, 16). Nearly 25% of patients with acute
otitis media harbor virus in their upper respira-
tory tract, and antibody seroconversion against
these viruses has been shown in 30% of patients
(16). Although influenza A and respiratory syn-
cytial viruses have occasionally been recovered
from middle ear effusions, middle ear effusions
usually do not contain virus (1, 2, 10, 23).
An experimental model of otitis media due to

S. pneumoniae has been developed by using
chinchillas, and this model was utilized to study
the interaction of influenza A virus with S. pneu-
moniae in the pathogenesis of experimental oti-
tis media (6, 8). Both microbes were inoculated
intranasally, and results were compared with
inoculation of influenza alone, S. pneumoniae
alone, and S. pneumoniae followed by experi-
mental eustachian tube obstruction. We have
previously reported that eustachian tube ob-
struction of animals whose nasopharynxes were
colonized with S. pneumoniae increased the in-

cidence of otitis media from 13 to 62% (5). We
hypothesized that influenza A infection might
also compromise middle ear ventilation and in-
crease the incidence of otitis media in chinchillas
colonized with S. pneumoniae.

(Presented at the 19th Interscience Confer-
ence on Antimicrobial Agents and Chemother-
apy, Boston, October 1979.)

MATERIALS AND METHODS
A human influenza A/NWS/33 virus isolate was

obtained from the American Type Culture Collection
(ATCC VR-219). The virus was passaged three times
in primary rhesus monkey kidney cells (Flow Labora-
tories, Rockville, Md.) followed by 14 passages in
chinchillas accomplished by serial intranasal inocula-
tion of infected nasal turbunate material. One final
rhesus monkey kidney cell passage was made from the
fourteenth chinchilla passage to obtain a large volume
of standardized viral suspension, which was stored in
working samples at -70°C. Each sample had a he-
magglutinin titer of 1:128, and each had a titer of 102
per 0.1 ml in tissue culture as measured by cytopathic
effect.

Eight-nine healthy, young adult chinchillas 1 to 2
years old were selected and randomly allocated to four
study groups: 36 chinchillas were inoculated intrana-
sally with 105 colony-forming units of encapsulated,
recently mouse-passed type 7F S. pneumoniae (type
51 by American nomenclature) followed 2 days later
by intranasal inoculation of influenza A virus; 25 chin-
chillas were inoculated intranasally with influenza vi-
rus alone; 19 chinchillas were inoculated intranasally
with 105 colony-forming units of type 7F S. pneumo-
niae alone; and 9 chinchillas were inoculated intrana-
sally with an equal volume of sterile saline. Chinchillas
were anesthetized with 15 mg of ketamine hydrochlo-
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ride given intramuscularly, and 0.5 ml of the pneu-
mococcus and/or influenza suspension was inoculated
intranasally by passive inhalation.

Caging space limited the number of animals in each
experiment; therefore, four dual pneumococcus-influ-
enza inoculation groups, three influenza-only groups,
two pneumococcus-only groups, and two saline inoc-
ulation groups were studied. Data within groups were
pooled since results among the experiments were sim-
ilar. Two experiments were composed of animals in-
oculated with both pneumococcus and influenza and
were controlled by simultaneous study of animals in-
oculated with influenza only and pneumococcus only.

Nasopharyngeal secretions were obtained at 2- to 3-
day intervals for culture from anesthetized chinchillas
by irrigating the nasopharynx with 0.5 ml of sterile
saline. Secretions flowing out ofthe contralateral nares
were collected; 0.1 ml was inoculated directly on 5%
sheep blood agar containing 3 jig of gentamicin per ml,
and 0.2 to 0.4 ml was inoculated into 0.5 ml of viral
transport medium (5 mg of gelatin, 50 U of penicillin,
50 ug of gentamicin, and 2.5 ,ug of amphotericin B per
ml and 25 mM N-2-hydroxyethylpiperazine-N'-2-eth-
anesulfonic acid buffer in Hanks' balanced salt solu-
tion, pH 7.5) for virus isolation attempts on primary
cynomologous monkey kidney cells. Middle ear aspi-
ration of suspected effusion was performed by perfo-
rating the tympanic membrane with a sterile capillary
tube (0.7-mm diameter). The effusion rose within the
tubing by capillary action and was inoculated on sheep
blood agar and into viral transport medium for bac-
terial and viral culture, respectively. Blood obtained
aseptically by cardiac puncture was cultured on sheep
blood agar, and serum was stored at -70°C.

Antibody to the capsular polysaccharide of type 7F
S. pneumoniae was measured by radioimmunoassay
(20). Concentration of antibody was expressed as nan-
ograms of pneumococcal antibody nitrogen per milli-
liter of serum. Antibody to influenza A virus was
measured by complement fixation with a modified
Kolmer test employing 2 U of influenza antigen (17).
A fourfold increase in titer between the preinoculation
and 3-week-post-inoculation sera tested simultane-
ously was interpreted as a significant antibody re-
sponse.

RESULTS
Nasopharyngeal secretions obtained from 55

chinchillas 2 to 4 days after inoculation with S.
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pneumoniae cultured pneumococci of the same
serotype in 93% of the animals. Pneumococci
were not recovered from the nasopharyngeal
secretions of animals inoculated with influenza
alone or with saline. Nasopharyngeal secretions
obtained from 61 chinchillas 2 to 3 days after
inoculation with influenza A virus yielded influ-
enza in 72% of the animals. Eighty-four percent
of chinchillas inoculated with pneumococcus
and influenza and 60% of chinchillas inoculated
with influenza alone showed at least a fourfold
rise in influenza antibody during the first 3 weeks
post-inoculation. Nasal secretions were obtained
serially from nine chinchillas inoculated with
influenza. All nine shed virus through day 7
post-inoculation, five yielded virus on day 9 post-
inoculation, and virus could not be isolated from
any of the animals after day 11.

All chinchillas were examined every 2 to 3
days for signs of otitis media, which was defined
as the presence of an opaque, hyperemic tym-
panic membrane often with middle ear effusion
visible as a fluid meniscus or bubbles. Middle
ear paracentesis was performed whenever otitis
media was diagnosed by otoscopy. Of the chin-
chillas inoculated with both pneumococci and
influenza virus, 24 (67%) developed otitis media,
whereas only 1 animal (4%) inoculated with in-
fluenza alone and 4 animals (21%) inoculated
with pneumococci alone developed otitis media
(Table 1). Otitis media was observed in none of
the saline control chinchillas. Nearly all chin-
chillas diagnosed as having otitis media by oto-
scopic examination yielded *iddle ear effusion
on aspiration.
Of the chinchillas inoculated with pneumo-

cocci and influenza virus, 36% developed bilat-
eral otitis media, and 31% developed unilateral
otitis media. Middle ear effusion from these
chinchillas yielded S. pneumoniae in 31% of
animals, Streptococcus aureus in 3%, and Pseu-
domonas species in 3%; 19% of the chinchillas
had sterile middle ear effusion, and 11% showed
tympanic membrane inflammation without an
effusion obtained on aspiration. Only one chin-

TABLE 1. Otitis media after intranasal inoculation of S. pneumoniae and influenza A virus
% of animals with otitis media:

No. ofchin-WihefsoIntranasal inoculum chillas inocu- With effusionWithout
lated Pneumo- Other bac- effusion

cocci teria Strl

Pneumococcus plus influenza 36 31 6a 19 11
Influenza alone 25 0 0 4b 0
Pneumococcus alone 19 21 0 0 0
Saline 9 0 0 0 0

a One effusion cultured S. aureus; the other cultured Pseudomonas sp.
b This effusion cultured influenza A virus.
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EXPERIMENTAL OTITIS MEDIA 447

chilla inoculated with influenza alone developed
otitis media, and influenza A virus was cultured
from middle ear effusion. All four of the chin-
chillas inoculated with pneumococcus alone that
developed otitis media had effusions which cul-
tured S. pneumoniae.
The chronology and cumulative percentage of

ears developing otitis media is illustrated in Fig.
1 and 2. Among the 19 chinchillas inoculated
with pneumococcus alone, otitis media with ef-
fusion developed between days 7 and 10 after
inoculation in 5 (13%) of the 38 ears (Fig. 1).
Among the chinchillas inoculated with pneu-
mococci and influenza virus, otitis media with
effusion first appeared on day 7 after pneumo-
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coccus inoculation (Fig. 2). Although the effu-
sions were initially sterile, 19% of the ears later
developed effusion which cultured S. pneumo-
niae. During the 21-day observation period, 27
of 72 ears (38%) had otitis media with effusion,
and 10 of 72 ears (14%) had otitis media without
effusion. Among the ears with effusion, 16 (59%)
cultured S. pneumoniae, 1 (4%) cultured S. au-
reus, 1 (4%) cultured Pseudomonas, and 9 (33%)
were sterile. None of 14 middle ear effusions
obtained from chinchillas inoculated with pneu-
mococci and influenza virus cultured virus, and
six of these effusions were also sterile when
cultured for bacteria.
The overall mortality among chinchillas in-
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Days after Pneumococcal Inoculation

FIG. 1. Cumulative percentage of38 ears (19 chinchillas) developing otitis media with effusion (OME) after
intranasal inoculation of type 7F S. pneumoniae. All ears with effusion yielded pneumococci on culture.

H

RJ rInfluenza
Inoculation

0 2 4 6 8 10 12 14 16 18
Days after Pneumococcal Inoculation

FIG. 2. Cumulative percentage of 72 ears (36 chinchillas) developing otitis media with effusion (OME) and
without effusion after intranasal inoculation of type 7F S. pneumoniae and influenza A virus. Symbols: (0)
animals with pneumococcal OME; (A) animals with pneumococcal and other culture-positive OME (other
bacteria included S. aureus [1 earl and Pseudomonas species [1 earl); (0) animals with culture-positive as

well as sterile OME; (0) animals with all types ofOME and otitis media without effusion.
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448 GIEBINK ET AL.

oculated with pneumococci and influenza was
17%. Mortality was 12% for influenza-inoculated
chinchillas and 5% for pneumococcus-inoculated
chinchillas. None of the saline-inoculated ani-
mals died. Lung cultures from three of four dual-
inoculated chinchillas that died yielded S. pneu-
moniae, although none of these four animals
had shown pneumococcal bacteremia premor-
tem. Seven chinchillas that survived the entire
3-week observation period had daily blood cul-
tures, and none showed bacteremia. Lung cul-
ture from one of these seven chinchillas, how-
ever, yielded S. pneumoniae on day 23 after
intranasal inoculation.

Influenza A and type-specific pneumococcal
anticapsular antibody concentrations in serum
were measured before and after intranasal in-
oculation. Pre- and post-inoculation paired sera
were available for antibody analysis from 19
dual-inoculated animals, 12 influenza-inoculated
animals, and 11 pneumococcus-inoculated ani-
mals. Although not all animals were bled, the
decision to bleed selected animals was made
randomly before inoculation. All chinchillas had
preinoculation influenza A antibody titers of less
than four. At 3 weeks after influenza inoculation
there was a considerable increase in the geomet-
ric mean titer of dual-inoculated and influenza-
inoculated chinchillas (Table 2). There were no
significant differences in post-inoculation geo-
metric mean titers between dual- and influenza
only-inoculated chinchillas or between chinchil-

TABLE 2. Serum influenza antibody concentrations
3 weeks after intranasal dual inoculation of

pneumococcus with influenza and of influenza alone
Devel- Influenza anti-

Intranasal inoculum oped oti- body titer post-
tis media animals inoculation'

Pneumococcus plus Yes 12 71.8 (28.2-183.1)
influenza No 7 64.0 (13.9-294.4)

Influenza No 12 50.8 (24.3-106.0)

a Influenza complement-fixing antibody titer is shown as
the geometric mean (95% confidence interval).

las within groups that did and did not develop
otitis media.

Type-specific pneumococcal antibody concen-

trations in serum also increased after intranasal
inoculation of S. pneumoniae. Pre-inoculation
serum antibody concentrations for dual- and
pneumococcus-inoculated chinchillas and for
subgroups of chinchillas that did and did not
develop otitis media were similar (Table 3).
There was a trend (P = 0.13) among chinchillas
that developed pneumococcal otitis media for
those that had been infected with both pneu-
mococcus and influenza to have post-inoculation
serum antibody concentrations lower than those
of chinchillas inoculated with pneumococcus
alone, although only nine animals were available
for comparison. Dual-inoculated chinchillas
with pneumococcal otitis media also had post-
inoculation antibody concentrations lower than
those of dual-inoculated or pneumococcus-inoc-
ulated chinchillas not developing otitis media.

DISCUSSION
It is widely recognized by clinicians that non-

specific upper respiratory infection is commonly
associated with otitis media. Specific respiratory
virus infections have been associated with otitis
media as well (1, 2, 12, 16, 23). For more careful
examination of these clinical observations, an
animal model previously used for studying pu-
rulent otitis media was adapted for investigating
the role of viral infection in the pathogenesis of
otitis media (5).

Chinchillas were successfully infected with in-
fluenza A virus, shed virus for at least 7 days
after inoculation, and showed a rise in serum
antibody against influenza. Influenza-infected
chinchillas showed few signs of illness, however,
and rarely developed otitis media with effusion.

Previous experiments have shown that pneu-
mococci persist in the upper respiratory tract of
chinchillas for at least 10 days after intranasal
inoculation (5). Since the frequency of S. pneu-

TABLE 3. Serum type 7Fpneumococcal anticapsular antibody concentration before and 3 weeks after
intranasal inoculation ofpneumococci with influenza and ofpneumococcus alone

Intranasal inoculum Middle ear No. of Serum antibody concentrationsfindings' animals Pre-inoculation Post-inoculation

Pneumococcus plus influenza POM 7 3.8 (1.2-11.9) 5.8 (2.0-17.1) ]]
Sterile MEE 4 3.9 (1.9-8.0) 9.8 (3.5-27.1) a
Normal 7 7.8 (2.2-27.5) 13.5 (6.6-27.6)- b

Pneumococcus alone POM 2 7.0 (3.4-14.2) 17.1 (15.4-19.0) c
Normal 9 6.6 (2.8-15.4) 12.1 (7.4-19.8)

C POM, Pneumococcal otitis media; MEE, middle ear effusion.
'Serum antibody concentration in nanograms of antibody nitrogen per milliliter of serum is shown as the

geometric mean (95% confidence interval). P values: a = 0.07, b = 0.13, c = 0.06 (Student's t test for unpaired
values, two tailed).
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EXPERIMENTAL OTITIS MEDIA 449

moniae colonization of the upper respiratory
tract in young children is 20 to 40%, it seemed
reasonable to assume that respiratory viral in-
fection in humans might often be superimposed
on pneumococcal carriage. When chinchillas
whose nasopharynxes had recently been inocu-
lated with S. pneumoniae were inoculated with
influenza, there was a 17-fold increase in the
incidence of otitis media compared with chin-
chillas inoculated with influenza alone, and a 3-
fold increase compared with chinchillas inocu-
lated with S. pneumoniae alone.

Influenza virus infection in humans is accom-
panied by cytological changes in ciliated co-
lumnar epithelial cells, and influenza virus infec-
tion in mice leads to necrosis of bronchial and
bronchiolar epithelium with cellular lesions in
the alveoli (21). It is commonly held that viral
lesions of the respiratory epithelium impair
transport. of bacteria via the mucociliary appa-
ratus and facilitate direct invasion of bacteria
into lung tissue (15). Antecedent or concomitant
sublethal infection of experimental animals with
influenza, as well as with other respiratory vi-
ruses, reduces the ability of the lung to resist a
subsequent challenge of S. -pneumoniae (4, 11,
19) and several other bacterial pathogens (14,
18, 22). Other researchers have observed a delay
in ciliary injury and abnormalities of host de-
fense after influenza inoculation in rodents. In
mice, the suppression ofpulmonary antibacterial
defenses is. maximal at 4 to 7 days after viral
inoculation (3, 9, 13). Since pneumococci and
influenza virus persisted simultaneously in the
upper respiratory tracts ofchinchillas for at least
7 days, experiments were not performed to ex-
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amine different time intervals. The persistent
nasal infection with both organisms obviated the
necessity of preceding bacterial with viral inoc-
ulation, which has been shown by others to
produce an optimum combined effect in other
animal species (4, 9, 11).
The incidence of otitis media has also been

increased by applying negative pressure (defla-
tion) to the middle ears of chinchillas inoculated
intranasally with S. pneumoniae alone (5). Al-
though the overall incidence of otitis media was
nearly the same after dual pneumococcus-influ-
enza inoculation and pneumococcus inoculation
with middle ear deflation, otitis media after ef-
fusion developed more rapidly after middle ear
deflatiQn, and virtually all effusions in ears sub-
jected to deflation cultured S. pneumoniae (Fig.
3). In contrast, the onset of otitis media was
delayed for 8 to 12 days after dual pneumococ-
cus-influenza inoculation, and one-third of the
ears with effusion were sterile.

If the role of influenza infection of the naso-
pharynx is to cause local inflammation and eu-
stachian tube obstruction, this might explain the
absence of influenza virus in middle ear effusion.
However, most effusions were cultured for virus
relatively late in the course of infection after the
rise in serum antibody and after the disappear-
ance of virus from the nose. Thus, virus may
have infected the middle ear earlier, causing
inflammation and effusion, but may have been
cleared from the ear before effusion sampling.
Inhibitory substances in effusion may also have
prevented the isolation of virus.

It is not known whether the increased inci-
dence of otitis media in dual-inoculated chin-

40 F-

30k

20k

JO Negative
Middle Ear
Pressure

0 2 4 6 8 10 12
Days after Pneumococcal Inoculation

FIG. 3. Cumulativepercentage of84 ears (42 chinchillas) developing otitis media with effusion (OME) after
intranasal inoculation of type 7F S. pneumoniae and middle ear deflation (30 mmHg negative middle ear
pressure). Symbols: (0) animals with pneumococcal OME; (0) animals with pneumococcal and sterile OME.
This figure is adapted from data publishedpreviously (reference 5).
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450 GIEBINK ET AL.

chillas was due to impaired local or systemic
host defenses. Since the incidence of otitis media
was increased after middle ear deflation and
dual infection, a common mechanism of patho-
genesis, such as compromised middle ear venti-
lation, might have been the predisposing factor
in both experimental models. However, other
experiments in chinchillas have shown the im-
portance of type-specific capsular antibody in
effusion and serum in clearing middle ear infec-
tion with pneumococci (5, 8). It is possible that
influenza infection suppresses the pneumococcal
antibody response among chinchillas that de-
velop pneumococcal otitis media, but additional
experiments are required to answer this ques-
tion.
This model more closely approximates condi-

tions accompanying otitis media in humans than
previous attempts in animals with direct middle
ear inoculation of pathogens or surgical obstruc-
tion of the eustachian tube. Experimental ma-
nipulation in this model is minimal, yet otitis
media develops in a high percentage of chinchil-
las, suggesting that this model will be valuable
for studying the histopathological, biochemical,
and immunological spectra as well as the path-
ogenesis of otitis media.
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