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The microscopic examination of sputum from
patients with pneumonia has revealed that type III
infections are distinctly different from those due
to other pneumococci. The outcome of type III
pneumonia was correlated more closely with the
presence or absence of a fibrin-like reticulum in
Wright-stained smears of sputum than with the
number of organisms per oil immersion field (1,
2). The reticulation appeared to originate from
the capsules of the interdispersed pneumococci
and was subsequently identified as capsular poly-
saccharide. A quantitative relationship was dem-
onstrated between the degree of reticulation and
the amount of SSS in the sputum and lungs (3,
4). The reticulated type III sputums contained
an average of 1,360 mgm. per cent of SSS;
whereas, the non-reticulated specimens yielded an
average of only 45 mgm. per cent. The amount
of SSS in the sputums of the total group of type
IIT cases exceeded by 170 times the amount
recovered from types I, II, VII, and VIII cases.
Autopsy studies revealed that there was 60 times
more capsular polysaccharide in the lungs of type

1 Supported by a grant from the Commonwealth Fund
to the Michigan Department of Health Laboratories.

IIT cases than in those due to the above men-
tioned types. The following report is based upon
114 roentgenographically proved cases of type III
pneumonia which were studied by the method de-
scribed in the companion publication on page 207
of this journal. The results are analyzed ac-
cording to the presence or absence of reticulation
in the sputum,? as well as the number of pneu-
mococci per oil immersion field. These findings
are compared as to prognostic significance with
the time-honored criteria, such as bacteremia,
leukocyte count, age of the patient, and extent of
consolidation.

RESULTS

The total fatality rate of 33 per cent for type
III pneumonia was significantly higher than the
average of 13 per cent for all other types. When
the cases were grouped according to the number
of pneumococci in the sputum (Table I), it was
found that the fatality in group A (10 or less per
field) was 11 per cent for type III, as compared

2 Four patients who were non-reticulated on admission
to the hospital were finally classed in the reticulated group
as the disease progressed.

TABLE 1
The relation of reticulation to sputum counts
Non-reticulated Reticulated Total Other types
Sputum Cases Deaths Cases Deaths Cases Deaths Cases Deaths
group
Num- |Per cent| Num- | Per cent| Num- |Per cent| Num- | Per cent|{ Num- (Per cent| Num- | Per cent| Num- |Per cent| Per cent
of total | ber | fatality of total fatality | ber | of total fatality | ber | of total | fatality
A 48 67 2 4 5 12 4 80 53 46 6 11 320 47 2
B 21 29 2 10 18 43 15 83 39 34 17 44 210 31 9
C 3 4 1 33 14 33 10 72 17 15 11 65 101 15 30
D 0 0 0 5 12 4 80 5 5 4 80 47 7 71
Totals | 72 63 5 7 42 37 33 79 114 | 100 38 33 678 | 100 13
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TABLE II
The relation of therapy to reticulation

Non-reticulated Reticulated
Therapy Cases Deaths Cases Deaths
Num-|Num-|Per cent{Num-[Num-|Per cent
ber | ber |fatality | ber | ber |fatality
Supportive......... 911 6| 6
UM. . .oonennnn.. 6|0 6| 6
Sulfanilamide.. .. ... 410 20 2
Drug and serum* 2|10 1 1
Totals......... 21 | 1 5 15 | 15 | 100
Sulfapyridine. ...... 18| 2 5| 4
Sulfathiazole....:...{ 33 | 2 13 6
Sulfadiazine. ....... 0] 0 1 1
Drug and serum*....[ 0| O 8| 7
Totals 511 4 8 27| 18 67

_* The term drug and serum refers to serum plus sulfa-
nilamide in contrast to serum plus sulfapyridine, sulfa-
thiazole, or sulfadiazine. .

with the rate of 2 per cent for all other types.
The corresponding figures for group B (11 to 30
per field) were 44 per cent and 9 per cent; those
for group C (31 to 75) were 65 per cent and 30
per cent, respectively. A further classification of
these cases into those with and without reticulation
served to clarify this discrepancy. As shown in
Table I, the fatality rates in the non-reticulated
cases of 4 per cent for group A, 10 per cent for
group B, and 33 per cent for group C, were com-
parable with the averages for all other types.
The reticulated cases, however, showed a uni-
formly high fatality, approximating 80 per cent,
irrespective of the number of pneumococci in the
sputum. The independent effect of reticulation
on the outcome supports the concept that the
ability of the type III pneumococcus to produce
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capsular polysaccharide is highly significant in
prognosis. That the number of pneumococci in
the sputum also plays a role is shown by two ob-
servations: (a) the fatality rate in the non-reticu-
lated cases was proportional to the number of
pneumococci in the sputum, and (b) the incidence
of reticulation in the total group of type III cases
was 25 per cent when the sputum count was less
than 30, as compared with 86 per cent when it
exceeded 30 per field. Because reticulation was a
more accurate index of the severity of type III
pneumonia, it has replaced sputum counts in the
remaining tables as a basis for comparison with
other prognostic factors.

The analysis of the outcome in reference to
therapy is presented in Table II. The fatality
rate in the non-reticulated cases was as low with
serum, sulfanilamide, and even with supportive
treatment, as it was with modern chemothera-
peutic agents. The superiority of sulfapyridine
and sulfathiazole became evident in the reticulated
cases where the fatality was lowered from 100 to
67 per cent. This significant reduction in fatal-
ity does not entirely account for the well known
beneficial results with sulfapyridine and sulfathia-
zole in type III pneumonia. The effectiveness of
these drugs is also due to their ability to decrease
the number of pneumococci in the sputum of non-
reticulated cases, thereby preventing the formation
of excessive amounts of capsular polysaccharide as
the disease progresses. To date, not a single non-
reticulated case of type III pneumonia has be-
come reticulated while under treatment with sul-
fapyridine or sulfathiazole, whereas four such pa-
tients developed reticulation during the adminis-
tration of large doses of serum and subsequently
expired.

TABLE III
The relation of bacteremia to reticulation

Negative blood culture Positive blood culture Totals
Sputun{ group Cases Deaths Cases Deaths Cases Deaths
Num- | Percent | Num- | Percent | Num- | Per cent | Num- | Percent | Num- | Percent | Per cent
ber of total ber fatality ber of total ber fatality ber of total fatality
Non-reticulated. . .. .. 67 80 4 6 1 5 0 0 68 64 6
Reticulated.......... 17 20 11 65 21 95 18 86 38 36 76
Totals........... - 84 79 15 18 22 21 18 82 106 100 31
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The low bacteremic incidence of 21 per cent
associated with a high fatality rate of 82 per cent ' .
in bacteremic type III pneumonia is representative '

ths
Per cent
fatality
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of other reports in the literature. In Table III, the 3 -
results are analyzed with reference to reticulation 8 §g 3518
and to blood culture. Reticulation was present in g &3 -
95 per cent of the 22 bacteremics, including all 18 e (e | =
who died. Among the 84 non-bacteremic cases, 53 =<1
only 20 per cent were reticulated, but these in- ERRP
cluded 11 of the 15 deaths. Thus, the reticula- E 3 52 —r o
tion which was almost invariably present in bac- g -
teremic type III cases may largely account for 5 3 Eg s | oo

their unusual severity, since the fatality rate was
also high in reticulated cases without blood stream
invasion.

The role of leukopenia in the outcome of type

Per cent
fatality
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83
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Deaths

IIT pneumonia is shown in Table IV. The fatality g g gles|e
rate was 18 per cent in the cases with leukocyte g Z".

counts over 10,000, 32 per cent in those with white ug

counts between 5,000 and 10,000, and 77 per cent .§ §. *a

in those with less than 5,000 cells per cubic milli- § a’s

meter. A study of the table, however, shows that & gl-a]=
the fatality rate was uniformly low in the absence il Il B

of reticulation and uniformly high in its presence,

TABLE 1V
Relation of leukocyte count to reticulation
ths

8>
regardless of leukocyte count, The higher fatality gﬁ o0 |
rate in leukopenia than in leukocytosis is due to 3 as
the fact that 92 per cent of the former, and only P
26 per cent of the latter, had reticulated sputum. § ;3 —w | e
It is thus apparent that the outcome of type III 3 "
~ pneumonia is correlated more closely with the §, §g 8
presence or absence of reticulation than with the i S
leukocyte count. : R
The data are analyzed according to age in 53 =e|=
Table V. In the non-reticulated group, 4 of the 5
deaths occurred in patients over 54 years of age. ‘g‘%‘ v | o
Cardiac failure was an accessory factor in the 2| sa -
death of all 5 cases. While the fatality rate in . | 8 =
the reticulated cases was not influenced by age, H Eg(~z |2
it should be noted that the incidence of reticula- K “
tion increased from O to 50 per cent with ad- g §3
vancing years. _ e 55 2]
The fatality rate in cases with consolidation ,§ =
confined to one lobe was 29 per cent as compared Es|ns =
with 44 per cent in those with involvement of “
two or more lobes (Table VI). When these o B
cases were broken down according to the pres- g %-3 -
ence or absence of reticulation, no significant dif- E 28| 8
ferences were found which could be attributed to 3 ?;’g &=
the degree of involvement. The higher fatality ? P
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. among the cases with consolidation of more than
§ §§ ~219 one lobe could be explained by the fact that a
s distinctly higher percentage showed reticulation.
= - It would, therefore, appear that the degree of
e §§ 85 |8 involvement in type III pneumonia does not play
g &3 as significant a role in determining fatality as it
ég o < does for other types.
EF-2 o
z DISCUSSION
B
: g%‘; b=l The results in type III pneumonia differed from
.| 3 20l I those obtained for all other types in two important
g PR respects. The outcome was not influenced by the
3 EE - degree of involvement and depended more upon
= o the presence or absence of reticulation than upon
§. §§ 28 |2 the number of pneumococci in the sputum. The
2 § &3 unfavorable prognosis customarily attached to the
O |— presence of bacteremia and leukopenia was at-
E 5223 tributable to the fact that reticulation was almost
invariably associated with blood stream invasion
52 wen | o or low leukocyte count. Age was the only other
3 2 Eg dl e factor which significantly affected the outcome in
§ g , type III cases. The above data, coupled with the
3| § Exl—2|8 additional evidence already presented (1 to 4),
sl = = make it difficult to escape the conclusion that the
é L 8 §3 prognosis in type III pneumonia is primarily in-
Fell ® $2 |88 |3 fluenced by the amount of SSS produced by this
§ g ~° organism as it grows in the lungs. Such a con-
3 TIC I cept may be readily correlated with other well
&= z known facts concerning the type III pneumococ-
TS cus. This organism, because of the mucoid char-
P gg o |o acter of its growth, yields the largest amount of
S &= capsular polysaccharide under appropriate cul-
" & tural conditions (5). It is also common knowl-
§. z=2 i edge that sputum from type III patients frequently
3; " requires dilution before exhibiting a positive Neu-
- §§ 8 = feld reaction. The disease induced by this pneu-
§ 857 mococcus is characterized by a predilection for
© = the aged, a prolonged clinical course, a lobular
Ei |e = distribution, and a relatively low bacteremic in-
—T cidence, associated with a high fatality rate despite
Rl massive doses of serum (6 to 9). At necropsy,
N the consolidation has a characteristic gelatinous
e N appearance and multiple lung abscesses are often
& Sl demonstrable. In the above respects, type IIL
£ B more closely resembles Friedlinder’s pneumonia
:;; 23 l, than infections due to the other common types of
25| § pneumococci (9, 10). The similarity between
:g & Friedlinder’s and type III pneumonia is further
> emphasized by the fact that in both- diseases the
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TABLE VI
Relation of involvement to reticulation

One or less lobes More than one lobe Totals
Sputum group Casges Deaths Cases Deaths Cases Deaths
Num- | Percent | Num- | Percent | Num-{ Per cent | Num- | Percent | Num- | Percent | Per cent
ber of total ber fatality ber of total ber fatality ber of total fatality
Non-reticulated. . .... 56 70 3 5 16 47 2 13 72 63 7
Reticulated.......... 24 30 20 83 18 53 13 72 42 37 79
Totals........... 80 70 23 29 34 30 15 44 114 100 - 33

high fatality rates are largely attributable to the
extraordinary capacity of these organisms to form
excessive amounts of capsular polysaccharide (2
to 4). The preponderance of the evidence would
seem to justify the segregation of type III cases
into a separate and distinct group, which requires
special therapeutic, clinical, and laboratory stud-
ies.

We have not been impressed by the value of
serum, either alone or coupled with sulfonamide
drugs, in type III pneumonia. Several of our
patients went into circulatory collapse shortly
after serum was given, which suggested that harm
rather than benefit had resulted from its admin-
istration. The futility of giving antibody to these
patients is also obvious from the quantitative
analysis for SSS, where it was shown that from
100 to 500 million units would be necessary even
to neutralize the amount of polysaccharide in the
lungs (3) Even in the non-reticulated cases, the
sputum may become reticulated despite the ad-
ministration of large doses of serum (2). For
these reasons, we believe that serum should be
discarded in the treatment of uncomplicated type
III pneumonia except in rare instances where the
pneumococci may have acquired resistance to the
sulfonamide drugs. .

The problem of specific treatment of type III
pneumonia thus resolves itself into the use of
chemotherapeutic agents of proven value. When
reticulation was absent on admission to the hos-
pital, its development was prevented by sulfa-
pyridine and sulfathiazole. The most prompt
effects in early reticulated sputum were obtained
from the use of sodium sulfathiazole, in large
doses, intravenously. The number of pneu-
mococci decreased within 24 hours and the re-

ticulation disappeared within 36 hours after the
institution of therapy. The clinical response in
reticulated cases, however, was rarely dramatic
and failure to obtain improvement following a
drug effect in the sputum was suggestive of
complications, particularly lung abscess. The re-
ticulated type III cases are still a therapeutic
challenge and, together with group C and D cases
due to other types of pneumococci, are suitable
for the final evaluation of new agents that have
proved effective in experimental infections and
in the milder human pneumonias.

SUMMARY

The type III pneumococcus differs from all
other pneumococci in its capacity to produce ex-
cessive amounts of capsular polysaccharide, as
manifested by a fibrin-like reticulum in Wright-
stained smears of rusty sputum. In the present
study of 114 cases of type III pneumonia, re-
ticulation in the sputum was by far the most
important factor in determining the outcome.
Thus, the fatality rate was 79 per cent when re-
ticulation was present and only 7 per cent when
it was absent. Furthermore, the fatality in re-
ticulated cases was uniformly high, regardless of
the number of pneumococci in the sputum, the
blood culture, the leukocyte count, and the extent
of the consolidation, but was partially influenced
by the factor of age. The unfavorable prognostic
significance customarily attached to bacteremia
and leukopenia in type III pneumonia was at-
tributable to the fact that reticulation was almost
invariably present in such cases. The outcome
in the non-reticulated cases, as in the other types,
was dependent upon the number of pneumococci
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per field in the sputum. Sulfapyridine and sulfa-
thiazole were superior to serum and sulfanilamide
in the treatment of type III pneumonia because
they prevented the formation of reticulation, and
* reduced the fatality rate in reticulated cases from

100 to 67 per cent.

The authors are deeply indebted to Dr. A. B. Mitchell
for his assistance and advice in the preparation and
analysis of the tables.
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