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Abstract. Deoxyribonucleic acid relatedness studies were used to characterize three Legionella- 
like organisms; T A T L O C K ,  HEBA, and the Pittsburgh pneumonia agent. The results showed that 
these three strains belong in the same species, which is distinct from the previously described spe- 
cies Legionella pneumophifa and L. bozemaniL Legionella micdadei species nova is proposed for 
this new species. The type strain of  L. micdadei is T A T L O C K  (ATCC 33218). 

In 1943, Tatlock recovered an organism from three 
of  five guinea pigs inoculated intraperitoneally with 
defibrinated blood from one of several soldiers with 
"Fort  Bragg fever". The organism was a poorly stain- 
ing, Gram-negat ive  rod that grew well m yolk sacs of 
fertile, 7-day-old hens' eggs, but would not grow on 
any artificial media. Tatlock could not relate this 
agent to "Fort  Bragg fever" through convalescent- 
phase serum reactions, bu! published his findings to 
record the characteristics of  the rickettsiaqike orga- 
nism [14]. Subsequently, this organism was desig- 
nated T A T L O C K .  

In 1959, Bozeman recovered another rickettsia- 
like organism from one of  three guinea pigs in- 
oculated with blood from a patient with suspected 
pityriasis rosea. This agent was designated HEBA, 
and like T A T L O C K ,  would not grow on artificial 
media and could not be related to the patient by 
complement  fixation tests. T A T L O C K  and HEBA 
had identical growth and staining characteristics, and 
cross-immunity was demonstrated in convalescent 
guinea pigs challenged with viable organisms [1]. 

In 1979, H6bert  grew both T A T L O C K  and 
HEBA on the charcoal yeast extract (CYE) agar de- 
veloped by Feeley, Gorman,  and Gibson [6] for the 
pr imary isolation of Legionella pneumophita. The two 
"new bacteria", T A T L O C K  and HEBA, were shown 
to have identical cultural, biochemical, and antigenic 
characteristics, the same cellular fatty acid composi- 
tion, and identical antimicrobial susceptibility pro- 
files [7]. Preliminary deoxyribonucleic acid (DNA) 
studies showed that T A T L O C K  and HEBA were 

highly related and probably belonged to the same 
species; they were not related to L. pneumophifa at 
the species level [7]. 

In 1979, Pasculle isolated two strains of  an orga- 
nism in guinea pigs and embryonated hens' eggs in- 
oculated with lung tissue from two renal-transplant 
recipients with acute purulent pneumonia [13]. This 
Gram-negat ive bacillus did not grow on artificial me- 
dia and was designated the "Pittsburgh pneumonia 
agent" (PPA). After Pasculle furnished Hdbert et ai. 
with yolk material from infected embryonated eggs, 
the PPA was cultivated on CYE agar and character- 
ized. PPA was essentially identical in phenotypic 
tests to the T A T L O C K  bacterium and highly related 
to it by D N A  hybridization [8]. Myerowitz et al. [12] 
recently reported the isolation in embryonated eggs 
of  a third strain of the PPA from an immuno-  
suppressed patient with acute pneumonia. 

The direct fluorescent-antibody (FA) conjugate 
for T A T L O C K  that was described in an earlier re- 
port [71 is being used on clinical specimens submitted 
to the Center for Disease Control for study. Lung tis- 
sue sections from several pneumonia patients in Vir- 
ginia contained numerous fluorescent bacteria when 
tested with the T A T L O C K  conjugate lB. M. Thom-  
ason, E. P. Ewing, M. D. Hicklin, S. A. Harding, and 
G. R. Donowitz, submitted for publication). Other 
specimens reported positive with this conjugate in- 
clude fresh pteural fluid and scrapings of  Formalin- 
fixed human lung tissue lB. M, Thomason, unpub- 
lished). The T A T L O C K  bacterium represents a dis- 
tinct species, and its clinical significance is rapidly 
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Table I. DNA re~latedr~ess ofTATLOCK, HEBA, and PPA to each other and to 
Legionella spet:ies 

Source of tzbelc~d DNA 

L. pneumophifa L~ bozemat~ii 
TATLOCK Phil~.de[phia 1 W1GA 

Source or 
unlabeled RBR, RBR, RBR, RBR, RBR, 
DNA 60~C ~ % D b 75~C 60*('. 60~ 75"C 

TATLOCK 10(l 
HEBA 100 
PPA 90 

L. pneumophita 
strains: 
Phi~:adelpbJa [ 4 
Pontiac I 5 
Belhngham | 4 
B]c~omington I (~ 

L. bozernanu 
strain~: 
WIGA 0 
MI-t5 6 

0.13 IO0 5 0 O 
0.13 98 5 0 0 
0.0 77 NT e NT NT 

I I00 5 0 
NT 9[ 13 6 
NT 92 8 7 
0 75 2 2 

8 tOO 100 
2 25 56 64 

a RBR. relative binding ratio - (% heterotagous DNA bound to hydroxyapatite)/(% 
homolc.gous DNA bound to hydroxyapatite~, ~ 100 

b % D, pef~:ent divergence - the decrea.~e in thermal stability 0n ~ at beterologous 
DNA duplexes compared ro that of  the homologous DNA dupieg.es. It can be expre.ssed 
as % because each degree decrease in thermal stability is c~uscd by apWox~matd.y 1% 
unpaired ba,~d, in double-stranded DNA. 

�9 Not tested in Lh~ study. 

becoming recognized. 
T A T L O C K ,  HEBA,  and PPA are bac ter ia  

phenotypically similar to, but yet genetically distinct 
from L. pneumophila. The D N A  relatedness studies 
of  these three strains are presented in this report. On 
the basis of these and previous data, we place the 
T A T L O C K  bacterium in the genus Legionella as a 
new species, Legionella micdadei. 

Materials and Methods 
T h e  T A T L O C K ,  H E B A ,  a n d  P P A  s t r a ins  h a v e  b e e n  d e s c r i b e d  

[7,8]. T h e  W I G A  s t r a i n  [1.7,9] a n d  the  W l G A - l i k e  s t ra in ,  M I - 1 5  

[5] ( G A - P H  [15]), o fLeg ione l la  bozemanii  [4] h a v e  been  d e s c r i b e d .  

T h e  P h i l a d e l p h i a  I, P o n t i a c  L B e l i l n g h a m  I, a n d  B l o o m i n g t o n  [ 

strains of L, pneurnophila have been described [2,3]. Strains were 
harvested from CYE agar plates for DNA hybridization. Isolation 
and purification of labeled and unlabeled DNA and details of the 
hydroxyapatite procedure for DNA hybridization have been de- 
scribed [3]~ 

Results and Discussion 

Labeled D N A  from T A T L O C K ,  Legionella pneumo- 
phita, and L. bozemanff was allowed to reassociate 
with unlabeled D N A  from T A T L O C K ,  HEBA, 
PPA, and strains of  L. pneumophila [2] and L. boze- 
manii [4]. The results (Table 1) indicate that TAT-  
LOCK, HEBA, and PPA belong to the same species 
and that they are a separate species from L. pneumo- 
phila and L. bozemanii. Labeled T A T L O C K  D N A  

was 90% or more related to unlabeled DNAs  from 
HEBA and PPA in 60~ reactions. There was no evi- 
dence of  divergence (unpaired bases) within the re- 
lated nucleotide sequences, and relatedness remained 
high in 75~ reactions in which only closely related 
sequences can reassociate. Strains of  a species usually 
are 70% or more related in 60~ reactions, contain 
less than 6% divergence within related sequences, 
and show 60% or more relatedness in 75~ reactions. 
By all of  these criteria, T A T L O C K ,  HEBA, and PPA 
belong to the same species. 

T A T L O C K  was only minimally related to sev- 
eral strains of  L. pneumophila and to the two known 
strains of  1_,. bozemanii. These data were confirmed in 
reciprocal reactions in which labeled D N A  from L. 
pneumophila strain Philadelphia 1 and L. bozemanii 
strain W I G A  were 5% and 0%, respectively, related 
to unlabeled DNAs from T A T L O C K  and HEBA. 
Relatedness results vary considerably when the D N A  
preparations are labeled in vitro, as these were. We 
therefore do not stress the quantitative results; how- 
ever, the qualitative interpretat ion of  these data 
leaves no doubt that T A T L O C K ,  HEBA, and PPA 
are not members  of  either L. pneumophila or L. boze- 
maniL 

T A T L O C K ,  HEBA, and PPA are phenotypi-  
rally identical [7,8]. They were initially isolated on 
CYE agar after 3~4 days of  incubation in a moist at- 
mosphere at 35~ After several transfers on CYE 
agar, all three strains grew on Feeley-Gorman agar 
[6] and caused browning of the agar. They did not 
grow on commonly used laboratory media, such as 
bIood agar or nutrient agar. Colonies on CYE agar 
were a dull yeIlow under long-wavelength ultraviolet 
excitation. They are Gram-negat ive bacilli that are 
not acid fast with the Ziehl-Neelsen stain for myco- 
bacteria. Each of these strains has a polar flagellum. 
Their  biochemical reactions are identical to those of  
L~ pneumophila. They do not produce urease, reduce 
nitrate to nitrite, or ferment carbohydrates, but they 
liquify gelatin, utilize starch, and produce catatase 
and oxidase. Unlike L. pneumophila, cultures o f  
T A T L O C K ,  HEBA, and PPA do not produce a fl- 
lactamase. 

A T A T L O C K  direct FA reagent had the same 
high titer with TATLOCK,  HEBA, and PPA, but did 
not stain any of 220 other organisms tested, including 
L. pneumophila and L. bozemanii. The cellular fatty 
acid composition of these bacteria, like that of L. 
pneumophila and L. bozemanii, is unusual for Gram-  
negative bacteria because of  the large amount  of  to- 
tal branched-chain acids. The major  acid in TAT-  
LOCK, HEBA, and PPA is a-15:0, and the second 
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Table 2. Phenotypic characteristit:~ that differentiate the three defirped species of 
Legionelta. 

Characterixdc~ L micdadei L. pneumophila L. bozemanii 

Growth on F G and 
M H~IH a Adapted Primary Adapted 

Fluorescence on 
CYE agar b Dtdl yetiow Dull yellow Blue-white 

Production of 
fl-iaet~tm~e + + 

V-G. Feeley-Gormon Agar: MH-ilt, supplemented Mueller-Himon agar [6]. Pri- 
mary. initial ivot~lion and fresh isolates from charc~a~ yeast ext,'act (CYE) ~.g~r; 
zdapted, growth can be ~btzined only after several successive transfers on CYE ag~r. 

~ Under ~ong-wavelength ultraviolet excitation. 

most abundant  acid is a-17:0 [7,8]. They contain only 
trace amounts of  i-I4:0 acid, and differ from other 
legionellae in that they contain small amounts of an 
a-17:l acid. L. bozemanii also has a-15:0 as its major 
acid, but i-16:0 is its next most abundant acid; a-17:0 
is its third major acid; it contains small amounts of  
i-14:0 acid, and lacks the a-17:l acid [7,10]. The ma- 
jor  acid in L. pneurnophila is the i-16:0 [1 t]. 

The  name Legionella micdadei species nova 
(pronounced mick-day'-dee) is proposed for the spe- 
cies represented by the strains TATI_OCK, HEBA, 
and PPA. The  name is in honor  of  Joseph E. 
McDade, who first isolated L, pneumophila. He has 
contributed much to our understanding of all three 
Legionella species. The type strain of  L. rnicdadei is 
T A T L O C K  (ATCC 33218), isolated by Hugh Tat- 
lock in t943 [14]. 

The phenotypic characteristics of  L. micdadei 
are quite similar to those of  L. pneumophila and L. 
bozemanii [2,4,7,8]. Characteristics of differential 
value are listed in Table 2; however, for one to prop- 
erly identify an unknown isolate to the species level, 
direct FA staining reactions and cellular fatty acid 
composition must be determined, 
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