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Introduction

High incidences of recurrent upper respiratory infections, middle ear

infections and mild to severe hearing loss have been reported among

children with palatal clefts (10, 11, 18, 22).

In our cleft palate speech and dental rehabilitation clinics, we have

observed many children with palatal clefts who continue to exhibit signs

of chronic upper respiratory infections and recurrent middle ear infections

despite previous surgical closure of their palatal clefts. While anatomical

deficiencies of the Eustachian tubes and nasal passages that impair ade-

quate drainage are strongly implicated in these conditions, little detailed

evidence is available to define the varieties of bacteria in the oropharyn-

geal and nasal passages of these individuals that may be involved in or

contribute to these conditions (18).

Before surgical closure of palatal clefts, the nasal passages are open to

extensive contamination by heavy populations of aerobic and anaerobic

bacteria in the saliva. Preliminary bacteriologic examination of five pa-

tients with unrepaired palatal clefts revealed bacteria in the exposed nasal

passages in four that closely resembled the aerobic flora of the oral cavity.

We wished to learn whether palatal closure establishes separation of the

oral flora from the nasal passages comparable to that seen in individuals

without palatal defects. If separation is not achieved, to what extent is the

nose parasitized by pathogenic oral yeasts and anaerobic microbial species

that can produce disease in oral and systemic tissues (4)? We also wished

to determine whether pathogenic bacteria for the upper respiratory pas-

sages and the middle ear were unusually prevalent in the oropharynx and

nasal passages of patients with repaired clefts.

A culture medium developed for this study has proven effective to
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survey Haemophilus species pathogenic for the upper respiratory passages

(8). This medium may be of value in epidemiologic studies and in assess-

ing any efforts to control these organisms among cleft palate patients or

other individuals with a high risk of infection.

Materials and Methods

SuBJECcTs. Subjects studied consisted of two groups (I, II) of patients

with repaired palatal clefts and a group (III) of control subjects.

Groups numbered I and II respectively consisted of 46 and 36 patients

with surgically closed palatal clefts, ranging from 7 to 21 years of age.

These were patients in temporary residence at Story Book Farm in Chapel

Hill, N. C., receiving therapy in the University of North Carolina Cleft

Palate and Speech Rehabilitation Program. Upper respiratory bacterial

flora was monitored on a bi-weekly basis to aid early detection of patho-

gens among the resident patients.

Patients in Group I were surveyed in a pilot study to gain a working

definition of their flora and to define suitable clinical and laboratory

methodology and direction. More than half of the patients in Group I

exhibited signs of chronic and repeated nasal irritation as well as frequent

ear infections. Detailed clinical evaluations were not obtained for this

group.

Patients in Group II were studied in greater detail. Twenty of these 86

patients had frequent or chronic ear infections or significant measurable

hearing loss. The two conditions occurred together in 13 of the 20 patients.

Among the remaining 7, two had frequent respiratory infections without

ear infections, and records were not complete for five. Twenty-one of the

36 patients exhibited abnormal swelling of the nasal tissues, thick or

purulent exudates and crusting in the nasal passages suggesting chronic

low grade nasal infections.

Control subjects comprising Group III were 26 individuals without

clefts of the palate or lip from the surrounding population, without respir-

atory illness ranging from 9 years of age to mature adults. Most were

children from the public schools of Roanoke Rapids, N. C. For compari-

son, Groups II and III were examined by the same methods. Approxi-

mately 72% of individuals in these two groups were between seven and

thirteen years of age, and had similar socio-economic backgrounds.

Sampling and Culturing Procedures. Samples were collected with swabs

from three areas: (a) the oropharynx; (b) the floor of the anterior naso-

pharynx; and (c) the nasal vestibule and transported in broth (0, 8).

Nasopharyngeal samples were collected via the nares with flexible wire

swabs wrapped with alginate wool. (Consolidated Laboratories, Chicago

Heights, Illinois.) Nasopharyngeal samples were collected in Groups II

and III via an aural funnel inserted into the nares beyond the vibrissae to

avoid staphylococcal contamination from the anterior nares.

Use of many selective culture media is not routine, but was found

essential to the detection of all species sought: Mitis-Salwarius Agar
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(Difco) ; selective agar for pathogenic Neisseria species (Difco) ; Veillo-

nella agar (Difco) and selective agar for Haemophilus species (8).

Other varieties of bacteria and Candida yeasts were cultivated on two

additional sheep blood agar plates under aerobic and anaerobic incuba-

tion.

Identification of Microorganisms. Each specimen was surveyed for 20 or

more varieties of microorganisms. Aerobes were classified according to

standard hospital laboratory procedures (2). Colony morphology was de-

termined with a dissecting microscope. Gram positive non-chain forming

cocei, other than Staphylococcus aureus, were designated as "micrococei".

Streptococci common to the mouth such as S. mitis and S. salvarius were

recorded as "non-pathogenic streptococci". H. influenzae and Neisseria

meningititidis were not investigated in the nasal vestibule. Anaerobic

Neisseria and Veillonella species were listed together. Other angerobes

were identified by standard characteristics and by production of catalase.

(4, 21). Procedures to further characterize pathogenic species by serologic

means were not utilized at this time.

Results

Table 1 lists a summary of bacteria cultivated from 62 samples that

were collected from an initial survey of the respiratory passages of the 46

patients with repaired clefts in Group I.

Detailed results of the flora of 36 patients with repaired clefts (Group

II) and 25 control subjects (Group III) are tabulated in Tables 2-7.

Organisms most common to the nasal passages (i.e., S. aureus, micro-

cocci, and diphtheroids) were detected more frequently in the nasophar-

ynx of the controls than the patients (Table 2, 3). Enteric and related

gram negative rods (1.e., Aerobacter-Klebstella species, E. colt and Pseu-

domonas species) of importance in middle ear infections were a little more

TABLE 1. Group I. Varieties of microorganisms detected in respiratory passages of
46 patients with repaired clefts
 

 

 

 

Area Sampled
Microorganisms

Oropharynx Nasopharynx |Nasal Vestibule

Staphylococcus species. ............... 32% 52% 58%
222222 ls 6% 15% 13%

D. pneumoniae.... .............l ...l 13% 18%, 11%,
Haemophilus species. .. 24%, 16% -

Neisseria species .... .............. .. 47% 22% 13%
Streptococcus species (non-path.)...... 98% 41% 39%
Veillonella-Neisseria species . ... ..... 18%, 0% 3%
Enteric Rods........222.22222 2222 l l s 6% 5% 5%
Bacteroides species ... .. ............. 2% 2% 2%

Number of Specimens.... ........... 62 62 62
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TABLE 2. Group II. Varieties of microorganisms detected in respiratory passages

of 36 patients with repaired clefts
 

 

 

 

 

Area Sampled

Microorganisms

Oropharynx Nasopharynx Nasal Vestable

Staphylococcus aureus ................ 10% 35% 59%
...... ...ll lla lls 19% 206% 46%

2.02 __ lll ls 21% 25% 43%

Streptococcus ... 0% 0% 0%
Aerobacter-Klebstella species. ....... .. 4% p 3%
B. COUP l s s s sl l l s a a a a aaa ae e e s 3% A 2%

Pseudomonas species . ................ 2% 0% 0%
Candida species.... .............. ... 3% 3% 3%

Number of Specimens.... 68 72 61
  
 

TABLE 3. Group III. Varieties of microorganisms detected in respiratory passages

of 25 persons without clefts
 

 

 

 

Area Sampled

Microorganisms

Oropharynx Nasopharynx Nasal Vestible

Staphylococcus aureus ................ 20% 4T 61%
MicrO@OG@CL. .l _ lal l e e s 20% 385%, 52%

222 ll s 34% 50% 42%,

Streptococcus pyogemes................ 3 0% 0%
Aerobacter-Klebsiella species. 0% 3% 0%
B. CO. . s s l l l u l a ee e e ees 0% 3% 0%

Pseudomonas species . ................ 0% 0% 0%

Candida species.... ..... s 0% 3% 0%

Number of Specimens.... 35 34 3l
   
 

frequently detected as a whole in the patients than in controls (Table 2,

3).

Common oral Streptococcus and Neisseria species were more frequently

detected in the nasopharynx of patients than of controls (Table 4, 5).

Anaerobic species associated with oral and gingival diseases were de-

tected generally infrequently in the nasopharynx of both groups (Table 6,

7). These were also detected to a lesser extent in the oropharynx of the

patients than of the controls.

Respiratory pathogens, Diploccus pneumoniae and Haemophilus spe-

cies, showed a high incidence in both patients and controls, all being

slightly more frequent in the patients (Table 4, 5). When the presence of

either D. pneumoniae or Haemophilus species or both was considered, 45%
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TABLE 4. Group II. Varieties of microorganisms detected in respiratory passages
of 36 patients with repaired clefts
 

 

 

 

 

Area Sampled
Microorganisms

Oropharynx Nasopharynx Nasal Vestible

D. pneumoniae. ... lll. .. 25% 22% 11%,
Haemophilus species (path.) 40% 19% 150%,
Nersseria meningitidis. ............... 7% 1% -
Haemophilus species (hemolytic) ...... 18%, 4%, 2%

Nersseria species (non-path.) ... . . 82%, 46%, 43%,

Streptococcus species (non-path.) ...... 98%, 49%, 36%

Number of Specimens . .. 68 72 61
  
 

TABLE 5. Group III. Varieties of microorganisms detected in respiratory passages
of 25 persons without clefts
 

 

 

 

Area Sampled
Microorganisms

Oropharynx Nasopharynx Nasal Vestibule

D. pneumoniae . . . .ll. ll.. 23% 21% 13%

Haemophilus species (path.) .......... 3T% 12%, 10%

Nersseria 14%, A 0%
Haemophilus species (hemolytic) ...... 17% 0% 0%
Nersseria species (non-path.) .. ...... 86% 38% 39%,
Streptococcus species ...... 100% 35% 32%

Number of Specimens .... ...... 35 34 31
   
 

TABLE 6. Group II. Varieties of microorganisms detected in respiratory passages
of 36 patients with repaired clefts
 

 

 

 

 

Area Sampled
Anaerobic Microorganisms

Oropharynx Nasopharynx Nasal Vestibule

Veillonella-Neisseria species . . . .. 21% 6% 15%
Fusobacterium species ..... 12%, 3% 2%
Actinomyces-Bacterionema species.... . 6% 1% 1%

Leptotrichia buccalis.................. 2% i 2%
Bacteroides species . . . 3% 4%, 3%

Number of Specimens ..... 68 . 72 61
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TABLE 7. Group III. Varieties of microorganisms detected in respiratory passages

of 25 persons without palatal clefts
 

 

 

 

Area Sampled

Anaerobic Microorganisms

Oropharynx Nasopharynx Nasal Vestibule

Verllonella-Neisseria species . .. ...... 43%, 9% 6%
Fusobacterium species ..... .......... 49%, 6% 0%
Actinomyces-Bacterionema species.. ... 3% 0% 0%

Leptotrichiaq buccalis.................. 14% 3 0%
Bacteroides species ..... ............. 3% 3% 3%

Number of Specimens .... ........... 35 34 31
    

of nasopharyngeal specimens from the patients were positive, as compared

with 33% from controls.

H. influenzae was detected approximately four times more frequently

than H. parainfluenzae in both groups.

The more virulent H. influenzae comprised 78% of Haemophilus spe-

cies detected in the oropharynx of patients and 54% of Haemophilus

species in the control subjects. These differences were not significant for

the population sizes examined. They do indicate a trend that has been

significantly borne out in subsequent studies.

Streptococcus pyogenes was of particular concern because of its ability

to initiate acute pharyngitis, to become involved in otitis, and to produce

rheumatic fever. This organism was not detected in a carrier state or in

association with acute or chronic respiratory diseases among the patients

in Group I or II (Table 2). In similar groups totaling about 100 patients

surveyed subsequent to Groups I, II, and III, 8. pyogenes was detected in

six instances over a two-year period. These instances coincided with out-

breaks of streptococcal pharyngitis in the community. Treatment of these

patients controlled spread of the infections in the groups.

Passing the flexible nasopharyngeal swabs through a sterile speculum

inserted into the nasal vestibule to avoid bacteria in the nasal vestibule

produced some, but not a statistically significant, effect in reducing the

incidence of 8. aureus detected in the nasopharyngeal specimens in Groups

II and III as compared with Group I (Tables 1, 2, 3). The difference may

have been significant on a quantitative basis, but that was not deter-

mined.

The extent of parasitization of the nasopharynx by one or more species

was also considered. Only three of the nasopharyngeal specimens from the

Group II patients and none of the specimens from Group IIL control

subjects were actually sterile. Single bacterial strains were detected in six

samples from the Group II patients consisting of one nonpathogenic Nets-

seria strain and five strains of S. aureus. Only four specimens from the

control group yielded single bacterial strains. These were S. aureus, News-

seria, Streptococcus mitis, and diphtheroid bacteria.
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Infectious yeasts, i.e. Candida albicans, were not commonly detected in

any of the groups (Tables 1, 2, 3).

Because Candida is frequently active in oral infections associated with
wearing of dentures, five patients in Group II who wore speech appliances

were examined a total of 26 times over a two-year period. On only one

occasion, a 17-year-old female patient complained of irritation from her

appliance. Examination revealed pruritis and erythema under the appli-

ance from which a heavy growth of an infectious yeast, Candida albicans,

was obtained.

Judged purely by clinical signs, acute upper respiratory viral infections

appeared to occur no more frequently among the patients with repaired

clefts than among children in the surrounding community and did not

appear to account for the persistent nature of the chronic upper respira-

tory and middle ear conditions observed among the patients. However,

viral infections appeared to contribute to the recurrence or increased

severity of these conditions.

Discussion

Few published investigations have involved comprehensive efforts to

survey the distribution of the bacterial flora throughout the oral and

upper respiratory passages. The data presented provide a working defini-

tion of the detectable bacterial flora at a level of characterization feasible

in a broad survey.

The results are of basic and clinical interest with particular regard to

the persistent upper respiratory problems in the cleft palate patients stud-

ied.

One basic concern centered about whether the disturbed palatal anat-

omy and surgical intervention might have predisposed to growth of bac-

teria or fungi ordinarily considered foreign to the respiratory passages of

individuals without palatal clefts. No such unusual microorganisms were

detected by the anaerobic and aerobic culture methods employed. Those

detected were in general agreement with the microflora of subjects without

palatal defects (7,12, 18, 14, 15, 16, 28, 25).

Another previously unexplored aspect was the possible effect of the

disturbed oro-nasal anatomy on the distribution of the flora in the same

passages. Of particular concern was whether the nasal passages and mid-

dle ear might have become parasitized by microaerophilic and angerobic

oral bacteria in the saliva, which organisms are capable of producing

considerable local tissue response when displaced into pulmonary or sys-

temic tissues, as seen in bronchiectasis or actinomycosis. Such bacteria

produce considerable disease in the oral tissues that surround and support

the teeth when allowed to accumulate uncontrolled in the gingival crevices

(4). Only one anaerobic species has been frequently detected in human

nasal passages (a diphtheroid) (25).

It appears that most oral anaerobes do not tend to survive long in the

normal nasal passages as a result of possible accidental displacement
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(Table 7). Results obtained from the patients (Table 6) suggest a lack of

frequent regurgitation of saliva and oral bacteria into their nasal pas-

sages. Rare or infrequent displacement of contamination would not neces-

sarily be ruled out. Some of the patients retained velopharyngeal insuffi-

ciencies for speech, but these could not be related specifically to any

unusual distribution of anaerobic oral microflora.

Faulty function of the Eustachian tube could provide a suitable cavity

in which to harbor oral anaerobes that may at one time or another find

their way into nasal passages, e.g., from sneezing or when lying asleep.

Little is still known about the actual involvement of anaerobic species in

infections of the nasal sinuses and the middle ear in man. This was not

specifically investigated in the present study.

Streptococcus pyogenes was of some clinical concern because of its

tendency to initiate acute pharyngitis and rheumatic fever in children

over three in the absence of other potentiating conditions (2). Carriers of

S. pyogenes have been reported in other studies to range from 0.1 to 8%

(17, 21). It was encouraging to learn that the patient groups examined

showed no tendency toward an unusual carrier rate of this species. When

this particular pathogen was detected in patients groups, it was associated

with acute pharyngitis that coincided with outbreaks in the community at

large.

Haemophilus species and Diplococcus pneumoniae were of concern be-

cause they are commonly involved as pathogens in mild to severe respira-

tory and middle ear infections. H. influenzae and D. pneumoniae are often

recovered from mastoiditis, bronchitis, pneumonia or meningitis among

children and adults (1, 5, 9). Involvement of H. influenzae in chronic

obstructive bronchial disease has been recently stressed (1).

It is of interest that both patients and controls exhibited a rather high

incidence of Haemophilus and D. pneumoniae bacteria. They parasitized

controls without apparent signs of infection, while in the patient group

they were associated with a high incidence of nasopharyngeal irritation.

In fact, these same organisms were repeatedly detected in the patients

over periods of weeks or months in some instances. This supports the

concept that the cleft palate patient suffers from parasitization of his

nasal passages with respiratory pathogens, with which he cannot ade-

quately cope because of his altered upper respiratory anatomy and phys-

i0logy.

Further studies (unpublished) have shown significant increases in num-

bers of respiratory bacteria and pathogens in the upper respiratory pas-

sages of the patients with signs of persistent upper respiratory irritation.

Speech appeared to improve in one patient with a marked velopharyn-

geal insufficiency when her nasal passages became occluded by an upper

respiratory infection with D. preumoniae. This suggested that sudden

spontaneous speech improvement in such patients be considered as a pos-

sible sign of respiratory infection rather than just an indication of more

effective effort on the part of the patient or of the speech therapist.
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Whether Haemophilus and D. pneumoniae were involved in the middle

ear infections of patients in the present study can only be inferred from

detection of these pathogens in their upper respiratory passages. It is not

uncommon to find a specimen taken from the nasopharynx to be positive

while another taken by myringotomy is sterile. Support for the involve-

ment of these pathogens derives especially from clinical findings of Morti-

mer and Watterson that bacteria involved in middle ear infections are

also detectable as part of the flora in the patient's posterior nasal passages

(19). H. influenzae has also been reported from a middle ear infection in a

child with a palatal cleft (26). Similar pathogens are detected in infected

ears of children and adults without palatal clefts. These include H. influen-

zae, S. pyogenes, 8. aureus and D. pneumoniae. Studies for Mycoplasma

species and viruses were negative (12). Chronic mastoiditis in children with

normal palates involves the same organisms with the exception of S.
pyogenes, but includes Pseudomonas and other gram negative enteric bac-
teria and Candida yeasts (20). Chronic purulent sinusitis, a condition

described among 11-30 year old individuals without clefts, also involves

H. influenzae and D. pneumoniae as the main detectable pathogens (16).
The actual extent to which various deformities among the control sub-

jects and patients influenced nasal carriage of bacterial species was not

investigated in the present study.

A relatively high incidence (50%) of nasal deformities is observable

among subjects with normal palates while an even higher incidence of

more severe nasal deformities is observable among patients with palatal

clefts (24).

In persons without palatal clefts, upper respiratory infections with Hae-

mophilus species and D. pneumoniae are believed by some to be mainly

secondary to respiratory viral infections (5, 9). It is generally accepted

that any disturbance of normal self-cleansing mechanisms can predispose

to infections by local bacteria. This would apply to disturbances in devel-

opmental respiratory anatomy as readily as disturbances created by viral

infection. Periodic acute upper respiratory infections with sudden onset,

resembling viral infections appeared to aggravate the upper respiratory

conditions in the patients with repaired clefts. However, most exhibited

unusual difficulty in reestablishing control of their respiratory health.

Palatal surgery and physical growth of the patient can reduce the

incidence of middle ear infections (10, 18). The effects of both of these

factors apparently were not sufficient to produce normal physiology and to

eliminate the recurrent and persistent respiratory and middle ear infec-

tions in the groups of patients examined in this present study. Nor do

various available therapeutic measures alter patients' immunity (3).

While much worthwhile study is being directed towards prevention of

viral infections, reason for greater interest in the prevention of infections

caused by D. pneumoniae and H. influenzae and related bacterial patho-

gens among groups of persons with increased risk of infection has been

recently stressed (1). Renewed development of preventive measures to
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control D. pneumonmae that were abandoned with the advent of penicillin

has been made public by the United States Public Health Service. Some

measures developed for the present study (8) (as well as an unpublished

improved serologic test for typing strains of H. influenzae) may prove

useful in the development and evaluation of a Haemophilus vaccine. The

benefit of bacterial immunizations to help control or prevent the particu-

lar infections observed in the patients with repaired palatal clefts asso-

ciated with impaired upper respiratory clearance and ventilation of the

middle ear will remain to be evaluated.
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