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Previous work with Hemophilus pleuropneumoniae has shown that this 
bacterium is the causative agent of a characteristic fulminating, frequently 
fatal porcine contagious pleuropneumonia (PCP) (I). Further studies have 
demonstrated that the organism is pathogenic for swine only when adminis- 
tered intranasally and that it is innocuous though immunogenic when inocu- 
lated subcutaneously (2). The present study compares H. pleuropneumoniae 
to certain other members of the genus Hemophilus in an attempt to clarify the 
interrelationships of this pathogen. 

Materials and Methods 
Bacterial Strains.--H. pleuropneumoniae was isolated from the lungs of swine with PCP (1) 
H. parainfluenzae (Boss), H. influenzae Rd. (Gaff), and H. aegyptius (strain 15) were of 

human origin (3, 4). 
H. influenzae suis (H. suis), herein referred to as H. parasuis since the strain (1356) selected 

requires diphosphopyridine nucleotide (DPN) but can form heroin (3, 5). I t  was isolated from 
the respiratory tract of a pig with swine influenza (6). 

H. parainfluenzae (K-17) was a meningeal strain isolated from a steer (7). 
Media.--The proteose-peptone medium is similar to that described by White and Smith (8) 

and contains 2 per cent proteose-peptone (Difco Laboratories, Inc., Detroit), 0.6 per cent 
NaCl, 0.1 per cent KNO~, and 0.002 per cent Na~S~O4. I t  is buffered to pH 7.6 with 0.02 
tris. When used for the growth of Hemophilus, it is fortified after sterilization by the addition 
of DPN (sterilized by Millipore filtration), sterile yeast extract, and sterile glucose (Difco prod- 
ucts), in concentrations of 0.5/~g per ml and 0.5 and 1 per cent respectively. In the experi- 
ments reported in Table I, glucose and yeast extract were omitted from this medium. The de- 
fined medium is the simplified medium of Herbst and Snell (9) to which histidine was added 
(I0). Sodium bicarbonate was incorporated in this medium to a concentration of 0.02 M where 
subsequently indicated. Levinthal medium (11) was used in the transformation studies. 

Growth.--Growth was measured turbidimetrically, using a Klett photometer with a blue- 
green filter (band pass 500 to 600 m#). In each case, the instrument was set to zero with un- 

*Present address: University of Kentucky, Medical Center, College of Medidne~ Depart- 
ment of Biochemistry, Lexington. 

! 



PORCINE CONTAGIOUS PLELrROPNEUMONIA. III 

inoculated medium. Tubes 13 mm in diameter were used, and viable counts were directly pro- 
portional to turbidity between 10 and 60 units (106 and 10 s colony-forming units per ml). 

Transformation.--Spontaneously occurring mutant populations resistant to at least 1 mg of 
streptomycin per ml were selected from both the smooth "iridescent" and the dense "waxy" 
colony types (1, 2) of 1t. pleuropneumoniae. DNA-containing fractions were prepared from the 
mutant populations as described by Alexander and Leidy (12). The technical procedures for 
the transformation experiments were those previously described by Leidy et al. (3, 10). 

Electron Microscopy.--Heavily seeded cultures of H. pleurop~eumoniae were grown for 18 
hours in proteose-peptone medium and aliquots containing about 109 bacteria per ml were har- 
vested by centrifugafion. The bacteria were fixed overnight at 0°C according to the method of 
Ryter and Kellenberger (13) and embedded in epon 812 (14). Thin sections were cut on a 
Porter-Blum microtome using a diamond knife, collected on naked grids, and examined in a 
Siemens-Elmiskop I after staining with 0.5 per cent aqueous uranyl acetate for 30 minutes fol- 
lowed by alkaline lead (15). The bacterial population in these preparations was probably in the 
stationary phase of growth. 

Difference Spe~tra.--Early stationary-phase cells were used to compare the oxidized and re- 
duced states of the electron transport system. The methods of preparing bacterial suspensions 
and measuring the spectra have been described by White (16). The nomenclature for cyto- 
chromes follows that used by White and Smith (8). 

EXPERIMENTAL RESULTS 

Heroin and DPN  Requirements.- 

Members of the Hemophilus group characteristically require heroin (X factor) and/or DPN 
(V factor) for growth. Growth is directly proportional to heroin concentration in the range of 
0.002 to 0.05 meg per ml for the hemin-requlring species (17), and to DPN concentration in 
the range 0.01 to 0.1 meg per ml for DPN-reqniring H. parainfluenzae. The proteose-peptone 
medium used in this study contains less than 10 -° ~ hemin (5); any DPN present is destroyed 
by autoclaving. A chemically defined medium (Materials and Methods) has also been used to 
test for these growth requirements but is of limited use in that hemin-requiring species do not 
grow in the medium; a test for contaminating traces of hemin is therefore not feasible. 

T h e  d a t a  of Tab l e  I establ ish t h a t  H. pleuropneumoniae, l ike H. parain- 
fluenzae and H. parasuis, requires  D P N  bu t  no t  hernin for growth .  T h e  d a t a  

also show t h a t  when  smal l  inocula  (10 to 100 cells) are  used, H. pleuropneu- 
moniae and H. parainfluenzae (K-17) fail  to grow in the  defined m e d i u m  unless 

b i ca rbona te  ions (0.02 •) are  present ;  Boss, the  H. parainfluenzae s t ra in  of 

h u m a n  origin, does no t  requi re  added  H C O s - .  T h e  H. parasuis s t ra in  did no t  

grow in the  defined med ium.  

Carbohydrate Utilization.- 

Fermentation reactions are difficult to use as a taxonomic criterion with Hemophilus species 
since these bacteria grow in such complex media that the effects of added carbohydrate give 
variable results. However, for those species which grow in the defined medium, growth is de- 
pendent upon the carbohydrate added. 

As shown in T a b l e  I I ,  bo th  H. pleuropneumoniae and  H. parainfluenzae 
(Boss) can be d i f ferent ia ted  f rom H. parain.fluenzae (K-17) by  thei r  ab i l i ty  to 

grow in the  presence of lac ta te ,  sucrose, and  manni to l .  T h e  p H  changes f r o m  

7.6 to 6.4 when  the  t u rb id i t y  exceeds 50 units .  
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TABLE I 

Comparison of Heroin and DPN Requirements of H. pleuropneumoniae with Oa~er 
Itemophilus Species 

Medium 

Proteose-peptone, . . . . . . . . . . . . . . . . . .  
Proteose-peptone + DPN . . . . . . . . . . .  
Proteose-peptone + hemin . . . . . . . . . .  
Proteose-peptone + DPN + heroin.. 
Defined medium . . . . . . . . . . . . . . . . . . .  
Defined medium + DPN . . . . . . . . . . .  
Defined medium + DPN + HCOa -- 

Turbidity* 

H. parai~ H. pleuro- fluenzas 
pneumonias (Boss) 

0 0 
46 50 

0 0 
42 51 

0 0 
0 150 

130 170 

H. paraln- 

(KdT) 

0 
60 
0 

59 
0 
0 

156 

H. parasuis 
(t356) 

0 
40 

0 
41 

0 
0 
0 

H. inSu- 
e ~ s ~  

0 
0 

0 
56 

0 
0 
0 

* Measured after 48 hours at 37°C in 18-mm test tubes containing 5 ml medium grown 
from an inoculum of 10 to 100 late stationary phase cells. 

Glucose and yeast extract omitted. 

TABLE II 

Comparison of Carbohydrate Utilization by H. pleuropneumoniae and 11. parainfluenzae 

Carbohydrate in defined medium~ 

Control . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lactate . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glycerol . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D-Glucose . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lactose . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D-Arabinose . . . . . . . . . . . . . . . . . . . . . . . .  
D-Xylose . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maltose . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sucrose . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mannitol . . . . . . . . . . . . . . . . . . . . . . . . . .  
Galactose . . . . . . . . . . . . . . . . . . . . . . . . . .  

Turbidity* 

H. pleuro- H. paralnfl~enzae H. paralnfluemae 
pmuraoniae (Boss) (K-17) 

0 
66 

0 
109 

0 
0 

227 
100 
154 
140 
15 

0 
55 

0 
174 

0 
0 

147 
190 
157 
140 

4 

0 
0 
5 

170 
0 
0 

265 
6O 
0 
0 
4 

* Turbidity measured as in Table I. 
Carbon source at 0.01 z~ concentration and 0.02 ~s HCOs-. 

Colonial M o r p h o l o g y . -  

As has been mentioned briefly in earlier publications (1, 2), cultures of H. pleuropneumoniae 
derived at autopsy from tissues of swine with PCP yielded two types of colonies of small, 
plump, Gram-negative bacilli or coccobacilli when cultured on Levinthal agar. 

These  were:  (a) a t i n y  h a r d  w a x y  co lony  which  a d h e r e d  to t he  p l a t i n u m  loop 

a n d  was  difficult  to  d isperse  in b ro th ,  a n d  (b) a s m o o t h  i r idescen t  colony.  T h e  
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hard waxy type of colony was the predominant type;  the smooth iridescent 
type of colony was infrequent in some cultures. The smooth iridescent type 
uniformly emerged in cultures of single colony isolates of the hard waxy type 
and is of presumed mutational origin. The waxy type colonies increased in size 
with incubation beyond 18 to 24 hours and became softer in texture and slightly 
mucoid. A hazy periphery was usually noted in colonies after prolonged incuba- 
tion of the cultures of the waxy type, and scraping of these colonies from the 
agar surface revealed a core which extended into the agar. 

Capsules were demonstrable in organisms from both colony types after con- 
tact  with serum of swine convalescent from PCP or serum of rabbits immunized 
with H. pleuropneumoniae of the smooth iridescent type. Capsules were not 
demonstrable in It. pleuropneumoniae after exposure to type specific antisera of 
H. influenzae (types a to f), H. parainfluenzae (Boss), or H. parasuis (1356). 

Interspecific Transformation.-- 

Interspeeific transformation has been used as a tool in the study of genetic relationships 
among species (or genera) of bacteria. In general, the proportion of cells transformed by a 
heterologous species DNA is low relative to the proportion transformed by the homologous 
species DNA. For example, the heterospeeific to homospecific transformation ratio is low for 
H. influenzae populations exposed to tt. parainfluenzae and tt. parasuis DNA (3); it may ap- 
proach unity at times, however, when tt. influenza, populations are exposed to H. aegyptius 
DNA or H. aegyptius populations to 11. ir~fluenzae DNA (4). A high degree of genetic homology 
has been proposed for these latter two species (4). It was of interest, therefore, to compare the 
relationship of 11. pleuropneumoniae to other species of ttemophilus using interspecific trans- 
formation as an index of relatedness. 

11. pleurotmeumoniae (iridescent type) was virtually incompetent as receptor in transfor- 
mation studies. The waxy type of culture was not examined as receptor because of the clumping 
of cells during growth in Levinthal broth. DNA-contalning fractions were prepared from 
streptomycin-resistant mutant populations of both the iridescent and waxy culture types. 

The data of Table I I I  are from experiments in which populations of four 
different species, H. influenzae, H. aegyptius, H. parainfluenzae, and H. parasuis, 
were exposed for 15 minutes to their homologous species D N A  and H. pleuro- 
pneumoniae (iridescent type) DNA,  and the number of streptomycin-resistant 
transformants was measured. The data show that  the ratio (expressed as per 
cent) of the number of cells transformed by  the H. pleuropneumoniae D N A  to 
the number transformed by  the homologous species D N A  is low for all recipient 
populations except H. parasuis; a high degree of genetic homology between H. 
pleuropneumoniae and H. parasuis is suggested. Similar transformation ratios 
were obtained when a DNA-containing fraction derived from the waxy colony 
type of H. pleuropneumoniae was used. 

Fine Structure.- 

Lower power fields of H. pleuropneumoniae in the electron microscope show a pleomorphic 
population of cells ranging in length from 0.5 to 4.0/z. Two predominant forms are seen: 
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"healthy" dividing calls (Fig. 1, H; Figs. 2 and 3), and involutional spheroplasts (Fig. 1, S; 
Fig. 4). The healthy cells are generally rod-shaped and their fine structure is similar to that 
of other Gram-negative bacteria (18). The call wall (CW) consists of a moderately electron- 
opaque layer about 150 A wide which is bounded on its innermost surface by a thin dense line 
(Figs. 1 and 3). An extraneous coat (EC) consisting of radially oriented, fuzzy material is ad- 
herent to the cell wall (Figs. 1 and 3). Internal to the cell wall and bounding the cytoplasm is 
a unit membrane (PM) about 80 A wide, consisting of two electron-opaque leaflets enclosing a 
less dense space (Figs. 2 and 3). This structure is not visible in every cell and is more readily 
seen where the call wall is lifted away from the underlying plasma membrane (PM) (Fig. 2). 
The interior of the cell contains many ribosomes (R) about 200 A in width which constitute a 
wide cortical layer beneath the plasma membrane (Figs. 1 to 3). The remainder of the cell is 
occupied by nuclear material in the form of bundles of fine, 20 A wide fibrils (NF), which form 

TABLE I I I  

Interspecifir, Transformation within Genus Hemophilus; Comparison of Number of Cells 
Transformed to Streptomycin-Resistance by Homologous "Species" DNA and 

H. pleuropneumoniae DNA 

Streptomycin-sensitlve 
recipient, species 

and strain 

H. influenzae Rd. 
H. aegypgus 15 
H. parainfluenzae 

(Boss) 
H. parasuis (1356) 

H. influ- 

2 . 1 X  10 

Transformants per ml* 

Species source of DNA 

H. aegyp- 
~ius 

.2 X 10 e 

H. parain- H. pa.ra- 
fl~$nsa8 $~$$ 

5 . 6 X  106 

5 . 2 X  10 ~ 

H. pleuro- 
pneumoniae 

2 . 1 ×  10 ~ 
2 . 2 X  10 ~ 
2.4 X 10 s 

t . 3 ×  10 ~ 

H. p/euro- 
~0~6g- 

mon/ae 
homo- 
specific 

transfor- 
mation 

ratio 

Per ~ n t  

0.01 
0.05 
0.36 

25. 

* Approximately 3 X 10 8 sensitive ceils. 

a well defined nucleoid in some cells or appear to be arranged as a meandering system of inter- 
connected bundles (Figs. 1 and 2). Chondrioides (mesosomes) or other forms of internal mem- 
branes are not observed, though ingrowing division septae (Se) are occasionally seen (Fig. 1). 

The second cell type seen in section is probably a form of spheroplast (Fig. 4). Here the ex- 
traneous coat is generally absent and the cell wall attenuated in thickness. The plasma mem- 
brane (PM) is visible in most of these cells and consists of a symmetrical unit membrane about 
80 A wide (Fig. 4). The content of ribosomes is decreased or absent and the nuclear material 
is dispersed as fine, individual threads (NF) (Fig. 1). The over-all electron opacity of the cyto- 
plasmic sap is markedly decreased. Many large amorphous electron-opaque masses (AM) are 
scattered throughout the cell and may represent coalesced material resulting from the break- 
down of cell components (ribosomes, nuclear material) (Figs. 1 and 4) during the process of in- 
volution. Many intermediate forms between these two cell types are seen, and it is probable 
that in time the more compact typical bacterial form develops into the involutional sphero- 
plast. 

T h e  fine s t ruc tu re  of tt .  pleuropneumoniae is s imilar  to t h a t  of o the r  m e m b e r s  

of the  Hemophilus group,  such as H. influenzae, H. aegyptius, and  H .  para- 
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influenzae. All the  tIemophilus species are  charac te r ized  by  p leomorph i sm a t  

la te  s tages of incubat ion ,  and  this p l eomorph i sm is corre la ted wi th  the  forma-  

t ion of spheroplast - l ike  invo lu t iona l  forms wi th  a t t e n u a t e d  cell walls. 
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"I'~xT-FIG. 1. Difference spectra of H. pleuropneumoniae. Spectra measured in 0.05 
phosphate buffer pH 7.6 containing 20 per cent (v/v) glycerin at a bacterial density of 10 mg 
protein/ml. , DPNH reduced rs. oxidized spectrum. -----, DPNH reduced saturated with 
carbon monoxide rs. DPNH reduced spectrum. - . - - ,  Na2S204 reduced rs. oxidized spectrum. 

Formation of the Electron Transport System.- 

The heroin-requiring species of Heraophilus can grow fermentatively without forming a de- 
tectable cytochrome system. They can grow anaerobically without added nitrate or in the 
presence of 0.005 M KCN (17). The heroin-independent species, on the other hand, cannot grow 
fermentatively and must form an electron transport system in which cytochrome oxidase is 
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oxidized by oxygen or nitrate. They also form an electron transport system which branches at 
the oxidase end and can degenerate in the stationary phase with the formation of non-enzy- 
matically reducible cytochrome c1 (16). This soluble cytochrome has been isolated from all 
heroin-independent Hemophilus species tested (17). 

H. pleuropneumoniae cannot grow anaerobically without ni t rate  or in the 
presence of cyanide. As is characteristic of Hemophilus species, it  has the un-  
usual permeabil i ty characteristic of reacting with reduced diphosphopyridine 
nucleotide (DPNH).  

400 
I I I I I I I t I I I I I I 

440 480 520 560 600 840 680 

" W ' a v e l e n g t h  (m/.~) 

- ' -  " + 0 . 1 0  - 

& 
4.1 

tD 

0 
.~ 0.~-  

- ' - I  ul 

o 

o 

~ -  - 0 . 1 ( 1  - 0 
<3 

TEXT-FIG. 2. Difference spectrum of nitrate reductase of H. pleuropneumoniae reduced with 
0.005 ~ DPNH and reoxidized in the presence of 0.02 ~ KNO3. (10 mg bacterial protein/ml) 

The difference spectrum of an H. fleuroF,;eumoniae population in which respiratory pig- 
ments were reduced by DPNH was compared with the same suspension in which respiratory 
pigments were oxidized. The results are shown in Text-Fig. 1. The three oxidase cytochromes 
ax (maxima at 600 and 424 ml~), a2 (maximum at 640 m/~), and 0 (maxima at 567, 537, and 
414 m/~) are seen in the difference spectrum of H. pleuropneumoniae whose reduced respiratory 
pigments are complexed with carbon monoxide. The large amount of cytochrome cl (maxima 
at 553, 523, and 423 m/~) not reducible with DPNH can be seen in H. pleuropneumoniae whose 
pigments are reduced by Na~S204. The adsorption maxima of H. fleuropneumoniaz cyto- 
chrome ci correspond to those earlier found for H. parainfluenzae (Boss) (19). Growth in the 
presence of nitrate induces the formation of cytochrome al and a larger proportion of this 
cytochrome, when reduced enzymatically, is reoxidized by NO~- than by oxygen in H. pars- 
influenzae (Boss). Text-fig. 2 shows that this is also the case with H. pleuropneurnoniae. 
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I t  is evident from the results obtained that H. pleuropneumoniae forms an 
electron transport system typical of heroin-independent Hemophilus species. 

DISCUSSION 

The causal agent of porcine contagious pleuropneumonia (PCP) has been 
identified as a member of the Hemophilus group; it requires DPN, but not 
hemin, for growth and has been shown to have certain other growth charac- 
teristics in common with two other species of hemin-independent Hemophiluz, 
H. parainfluenzae and H. parasuis. Interspecific transformation studies (Table 
I I I )  are in support of the assignment of the PCP organism to the Hemophilus 
group. On the premise that the degree of reactivity of donor and recipient DNA 
is a reflection of homology, it is suggested that this organism may be more 
closely related to H. parasuis than to H. influenzae, H. aegyptius, or H. para- 
influenzae. Since only one genetic characteristic (streptomycin resistance) was 
used as a genetic marker, this suggestion is made with the caution due. Al- 
though the data presented establish that the PCP agent belongs to the Hemo- 
philu,~ group and suggest that it is closely related to H. parasuis, it has been 
made a species separate from H. parasuis on the basis of the marked qualitative 
difference in the diseases with which the two organisms are etiologically associ- 
ated as well as certain other qualitative differences in their pathogenicity for 
swine. The causative agent of PCP has been, as indicated earlier (1), designated 
Hemophilus pleuropneumoniae because of the cardinal lesion that it regularly 
causes when infecting swine. 

The qualitative differences in the pathogenicity of the two organisms for 
swine, upon which the designation of H. pleuropneumoniae as a species separate 
from H. parasuis is based, may be summarized as follows: 

1. The clinical entities with which the organisms are causally associated are, as has 
been pointed out earlier (1), quite separate and easily distinguishable diseases. Swine 
influenza, with which H. influenzae suis is etiologically associated, is a highly contagious 
but seldom fatal respiratory ailment. The pneumonia in this disease is lobular in 
distribution and largely limited to the anterior lobes of the lung (20). I t  is only rarely 
that this pneumonia is complicated by a concomitant pleuritis. The mortality of both 
the natural and the experimentally induced disease lies between 2 and 4 per cent, and 
the size of the infecting inoculum plays little if any role in determining the lethality 
of the outcome. PCP, with which H. pleuropneumoniae is etiologically associated, is, 
like swine influenza, a contagious respiratory ailment. However, in contrast to swine 
influenza, the pneumonia of PCP is ordinarily lobar, tends to involve the posterior 
lobes of the lung primarily, and is always complicated by a concomitant pleuritis. 
The mortality of the natural outbreak from which our material originally came was 
about 6.5 per cent (1). The over-all mortality of the experimental disease, however, 
has approached 50 per cent and is markedly dependent upon the size of the infecting 
inoculum employed (2). 

Upon recovery from swine influenza, the pneumonic lesions resolve rather rapidly 
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so that by 3 to 4 weeks postinfection, little or nothing other than scant puckered areas 
of cicatricial tissue mark the former areas of pneumonia. The lungs of swine recovered 
from PCP, on the other hand, show large hard areas of organizing pneumonia con- 
talning necrotic foci and an overlying densely organized pleuritis for at least as long 
as 14 weeks postinfection. 

2. H. influenzae suis has in the past, on innumerable occasions, been administered 
in large dosage intranasally to swine without causing observable illness or pulmonary 
lesions (21), and recently (2) the particular strain of H. parasuis used in the present 
study has been administered intranasally to swine in enormous doses without effect. 
Only when the swine influenza virus accompanies the organism does it exhibit sig- 
nificant pathogenicity for swine. In contrast to the complete inability of H. influenzae 
suis acting alone to cause clinical illness or induce pathologic pulmonary changes in 
swine, H. pleuropneumoniae is a very effective pathogen. As has been detailed in a 
previous paper (2), as few as 100 organisms intranasally have produced the character- 
istic pleuropneumonia and, though the usually fatal dose is about one-half million, 
as few as 1400 organisms have been lethal. 

3. Not only is H. influenzae suis never, when given alone, pathogenic for swine 
while H. pleuropneumoniae is almost always so, but also the contribution that H. in- 
fluemae suis makes, with the virus, to the pathological manifestations of swine influ- 
enza is entirely different from the pathological picture of PCP caused by H. pleuro- 
pneumoniae alone. The contributions of H. influenzae suis to the pathological mani- 
festations of swine influenza appear to be two fold. First, the gross extent of the pneu- 
monic lesions is greater in swine infected with both the virus and H. influenzae suis 
than it is in animals infected with the virus alone (22). Secondly, the viral histopa- 
thology is modified by the concomitant bacterial infection in that polymorphonuclear 
leucocytes are much more numerous than they are in the purely virus pneumonias. 
This increased polymorphonuclear reaction is most prominently evident in the small 
bronchi and bronchioles and in the alveoli adjacent to them. In contrast, H. pleuro- 
pneumonlae appears to call forth in the lung primarily a lymphocytic cellular reaction 
and although, as in swine influenza, the small bronchi, bronchioles, and the alveoli 
surrounding them are involved, the primary inflammatory reaction appears to be in 
and about the lymph channels of the pleurae and the interlobular septa. The pneu- 
monia, as manifested by cellular exudation, seems to involve first the alveoli adjacent 
to the lymph channels, either below the pleural surfaces or along the interlobular 
septa (1). The two organisms, therefore, differ markedly in the histopathological 
reactions they cause in the separate diseases in which they are involved. 

The qualitative differences in the types of disease with which they are etio- 
logically associated, together with the differing histopathological reactions 
elicited in the swine respiratory tract by  the two organisms are believed suffi- 
cient to justify the establishment of H. pleuropneumoniae as a species separate 
from H. parasuis. In  addition, the complete failure of pathogenicity of H. 
parasuis, except in the presence of a concomitantly infecting virus, and the 
marked pathogenicity of H. pleuropneumoniae as an unassisted infective agent 
rather strikingly demonstrate intrinsic qualitative differences in the disease- 
producing capabilities of the two organisms. 
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When we began our studies of PCP, we were not aware that a disease of its 
character had ever before been described or investigated. Recently, however, 
our attention has been called to work by Pattison, Howell, and Elliot (23), and, 
Matthews and Pattison (24) on a respiratory ailment in British swine that, 
though much milder and more difficult to transmit experimentally than PCP, 
nevertheless reminds us of a benign version of our Argentine disease. The pri- 
mary pathological lesion of the British disease is a pneumonia associated with 
pleuritis and the causative agent is a DPN-dependent Hemophilus which has 
been designated Haemophilus para-influenzae (24). This Hemophilus, when 
administered intratracheally in relatively large dosage, induces a pleuropneu- 
monia that is evidently, from its description, much milder than that caused by 
our Argentine Hemophilus intranasaUy. However, the pathology of the con- 
dition, both gross and histologic, is qualitatively similar to that of the Argentine 
disease. The concomitant presence of hog cholera virus seemingly enhances the 
pathogenicity of H. para-influenzae and the disease resulting from this mixed 
viral and bacterial infection then approaches more nearly that of PCP in its 
clinical severity. However, the rapidly fatal fulminating infections that we have 
seen in swine infected with our H. pleuropneumoniae were not observed by the 
English workers even when they administered hog cholera virus with their 
organism. A relationship between the British swine pleuropneumonia and 
PCP cannot be positively established from the information available, but it 
seems entirely possible that they may be quite similar diseases, with similar 
causative agents, differing only quantitatively in their pathological and clinical 
severity. 

SUMMARY 

Hemophilus pleuropneumoniae, the causative agent of porcine contagious 
pleuropneumonia (PCP) is an encapsulated organism that has the metabolic 
features of the parainfluenza group of Hemophilus in that it requires DPN but 
not heroin for growth. Its formation of nitrate reductase cytochrome al and 
non-physiologically reducible cytochrome cl in the stationary phase, together 
with its requirement of electron transport through oxidases for growth are 
typical of non-hemin-requiring Hemophilus species. I t  has the closest genetic 
homology, judged from the capacity of its DNA to induce transformation to 
streptomycin resistance, with H. parasuis but can be differentiated from this 
organism on the basis of its growth in defined medium and its marked and 
characteristic pathogenicity for swine. 
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EXPLANATION OF PLATES 

PLATE 1 

FIG. 1. Low-power electron micrograph of a thin section of H. pleuropneumoniae. 
Two main cell types, "healthy" dividing cells (H), and spheroplasts (S) are seen. 
NF, nuclear fibrils; CW, cell wall; EC, extraneous coat; R, ribosomes; Se, division 
septum; AM, amorphous mass. × 37,000. 
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PLATE 2 

FIG. 2. Healthy form of H. pleuropneumoniae. CW, cell wall; R, ribosomes; NF, 
nuclear fibrils; PM, plasma membrane. X 115,000. 

FIC. 3. Portion of healthy cell illustrating extraneous coat (EC), cell wall (CW), 
plasma membrane (PM), and ribosomes (R). × 135,000. 

FIG. 4. Spheroplast form of H. pleuropneumoniae. CW, cell wall; PM, plasma 
membrane; AM, amorphous mass. X 135,000. 
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