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Studies on Sulfonatnide-Resistant Organisms. I\'. Retention of Resistance 
by Pneutnococci. 

CLARA L. SESLER, L. H. SCHMIDT, ASD JANE BELDEN. 
From the Imti tute  f o r  Medical Kc.s taw?i ,  The Christ Hospital, Cincinnati, Oltio. 

I t  is now a well established fact that under 
certain conditions bacteria develop resistance 
to the sulfonamides. If this resistance should 
be a permanent characteristic and these non- 
susceptible organisms become widely dissem- 
inated by passage from one individual to 
another, sulfonamide therapy in future years 
may be much less successful than at  present. 
Fm this reason it is important to know 
whether organisms which have become re- 
sistant to the sulfonamides retain this charac- 
teristic indefinitely after being removed from 
the influence of these drugs. 

Previously reported experiments1 showed 
that each of 4 strains of pneumococcus, made 
resistant to the sulfonamides, retained this 
property for at  least 1 year. Durinq this 
time these strains underwent approxiniately 
200 passages through mice and an equal num- 
ber in infusion broth without any contact with 
a sulfonamide. Since the former report, these 
strains have undergone similar passages for 
an additional 2 years. A fifth strain of pneu- 
mococcus, made resistant in another labora- 
tory, has also been observed for a period of 
almost 3 years. 

Experimental. Four of the strains used in 
this study were made resistant in this labora- 
tory. The type I McGovern, type 111 CH.4, 
and type 111 Wistuba strains were made 
resistant to sulfapyridine by serial passage 
through groups of mice treated with gradually 
increasing doses of this drug. The type I1 CH 
strain was made resistant by serial passage 
through broth containing increasing sulfa- 
pyridine concentrations. Details of this work 
have been described e1sewhere.l The fifth 
strain, type I P47,* was also made resistant 
by serial passage through media containing 

1 Schmidt, L. H., Sesler, C. L., and Detrwiler, 
H. A,, J .  Pharm. and Exp. Pherap., 1942, 7 4 .  175. 

* This strain and its sensitive counterpart SV-1 
were obtained from Dr. C. M. MacLeod. 
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sulfapyridine.' As originally prepared, all 5 
strains were resistant both in vivo and in vitro. 

These resistant strains and their sensitive 
parent strains were passed alternately through 
untreated mice and through beef infusion 
broth enriched with rabbit blood, either daily 
or every other day for approximately 3 years. 
At various intervals, the strains were tested 
for in viva and in vitto responses to sulfa- 
pyridine. 

In  most of the in vivo tests, groups of 30 to 
40 white mice (males weighing 18 to 22 g) 
were infected intraperitoneally. The infecting 
dose was 1 cc of a 1 W  dilution in infusion 
broth of a 12- to 14-hour blood broth culture 
obtained from the heart blood of a passage 
mouse. Part of the mice served as untreated 
controls; the remainder were treated by 
stomach tube with 20  mg doses of sulfapyri- 
dine. These doses, suspended in 1070 gum 
acacia, were administered 2, 8, and 14 hours 
after infection and every 8 hours thereafter 
for 5 additional days or as long up to that 
time as the animals survived. 

The results with 4 of the resistant strains 
and their sensitive parent strains are pre- 
sented in Table I. Although determinations 
of drug sensitivity were made at  approximately 
6-month intervals, only the first and latest 
determinations are shown here, inasmuch as 
the results of intervening experiments were 
not significantly different from those described. 
I t  is evident from the data that these 4 
resistant strains had essentially the same 
response to sulfapyridine at  the end of the 
3-year period as when made resistant. With 
reference to the corresponding parent strains, 
3 showed no significant change in response to 
the above sulfonamide; the fourth strain (type 
I1 CH) was somewhat less sensitive at  the 
end of 3 years passages than originally, but 

2 MacLeod. C. JI., and Dxddi, G., PROC. SOC. 
EXP. BIOL. ASD MED., 1939, 41, 69. 
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TABLE I. 
Retention of Sulfonamide Resistance 1):- Type I NcGovern, Type I1 C'H, Type 111 CHA,  and Type I11 

Wistuba Strains of Pneuniococcus. 

S o .  of deaths Avg hrs 30-day 

0 rg a n isni of test passages" organisnis inentt 1 2 3 4 5 6 7-30 that died No. % 

KO. of KO. of Days after infection survival survivors 
of mice c-> Date mouse infecting Trcnt- 

Ty/1)C I . l ~ C C O V e ~ l L  
Resistant strain 5/21/40 

i/38/43 

Parent strain G /  i/40 

i/28/43 

Type I I  CIZ 
Resistant strain 6/21/40 

9/27/43 

Parent strain 8/19/40 

9/27/43 

Ty/1)C ch!d 
Resistant strain 8/ 9/40 

9/20/'43 

Parent strain 8/ 9/40 

9/20/43 

T y p e  I I I  Wistuba 
Resistant strain 11/34/40 

9/20/43 

Parent strain 10/28/40 

9/20/43 

14 i 800 

605 8 10 

22 l i G @  

605 560 

1 2  1310 

610 290 

60 230 

610 3 4@ 

1 300 

550 210 

1 300 

550 5 i 0  

1 800 

460 500 

t 500 

460 530 

SP 
0 
SP 
0 
SP 
0 
SP 
0 

SP 
0 
SP 
0 
SP 
0 
SP 
0 

SP 
0 
SP 
0 
SP 
0 
SP 
0 

SP 
0 
SP 
0 
,SP 
0 
SP 
0 

0 2 2  8 0 0 0 0 
4 6 0 0 0 0 0  
0 3 1 2  5 0 0 0 
3 7 0 0 0 0 0  
0 0 0 0 0 1 2  
3 7 0 0 0 0 0  
0 0 0 0 0 1 7  
2 8 0 0 0 0 0  

0 2 9  1 0  0 0 0 
1 9 0 0 0 0 0  
0 2 0  0 0 0 0 0 
3 7 0 0 0 0 ' 0  
0 0 0 0 0 0 1 9  
0 1 0  0 0 0 0 0 
0 0 0 0 0 1 1 9  
6 4 0 0 0 0 0  

0 1 9 1 0  1 0  0 0 
7 3 0 0 0 0 0  
0 1 9  0 0 0 0 0 
5 5 0 0 0 0 0  
0 0 0 0 1 0 2 9  
6 4 0 0 0 0 0  
0 0 0 0 0 0 1 9  
4 6 0 0 0 0 0  

0 21  
6 4  
0 20 
9 1  
0 0  
7 3  
0 0  
4 6  

9 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 1 1 5  
0 0 0 0 0  
0 0 0 2 1 7  
0 0 0 0 0  

47 
26 
54 
26 

148 
27 

267 
27 

38 
27 
35 
25 

184 
30 

172 
24 

44 
24 
36 
26 

186 
24 

173 
27 

44 
25 
34 
22 

173 
25 

171 
25 

0 0  
0 0  
0 0  
0 0  

2'7 90 
0 0  

12 60 
0 0  

0 0  
0 0  
0 0  
0 0  

11 37 
0 0  
0 0  
0 0  

0 0  
0 0  
1 5  
0 0  
0 0  
0 0  
1 5  
0 0  

0 0  
0 0  
0 0  
0 0  
4 20 
0 0  
1 5  
0 0  

' Mouse passages since preparation of the resistant strain. 
t Treatment consisted of 20 xng doses of sulfapyridine, administered 2, 8 and 1 4  hours after infection, 

$ Mristuba parent strain not tested on 11/24/40; test of 10/28/40 nearest to above date. 
and every 8 hours thereafter for 5 additional days. 0 indicates no treatment. 

was not a t  all like its resistant counterpart. 
In contrast to the above findings, the fifth 

strain of pneumococcus, type I P47, lost much 
if not all of its resistance to sulfapyridine 
(Table 11). There is a suggestion that this 
change occurred gradually, since the per- 
centage of surviving mice increased progres- 
sively. Data on this point are not entirely 
conclusive, for only small numbers of mice 
were used in several of the intermediate 
experiments. It is well to note that the loss 
in resistance was not related to a loss of 
virulence; actually, the P47 strain had higher 
virulence at  the end of 3 years than when 

originally received. I t  should also be noted 
that strain SV-1, the sensitive parent of P47, 
did not change its response to sulfapyridine 
during the period of observation. 

The in vitro response of the various strains 
to sulfapyridine was determined at approxi- 
mately the same times as the in vivuo response. 
The technics of the in vitro tests have been 
detailed elsewhere? The results of the tests, 
shown in Table 111, confirm the in vivo find- 

3Schmidt, L. H., Ruegsegger, J. M., Eesler. C. L., 
and Hamburger, M., Jr., J .  Pharm. and Ezp. 
Therap., 1941, 73, 4.68. 
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T-IRLE 11. 
Loss of Sulfonaniitlc Rc~sist:inrr~ i)r I v i v o  I ) ?  :t Moderately Hr&stant Strain of Pneuniococcus. 

No. of deaths S v g  hrs 30-day 

Organisms of test 1)assages* organisnls intint t infected 1 2 3 4 5 6 7-30 that  died No. 70 

so. of Sl . of So. of Days af te r  infection survival survivors 
Date mouse infecting Trcat- mice , of mice I-, 

McLeod, type I 
P47, Resistant 1/8/41 40 

1/28 60 

6/14 1.30 

3/15/42 22.5 

9/10 325 

9 / 2 i / 4 3  470 

SV-I, Parelit 1/8/41 40 

1/93 cio 

1/15/42 225 

500 S1’ 

900 S€’ 

200 SI’ 

0 

0 

0 

0 

0 

(-) 

4 i 8  SI’ 

140 SL’ 

340 SI’ 

350 S1’ 

580 SZ’ 

470 SP 

850 Sl’ 

410 sip 

0 

0 

0 

0 

0 

30 0 0 7 9 5 0 9  
10 0 9 1 0 0 0 0  
30 0 0 7 1 4  2 2 1 
10 0 9 0 0 0 0 0  
3 0  0 0 0 8 3 5 12 
10 1 7 3 0 0 0 0  
10 0 0 0 4 0 0 3  

5 0 5 0 0 0 0 0  
10 0 0 0 0 0 0 0  

5 0 5 0 0 0 0 0  
“0 0 0 0 0 1 0 3  
10 0 10 0 0 0 0 0 

30 0 0 0 0 0 0 1  
10 0 5 3 0 0 0 1  
“9 0 0 0 0 0 0 0  
10 0 9 0 0 1 0 0  
10 0 0 0 0 0 0 1  
5 0 5 0 0 0 0 0  

10 0 0 0 0 0 0 0  
5 0 5 0 0 0 0 0  

20 0 0 0 0 0 0 1  
10 0 10 0 0 0 0 0 

113 0 0 
40 0 0 
86 4 13 
41 1 10 

139 2 7 
42 0 0 

124 3 30 
28 0 0 
L 10 100 

267 16 80 
32 0 0 

34 n o 

- 29 97 
67 3 10 
c 29 100 

- 9 90 
39 0 0 
- 10 100 
39 0 0 
- 19 95 
32 0 0 

50 n o 

* =u’uinl)cr of niouse pass:tgc’s itfttbr tllesc str:rins ivc~rc rwciwtl  from I)r. C. 11. MacLeod. 
t Treatment consisted of 20 nig doses of sulf:rpyridinc~, nclministcwd 2, 8 and 14 hours a f te r  infection, 

and every 8 hours thereafter for  5 additional d:q-s ; 0 indicates no treatment. 

ings reported above. .4n in vivo, the resistant 
McGovern, CH, CH.4, and Wistuba strains 
showed no significant changes in response to 
sulfapyridine throughout the 3-year period. 
Likewise, the parent McGovern, CH, CH-4, 
and Wistuba strains did not change in their 
reactions. 

As in the in vivo experiments, the P47 
strain lost its resistance in vitro. In the first 
experiment this strain grew in 10 mg % 
su1fapyridine.t Nine months later and at  all 
times thereafter, the P47 strain was unable 
to grow in more than 2.5 mg % sulfapyridine. 
The data suggest that loss of resistance in 
vitro preceded the loss in vivo. The sensitive 
parent strain did not change in sulfapyridine 
sensitivity throughout the 3-year period. 

Comment. The above data would seem to 
indicate that in some instances acquired sul- 
fonamide resistance is a permanent charac- 
teristic, whereas in other cases it is merely a 
transitory property. I t  is noteworthy that 
the 4 resistant strains of pneumococcus which 
showed no change in sulfonamide response 
were highly resistant a t  the start of this study. 
On the other hand, the fifth strain, which 
became more responsive, was only moderately 
resistant at  the outset. This loss of resistance 
by pneumococci which have acquired only 
moderate resistance has been observed previ- 
ously in both experimental4 and clinical5 
studies. 

Previous work6 on the development of sul- 
fonamide resistance in pneumococci suggests 

t According to the da ta  reported by MacLeod,:! 
the P47 strain grew in  1/16,000 sulfapyridine 
(6.2 mg 70) i n  serum broth a s  compared with 
1/160,000 (0.6 mg 70) fo r  the SV-1 parent strain. 
The differences in  inhibiting concentrations found 
in his work and  those found in  this laboratory 
may be due to  differences in experimental teclinics. 

4 Dettwiler, H. A., and  Schmidt, L. H., J. Bioi 
Chem., 1940, 133, Ixxxv. 

3 Hamburger, M., Jr., Schmidt, L. H., Sesler, 
C. L., Ruegsegger, J. M., and Grupen, E. S., J. Inf. 
Dis., 1943, 73, 12. 

GSchmidt, L. H., and Sesler, C. L., J. Pharm. 
and Exp.  Therap., 1943, 77, 165. 
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TABLE 111. 
Retention or Loss of Sulfonamide Resistance in Vitro by 5 Strains of I'ncuniococcus. 

Highest concentration of sulfapyridine 
permitting visible growth in 24 hr 

r \ 

Resistant strain Parent strain 
Organism Date of test mg 70 mg % 

McGovern, type I 1/14/41 
9/28/43 

CH, type I1 

CHA, type I11 

1/10/41 
9/28/43 

1/20/41 
9/28/43 

Wistuba, type I11 1/23/41 
9/28/43 

P47, SV-1, type I 1/ 8/41 
10/16/41 
3/ 5/42 
8/12/43 

20 
20 

80 
80 

40 
80 

40 
40 

10 
<2.5* 

2.5 
2.5 

<5* 
5 

<5" 
2.5 

5 
2.5 

5 
2.5 

<5* 
0.6 

<0.6* 
1.25 

* Lowest sulfapyridine concentration used in this test. 

that the retention or loss of resistance prob- 
ably depends on the homogeneity of the 
organisms composing a particular resistant 
strain. This earlier work showed that devel- 
opment of a resistant strain involves a step- 
wise formation of pneumococci of increasing 
resistance, with selective propagation of the 
more resistant organisms in the culture and 
consequent elimination of the more sensitive 
bacteria. Thus the more resistant a strain 
becomes, the less likely it is to contain sensi- 
tive organisms. Such highly resistant strains 
as McGovern, CH, lCHA, and Wistuba are 
probably composed solely of highly resistant 
organisms. On the other hand, moderately 
resistant strains like P47 and our earlier 
CHA4 probably contained both moderately 
resistant and sensitive organisms. These 
latter strains may in time lose resistance if the 

particular sensitive organisms are better able 
to grow in the mouse or artificial culture 
medium than are the moderately resistant 
organisms. 

The practical implications of these observa- 
tions on the retention of sulfonamide resistance 
are obvious. Dissemination of highly resistant 
organisms would probably be a considerable 
hazard; dissemination of moderately resistant 
organisms would be a much less serious 
problem. 

Conclusions. Strains of pneumococcus 
which have acquired a high degree of re- 
sistance to the sulfonamides retain that re- 
sistance for an indefinite period. Strains 
which have acquired only a moderate degree 
of resistance may lose this characteristic after 
removal from contact with a sulfonamide. 




