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S tudies  of c l i n i c a l  i n fec t ions  among pa t i en t s  with se l ec t ed  malignant 
d i sease  revealed an o v e r a l l  i n fec t ion  r a t e  of 4.5 i n fec t ions  per 100 pa t i en t -  
months observed. These rates were seen t o  increase  during increas ing  
d e b i l i t y ,  i r r a d i a t i o n ,  o r  treatment w i t h  chemotherapeutic drugs.  Increased 
rates could not be demonstrated during t h e  period of treatment wi th  adrenal  
c o r t i c a l  s t e r o i d s .  
high r a t e s  of i n f e c t i o n  i n  the  lat ter s t ages  of l i f e ,  i n  t h e  e a r l i e r  s t ages  of 
d i sease  x-ray therapy was assoc ia ted  with much higher  r a t e s  than chemotherapy. 
A g r e a t e r  frequency of i n fec t ion  following i r r a d i a t i o n  from low vol tage  sources 
as compared t o  high vol tage  sources was noted. 

While x-ray and chemotherapy were assoc ia ted  wi th  s i m i l a r l y  

S tudies  of i n f e c t i o n  i n  mice with Neisseria meninz i t id i s  revealed 
increased s u s c e p t i b i l i t y  among mice rece iv ing  400 r t o t a l  body i r r a d i a t i o n  and 
challenged t h r e e  days pos t - i r r ad ia t ion .  A l t e ra t ion  of t h e  meningococcus t o  
produce L-forms r e su l t ed  i n  a s t r a i n  equal ly  as v i r u l e n t  for mice as t h e  
parent  s t r a i n .  P e n i c i l l i n  treatment protected both normal and i r r a d i a t e d  
mice from deaths  due t o  t h e  parent  s t r a i n .  
p a r t i a l l y  protected normal mice and f a i l e d  t o  p ro tec t  i r r a d i a t e d  mice from 
deaths  due t o  t h e  L-forms. 

P e n i c i l l i n  treatment only 

7. Key words: Cancer chemotherapy; 
In fec t ions  following r ad ia t ion ;  
L-forms, meningococci; 
Malignant d i sease ,  c l i n i c a l  i n fec t ions ;  
Meningococcal i n f e c t i o n s  in mice; 
Radiation ; 
Ste ro ids  and i n f e c t i o n  
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In t roduct ion  
I- 

'lhi.9 i s :  the  f i n d  i fiulTtl 8 , f  rt;sv:trch contrac t  No. DA-49-193-E.(D-2719 
v i t i t l e d  '!:;l.iriiwl. and kbo,4rilr:l .:tr!d!es of I n l e c t i o u  i n  Debil.lt:itf!d S t a t e s  
Fnl. 1.owiq; ir.n?:- i ':F? i *!. 3 ,111 qnd ? : r i l i w L m e . t  i c ;?rtr,~:s" covering t h e  abbreviated 
period Frhrui ty  ! .  l&5> ,  t o  June :!I, N65. i t  is divided i n t o  two pa r t s .  

i ' a t t  1 i 4  a r r t rmucc t . i ve  st:ldy o f  p a t i e n t s  f i r s t  admitted t o  the 
U n i v e r s i x  , , f  ! fh , r - ; ! u ;  ! h , > < p i t z l s  i n  19!5(1 x: f - t t  se l ec t ed  malignant d i sease .  
I n f e c t i o n  r.?:c%s .?E ~Ir~!~+:.minr~i fo r  each of ti l-  var ious condi t ions s tud ied .  
'[!lese ra te9 a r e  s"eii  t u  iiicren!:e t w - f o l d  c!urj~np. the  period of ra:iation 
i:herapy and chemotherans whei i  compared with the  30 day period immedi.ately 
preceding such therapy .  An increase  in i n f e c t i o n  r a t e  during treatment with 
adrenal  c o r t i c a l  s t e r o i d s  could not be  demonstrated. Deh i l j t y  i s  assoc ia ted  
wi th  increased i n f e c t i o n  r a t e s  indepcndent of the  inf luence  of t rea tment .  

There i s  some suggest ion t h a t  chemotherapy and r a d i a t i o n  therapy increase  
i n f e c t i o n  r a t e s  by d i f f e r e n t  mechanisms. I n f e c t i o n  r a t e s  during both forms 
o f  therapy a r e  s i m i l a r  i n  the l a t t e r  one-half  of observat ion of a deceased 
p a t i e n t ' s  l i f e ,  but r a t e s  following r a d i a t i o n  therapy exceed by t h r e e  times 
t h e  r a t e s  fol lowing chemotherapy during the  i n i t i a l  one-half of t h e  per iod 
o f  observa t ion .  I n  addi t ion ,  almost a l l  i n fec t ions  following chemotherapy 
were as soc ia t ed  wi th  leukopenia, while  only 50 per cent  of i n fec t ions  following 
r a d i a t i o n  therapy were assoc ia ted  wi th  leukopenia. 
i r r a d i a t i o n  from low vol tage  sources  occurred more f requent ly  than in fec t ions  
following i r r a d i a t i o n  with high vol tage  sources .  

I n f e c t i o n  following 

Par t  I1 is a labora tory  s t u d y  of  t h e  in f luence  of i r r a d i a t i o n  on 
i n f e c t i o n  i n  mice with an a l t e r e d  s t r a i n  of  Neisseria meningi t id i s .  
a l t e r e d  s t r a i n  was derived from an L colony and demonstrated p e n i c i l l i n  
r e s i s t a n c e  and increased p o t e n t i a l  t o  L-formation. 
t o  grow as  a b a c t e r i a l  form on 5 per  cent  blood agar  and as  an L-form on 
20 per  cent  serum agar  with added p e n i c i l l i n .  The pa thogenic i ty  of  t h i s  s t r a in  
was e s t ab l i shed  i n  mice and was shown t o  be equal  t o  t h a t  of  t h e  parent  s t r a i n .  
P e n i c i l l i n  therapy protected both i r r a d i a t e d  and non- i r rad ia ted  mice from t h e  
parent  s t r a i n ,  bu t  on ly  p a r t i a l l y  pro tec ted  non- i r rad ia ted  and f a i l e d  t o  p ro tec t  
i r r a d i a t e d  mice from t h e  a l t e r e d  s t r a i n .  

This 

It showed equal  p o t e n t i a l  

Par t  I. A Study of I n f e c t i o n  Amonv Pa t i en t s  with D e b i l i t a t i n g  
Diseases a t  t h e  University of  Chicago Hospi ta l s  

A r e t r o s p e c t i v e  cha r t  survey t o  determine t h e  incidence of  i n f e c t i o n  and 
t h e  inf luence  of  treatment wi th  ion iz ing  r ad ia t ion ,  radiomimetic drugs,  o r  
an t imetabol ic  chemotherapeutic agents  on i n f e c t i o n  w a s  done as a prel iminary 
approach t o  prospec t ive  s t u d i e s  of such p a t i e n t s .  

Mater ia l s  and Methods 

A l l  p a t i e n t s  f i r s t  admitted t o  t h e  Universi ty  of Chicago Hospi ta l s  i n  
1960 wi th  t h e  d iagnos is  of chronic  lymphatic leukemia, Hodgkin's d i sease ,  
reticulum c e l l  sarcoma, lymphosarcoma, m e t a s t a t i c  carcinoma of  t h e  b r e a s t ,  o r  
m e t a s t a t i c  carcinoma o f  t h e  lung were s tud ied .  De ta i l s  of  t h e  c l i n i c a l  course,  
t reatment  received,  and in fec t ions  encountered were recorded. Exact d a t e s  and 
t o t a l  dose of  x-ray o r  drug therapy were noted i n  each in s t ance .  
purposes of  t h i s  s tudy  i n f e c t i o n  was defined as t h e  occurrence of  an adequately 
documented c l i n i c a l l y  recognizable  i n f e c t i o n  which caused t h e  physician t o  
change e x i s t i n g  therapy o r  t o  i n s t i t u t e  new therapy. Purposeful ly  excluded 

For t h e  
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from t h i s  survey were upper r e s p i r a t o r y  infect ions,  acu te  exacerbat ions of 
chronic  b ronch i t i s ,  nayrnptonatic bacteremia,  or  the autopsy diagnosis of  patchy 
o r  foca l  brunchopneurnonia or  pyelonephrit-is .  

Resul ts  

A total .  of 85 such p a t i e n t s  were s tud ied ,  and 43 of t hese  had a 
c l i n i c a l  i n f e c t i o n  d u r i n g  the  course of t h e i r  follow-up (Table 1 ) .  Table 2 
l i s t s  t h e  types of i n fec t ion  encountered i n  each d i sease  category.  There 
were 47 b a c t e r i a l ,  7 v i r a l ,  and 5 fungal  i n fec t ions  encountered. 

Table 1 

The Incidence and Type o f  C l i n i c a l  I n f e c t i o n  Among Selec ted  P a t i e n t s  
wi th  Malignant Disease F i r s t  Treated a t  t h e  

Univers i ty  of Chicago Hospi ta l s  i n  1960 

Disease P a t i e n t s  Number wi th  To ta l  Type of  I n f e c t i o n  
I n f e c t i o n  In fec t ions  B a c t e r i a l  Viral Fungal 

Chronic lymphatic 
leukemia 

Hodgkin's d i sease  

Reticulum c e l l  
sarcoma 

Lymphosarcoma 

Carcinoma, 
b r e a s t  

Carcinoma, lung 

To ta l  

8 

10 

I!& 

18 

19 

26 
- 
65 

7 

5 

2 

10 

8 

11 
- 
43 

9 

6 

6 

14 

10 

14 
- 
59 

8 

3 

5 

10 

9 

12 
- 
47 

1 0 

2 1 

0 1 

3 1 

0 1 

1 1 
- a 

7 5 
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Table 2 

-I Clinical Infections Among 85 Patients 

Chronic_ l,LRh!tic LeukemG 

* Staphylococcal ahscesq, pncumonia, 
* Staphylococcal pyoderma with 

and bactcremia 

septicemia 

conjunctivitis 
Superficial pyoderma and 

Staphylococcal pyoderma 
Scrotal abscess due to beta 
streptococcus 

* Acute pyelonephritis with bacteremia 
Urinary tract infection (2) 
Herpes zoster 

Hodgkin's Disease 

* Bacterial pneumonia (all lobes) 
Acute pneumonia 

* E. coli bacteremia 
* Herpes zoster 
Chickenpox 
Monilia infection, mouth 

Reticulum Cell Sarcoma 

* E. coli pneumonia 
Acute bacterial pneumonia 
Acute bronchopneumonia 
Staphylococcal postoperative 
wound infection 

Acute pyelonephritis 
Monilia vaginitis 

Carcinoma o f  Breast 

+ * E. coli pneumonia 
Postoperative pneumonia * Pnewvcoccal meningitis 

* Cram negative bacteremia, E. coli 
* Gram negative bacteremia. Proteus 
Urinary tract infection (3) * Urinary tract infection with 
pyohydronephrosis 

+ * Candida pharyngitis and esophagitis 

Carcinoma of Lung 

* Staphylococcal pneumonia 
Bronchopneumonia 
Acute pneumococcal pneumonia 

* Bronchopneumonia 
Tooth abscess and pneumonia 
Pneumonia 
Pneumonia with lung abscess 

Postoperative wound infection 
* Acute bronchopneumonia 
* Soft tissue abscess, gama 

streptococcus 
Urinary tract infection * E. coli bacteremia 
Herpes zoster 
Oral moniliasis 

Lvmphosarcoma 

FUO (responded dramatically to antibiotics) 

Beta streptococcus pharyngitis (severe) 
* Bronchopneumonia 
* Acute bronchopneumonia 
* Abdominal abscess (postoperative) 

+ * Sub-diaphragmatic abscess (postoperative) 
Otitis media due to staphylococcus 
Urinary tract infection (3) 
Herpes simplex (lip, cheek, neck) 

+ * Generalized cytomegalic inclusion 
disease (salivary gland virus) 

Herpes simplex 
Oral moniliasis 

* Infection associated with death. 
+ Infection occurred simultaneously with another. 
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Table 3 qhows the  i n f e c t i o n  ra tes  per !OO patient-months fol!.owing each 
type of  thcrany.  A t o t a l  , , f  24 in fpc t ions  occurred during t h e  936 months 
pat ient :  veic observcc' xvi!. ' i r~,t  thernpy for  a r a t e  of 2.6 in fec t ions  per 100 
paticnt-mo;iths,  'This  r a t e  I J A S  found t o  increasn two-fold during the months of 
s t e r o i d  therapy and fog; - f o l d  du r i i i g  t h e  months  o f  x-ray o r  chemotherapy. 

Table 3 

In fec t ion  Rates During Various Types of Therapy 

Type of Therapy Observed In fec t ions  Rate per  100 
P a t i e n t  -Months Pat ient-Months 

None 936 
X-ray 135 
S te ro id  160 
Chemotherapy 55 
Combined 44 

24 2.6 
16 11.9 
a 5.0 
6 10.9 

11.4 5 - - 
Tota l  1,322 59 4.5 

P a t i e n t s  a r e  o f t e n  only treated, however, at  a time when t h e i r  d i sease  is 
a c t i v e .  Deb i l i t y  may be g rea t e r ,  t he re fo re ,  during t h e  periods of therapy than 
dur ing  t h e  per iods of no therapy. 
r a t e s  is seen when these  r a t e s  a r e  compared f o r  t h e  30 day per iod immediately 
p r i o r  t o  therapy,  t h e  period dur ing  therapy,  and the  30 day period immediately 
following therapy.  
chemotherapy when compared i n  t h i s  manner. No increase  during s t e r o i d  therapy 
w a s  seen.  

A more p r e c i s e  e f f e c t  of therapy on i n f e c t i o n  

I n  Table 4 i n f e c t i o n  r a t e s  are seen t o  double during x-ray o r  

Table 4 

In fec t ions  Occuring Immediately P r i o r  t o ,  During, and 
Immediately Following Therapy 

Type of Therapy P r i o r  During Following 
Months I n f .  Rate Months I n f .  Rate Months I n f .  Rate 

X-ray 1 2 1  7 5 .8  102 12 11.8 142 8 5.6 

Chemotherapy 51 4 7.9 91 1 2  13.2 41 4 9.8 

S te ro id  39 6 15.3 243 12 4.5 14 3 21.2 

Table 5 shows t h e  number of  i n fec t ions  occurr ing  among p a t i e n t s  who 
received s t e r o i d  therapy.  
t h e  drug t h e r e  were 9 i n f e c t i o n s ,  while  only 12 in fec t ions  occurred i n  t h e  
204 months i n  which they d i d  t ake  t h e  drug. 

Of 113 months when these  p a t i e n t s  were not tak ing  

Washington National Record Center 
Oflice of the Army Surgeon General 
Record Group 112 
Accession #: 634 - 4s \3 
Box #: 
File: 



Tab1.e 5 

C l i n i c a l  Infc-ctions Among Pa t i en t s  Treated with S te ro ids  
- 
Disease Months not In fec t ions  Months I n f e c t  ions 

Receiving Receiving 
Sceroids S te ro ids  

Chronic lymphatic 24 
leukemia 

1 95 5 

Hodgkin's d i sease  24 2 18 1 

Reticulum c e l l  1 
sarcoma 

0 3 0 

Lymphosarcoma 64 6 88 6 

Tota l  113 9 204 12 

- - - - 

While therapy was shown t o  have a d e f i n i t e  e f f e c t  on i n f e c t i o n  r a t e s  i n  
t h e s e  p a t i e n t s ,  a comparison of deceased p a t i e n t s  and p a t i e n t s  s t i l l  a l i v e  
(Table 6) r evea l  t h a t  d e b i l i t y  a l s o  leads to increased i n f e c t i o n  r a t e s .  O f  
865 patient-months observed f o r  p a t i e n t s  s t i l l  a l i v e  at t h e  time of  t h i s  s tudy,  
t h e r e  were 13 in fec t ions  f o r  a r a t e  of  1.5 in fec t ions  per  100 p a t i e n t -  
months. This r a t e  was increased f ive - fo ld  in deceased p a t i e n t s  i n  whom 47 
i n f e c t i o n s  were observed i n  607 patient-months f o r  a r a t e  of 7.8. This e f f e c t  
w a s  a l s o  seen when i n f e c t i o n s  were tabula ted  f o r  each p a t i e n t  according t o  t h e  
f i r s t  h a l f  of t h e  per iod of observat ion and the l a s t  h a l f  of t h e  per iod of  
observa t ion  (Table 7) .  

Table 6 

Incidence of C l i n i c a l  I n f e c t i o n  Among P a t i e n t s  S t i l l  Living 
Compared w i t h  Those Deceased 

Deceased Pa t i en t s  Live P a t i e n t s  
Disease Pt.-Months I n f .  I n f .  per 100 Pt.-Months I n f .  I n f .  per  100 

Observed P t  . -Months Observed Pt.-Months 

Chronic lymphatic 94 6 6.4 148 4 2.7 
leukemia 

Hodgkin's d i sease  72 4 5.6 236 2 0.9 

Re t i cu lum c e l l  6 1 - 100 1 1.0 
sarcoma 

Lymphosarcoma 103 1 2  1 1 . 7  289 6 2.2 

Carcinoma,breast 164 10 6.1 92 0 - 
Carcinoma, lung - - - - - - - - - 8.3 14 169 

Tota l  608 47 7.8 865 13 1 .5  
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Table 7 

C l in i ca l  ln fecLiom During ;.'otai Perlod ( ~ f  Observation of Deceased 
1-ar ients  C i s t r i h u t e d  by T ime  of Occurrence 

.. . . -- . -. .. ..- 
Dieease ;:atients Months Average (ILservaLion Period k i f .  per  100 
---. ~ 9bsecveJLo)igevi t .y  1 s t  Half Last,- Pt.-Months 

Cnmnic lymphatic 4 94  27.0 1 5 7.0 
leukemia 

ilodgkin's d i sease  4 72 18 .o 0 4 5.6 

Reticulum c e l l  2 h 3.0 0 1 - 
Lymphosarcoma 11 100 9.1 5 7 12.0 

Carcinoma, b r e a s t  11 93 8.5 4 6 10 .a 
Carcinoma, lung 9 70 7.8 - 3 - 4 10 .o 

sarcoma 

13 27 

T h a t  t h e  increased r a t e s  observed in t h e  l a t t e r  period of  observa t ion  and i n  
deceased p a t i e n t s  was not due t o  increased amount of time exposed t o  r a d i a t i o n  o r  
chemotherapy by t h e s e  p a t i e n t s  is shown i n  Figure 1 which g raph ica l ly  represents  the  
amount of  time s p e n t  by t h i s  group of  p a t i e n t s  undergoing e i t h e r  x-ray,  s t e r o i d ,  
chemotherapy, combined, o r  no therapy during t h e  i n i t i a l  one-half  o r  te rmina l  one- 
h a l f  of  t h e  per iod of  observat ion.  
t h e  amount of time s p e n t  undergoing t reatment  in t hese  two per iods .  

As can be seen there is no marked d i f f e r e n c e  i n  

Figure 1 

Percentage of Time Spent Under Various Therapeutic Regimens 
by Deceased P a t i e n t s  D i s t r ibu ted  i n  t h e  I n i t i a l  One-Half 
and Terminal One-Half o f  t he  Tota l  Period of  Observation 

50 6o h I n i t i a l  one-half of  
period of  observa t ion ,  

1 
40 

10 

Terminal one-half  of  a period of observat ion.  

No X-ray S t e ro ida  Chema - Combined 

Terminal one-half  of  a period of observat ion.  

No X-ray S t e ro ida  Chema - Combined 
Therapy therapy 
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In fec t ion  r a t e s  fo l lowing  r a d i a t i o n  therapy and chemotherapy given during 
t h e  i n i t i a l  and tr.-minal periods of observat ion a r e  given i n  Table 8. In fec t ion  
r a t e s  during the  terminal  one-half  o f  the  w r i o d  of  :)bservntion were q u i t e  
h i g h  an4 si!,lila:. 1:Jr ! s r ' ~ 1 1  Lypcs  of  t h e r a : .  ( ' t 6 . 9  and 2 7 . 2  per 100 patient-months).  
During t h e  i n i t i a l  p e c i o d  A f  o'.d,eL..vi!:i,$i:, l r I v  cve i ,  t h c  in€ec t ion  r a t e  following 
chemotherapy was found ! o  I f ?  4 . : .  as coxpared t o  1 2 . 9  per 103 patjent-months 
following r a d i a t i o n .  Almost a l l  i n fec t ions  following chemotherapy were 
assoc ia ted  w i t h  depression of the  t o t a l  leukocyte count below 5,000 per  nun3 
while  in fec t ions  following x-ray occurred equal ly  as  f requent ly  among ind iv idua l s  
whose leukocyte count was not depressed (Table 9 ) .  

Table 8 

Incidence of C l i n i c a l  In fec t ion  Associated with Chemotherapy and X-ray I n  t h e  
I n i t i a l  h e - H a l f  Compared t o  t h e  Terminal h e - H a l f  of t h e  Period of Observation 

Treatment I n i t i a l  One-Half L a t t e r  One-Half 
Pt.-Months In f .  Rate/100 Pt.-Months I n f .  Rate/100 

~- 

Chemotherapy 48 2 4.2 44 12 27.2 

X-ray 62 a 12.9 41 11 26.9 

Table 9 

Clinical I n f e c t l o n  Following Treatment i n  Rela t ion  t o  Ef fec t  
on Leukocyte Count 

Treatment Below 5000 Not below 5000 
Number In fec t ions  Number In fec t ions  

Chemotherapy 22 12 11 1 

X-ray 44 11 40 a 

Table 10 s h  ws t h e  frequency of  i n f e c t i o n  following high vol tage  ( l i n e a r  
a c c e l e r a t o r  o r  CO ) sources  as  compared t o  low vol tage  (250 SV) sources .  Of 
60 t rea tments  with high vol tage  sources  t h e r e  were 10 in fec t ions  f o r  a r a t e  of  
16.7 per cen t .  Of 40 t rea tments  w i th  a low vol tage  source t h e r e  were 11 in fec t ions  
f o r  a rate of  27.5 p e r  cen t .  

80 

Table 10 

C l i n i c a l  I n f e c t i o n  Following Therapy wi th  L o w  Voltage and High 
Voltage Radiat ion 

Type Treatments In fec t ions  Per cent  

Low vol tage  40 
High vol tage  60 

11 27.5 
10 1 6 . 7  
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Conclusions 

The ca l cu la t ion  of r a t e s  o f  i n f e c t i o n  i n  var ious d i sease  s t a t e s  i s  a 
beginning approach t o  epidemiological s t u d i r s  of i n f e c t i o n s  occurr ing  among 
indiv idua ls  rece iv ing  var ious p o t e n t  t he rapeu t i c  programs which a l t o r  hos t  defenses  
and inunune mechanisms. The experience w i t h  i n fec t ions  among t h i s  s e l ec t ed  sample  
o f  p a t i e n t s  i s  no t  , i n l i k e  the  experience of o thers  working i n  l a rge  cancer cen te r s .  
That i n fec t ion  l a t e $  a r e  increased a t  the  time of x-ray o r  chemotherapy i s  not 
unexpccted. Somewhat unexpected, however, i s  t h e  f a i l u r e  t o  demonstrate increased 
in fec t ion  r a t e s  w i t h  s t e r o i d  therapy. 
i n  i n f e c t i o n  warrants  recons idera t ion .  
Kirsner,  J.B. Ste ro id  therapy and in fec t ions .  J . A . M . A .  188:680, May 18, 1964) 
have r ecen t ly  rendered t h i s  opinion i n  an e d i t o r i a l  based on t h e i r  huge 
experience i n  c l i n i c a l  gastroenterology.  Perhaps t h e r e  is b e n e f i c i a l  e f f e c t  of 
adrenal  c o r t i c a l  s t e r o i d s  i n  d e b i l i t a t e d  p a t i e n t s .  

It would appear t h a t  t h e  r o l e  of s t e r o i d s  
Sparberg and Kirsner  (Sparberg, M. and 

Deb i l i t y  among t h i s  group of p a t i e n t s  was considered t o  correspond t o  t h e  
l a t t e r  one-half of t h e  period of observat ion p r i o r  t o  t h e i r  death.  
i n f e c t i o n s  were encountered i n  t h i s  per iod a s  were encountered i n  t h e  i n i t i a l  
one-half of  t h e  period of observat ion.  
among p a t i e n t s  deceased than among those s t i l l  l i v i n g .  It is bel ieved t h a t  t hese  
d i f f e rences  a r e  not due t o  a g r e a t e r  i n t e n s i t y  of treatment p r i o r  t o  death,  s i n c e  
s u r p r i s i n g l y  l i t t l e  d i f f e rence  i n  t o t a l  t i m e  spent  under therapy could be de tec ted  
during t h e  two per iods.  
p a t i e n t s  ( p a t i e n t s  i n  t h e  terminal  one-half o f  t h e  period of observat ion)  undergoing 
x-ray o r  chemotherapy. 

Twice as many 

I n f e c t i o n  rates were considerably higher  

Highest i n f e c t i o n  r a t e s  were encountered among d e b i l i t a t e d  

The demonstration of increased i n f e c t i o n  r a t e s  following x-ray o r  
chemotherapy f a i l s  t o  g ive  any lead as  t o  t h e  mechanism by which such in fec t ions  
a r i s e .  Nevertheless t h e r e  is  some suggest ion t h a t  whatever the  mechanism, i t  i s  
probably not t h e  same. While both x-ray and chemotherapy give similar i n f e c t i o n  
rates i n  d e b i l i t a t e d  p a t i e n t s ,  t h e  r a t e  of 12.9 in fec t ions  per 100 patient-months 
fol lowing x-ray therapy i n  t h e  i n i t i a l  one-half o f  t h e  period of observa t ion  
exceeds by three- fo ld  t h e  r a t e  of 4.2 following chemotherapy i n  t h a t  same period. 
Furthermore, almost a l l  of  t h e  in fec t ions  encountered following chemotherapy 
were as soc ia t ed  wi th  leukopenia w h i l e  t h i s  a s soc ia t ion  could not be made f o r  
i n f e c t i o n s  following x-ray. 

Among t h i s  group o f  p a t i e n t s  x-ray therapy wi th  low vol tage  sources  
was assoc ia ted  more f requent ly  w i t h  i n f e c t i o n  than therapy wi th  high vol tage  
sources .  
f o r  t h i s  increase .  A t  least t h r e e  of t h e  eleven in fec t ions  following low 
vol tage  i r r a d i a t i o n  were i n f e c t i o n s  d i r e c t l y  invading through t h e  area of s k i n  
o r  mucous membrane being i r r a d i a t e d .  

The g r e a t e r  s k i n  erythema e f f e c t  of  low vol tage  x-ray may account 

Par t  11. Laboratory S tudies  of the  Inf luence of  Radiation on 
In fec t ion  i n  Mice w i t h  Neisser ia  meningi t id i s  

Recent s t u d i e s  have ind ica t ed  t h a t  L-phase v a r i a n t s  of  b a c t e r i a  may a r i s e  -- i n  vivo i n  response t o  a n t i b i o t i c  therapy and be the  cause of p e r s i s t e n t  
i n f e c t i o n  o r  r e l apse  following therapy.  I f  such i s  t rue ,  these  L-phase v a r i a n t s  
may be e s p e c i a l l y  important i n  d e b i l i t a t i n g  d iseases  a t  t h e  time of  r a d i a t i o n  
o r  chemotherapy which depress  host  r e s i s t a n c e .  

I n  our  labora tory  we have a l t e r e d  a s t r a i n  of meningococcus t o  increased 
p o t e n t i a l  f o r  L-formation and t o  r e s i s t a n c e  t o  a n t i b i o t i c s  whose primary mode 
of a c t i o n  is  c e l l  wa l l  i n h i b i t i o n .  This a l t e r e d  s t r a i n  has equal  p o t e n t i a l i t y  
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t o  grow on ord inary  hac tc r io log ic  mcdia ind-s t inguishable  from i t s  parent  
s t r a i n  except f o r  a n t i b i o t i c  r e s i s t ance  and t o  grow i n  t h e  t y p i c a l  c h a r a c t e r i s t i c  
i -form on media suit;jt .le fC.1. S ~ I C ! ~  E r w L h ,  The following experinrents were 
performed t o  cornpaye I ! I E  i n fe< . t ions  with the  parent and a l t e r e d  s t r a i n  of 
meningococcus i n  i r r n j i a t c d  mice. 

Mater ia l s  and i l c t h u d r ,  
___II__ 

m: CF-1  females,  4 t o  6 weeks o ld ,  were used. A l l  the  mice challenged 
a t  one time came from a s i n g l e  shipment .  

- I r r a d i a t i o n :  Mice i.:ere i r r a d i a t e d  wi th  a 250 KV, 30 ma maxitron 250 
( h n e r a !  E l e c t r i c )  machine usin:! 0 . 2 5  mm copper and 1 nnn aluminum f i l t e r s  a t  
a t a r g e t  d i s t ance  of 79 cm and a dose r a t e  of  approximately 60 r per minute. 

Challenge organism: A group C s t r a i n  of  Neisser ia  meningi t id i s  i s o l a t e d  
from t h e  s p i n a l  f l u i d  of  a pa t i en t  with meningococcal meningi t is  was used. This 
s t r a i n  was maintained by weekly subpassage on 5 per  cent r a b b i t  blood agar  
incubated i n  5 per cent  CO2 (candle  j a r ) .  
repeated passage i n  mice. This s t r a i n  i s  he re in  termed the  parent  s t r a i n .  

Mouse v i ru l ence  was maintained by 

The parent  s t r a i n  was a l t e r e d  by producing t y p i c a l  L-colonies from a l a rge  
inoculum on t r y p t i c a s e  soy agar + 20 per cent  horse serum + 1000 mcg p e n i c i l l i n  
per m l .  Af te r  L-colonies were well e s t ab l i shed ,  1000 u n i t s  p e n i c i l l i n a s e  was 
added t o  t h e  media. 
L-colony could be seen t o  swarm. A t  t h i s  s t age  t h e  growth was picked up by a 
wire  loop and p l a t ed  on 5 per cent  blood agar .  
could be d i s t ingu i shed  from t h e  parent  s t r a i n  by t h e  ease  by which it produced 
L-colonies i n  t h e  presence of  p e n i c i l l i n  and by t h e  e a s e  with which such L-growth 
could produce b a c t e r i a l  type growth on blood agar .  

After a period of t h ree  t o  f i v e  days t h e  edge of t h e  

The growth of t h e  a l t e r e d  s t r a i n  

Inoculums: 
means of a wi re  loop i n  s t e r i l e  i s o t o n i c  sal ine t o  a s tandard dens i ty  
(approximately lo9 organisms per m l ) .  Ten-fold d i l u t i o n s  were made i n  g a s t r i c  
mucin ( H ad jus ted  t o  7.2) and the  b a c t e r i a l  count checked by p l a t i n g  0.1 m l  of  
t h e  lo-& and l o m 7  d i l u t i o n s .  

An 18-hour c u l t u r e  from a blood agar  p l a t e  was suspended by 

A l l  i n j e c t i o n s  were given in 1.0 m l  amounts by i n t r a p e r i t o n e a l  
i nocu la t ion .  

Autopsies: f i e ry  mouse which died was autopsied f o r  c u l t u r e  of  t h e  
h e a r t ’ s  blood unless  i t  had been ea t en  by i t s  cage mates. 
d ied  wi th  nega t ive  blood c u l t u r e  were excluded from t h e  m o r t a l i t y  da t a .  

Resul t s  

A few mice which 

The meningococcus is nonpathogenic f o r  mice. Even l a rge  numbers of  
organisms (up t o  l o 7  per ml) suspended i n  s a l i n e  f a i l e d  to cause death i n  
normal o r  i r r a d i a t e d  animals.  
however, a s i n g l e  organism may s u f f i c e  t o  cause death.  Table 11 shows a 
t i t r a t i o n  of t h e  parent  s t r a i n  suspended i n  s a l i n e  and var ious concent ra t ions  
o f  g a s t r i c  mucin i n  both normal and i r r a d i a t e d  mice. Within t h e  limits of  
t hese  experiments mice rece iv ing  400 r t o t a l  body i r r a d i a t i o n  and challenged 
on t h e  t h i r d  day post i r r a d i a t i o n  were more suscep t ib l e  than normal non- 
i r r a d i a t e d  c o n t r o l s .  
mucin k i l l e d  n ine  o f  t e n  i r r a d i a t e d  animals, while  only two of  f i v e  normal 
animals succumbed t o  a s i m i l a r  dose of organisms. 

If meningococci a r e  suspended i n  g a s t r i c  mucin, 

I n  t h i s  s e r i e s  103 organisms suspended i n  2 per  cent g a s t r i c  
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Table 11 

Inocula t ion  of  Parent S t r a i n  Neisseri.a mcningi t id i s  i n t o  Mice 
I----- 

Number of Organisms DeathslNumbar Inoculated 
Inoculated Unirradiatad 400 r 

107 i n  s a l i n e  
104 i n  1% mucin 
103 i n  1% mucin 
103 i n  27. mucin 
102 i n  4% mucin 
10 i n  4% mucin 
1 i n  4% mucin 

014 
3 / 4  
0 / 4  
2/5 
414 
3 / 4  
214 

014 
3 / 4  
0 / 4  
9/10 

4% mucin con t ro l  0110 0 / 4  

Table 12 shows s i m i l a r  da t a  f o r  t h e  a l t e r e d  s t r a i n  of meningococcus and 
confirms t h e  pa thogenic i ty  o f  t h i s  organism. 
s u s c e p t i b l e  t o  t h i s  s t r a i n .  
seven died while  only four  of  f i f t e e n  normal animals succumbed t o  a similar dose. 

I r r a d i a t e d  mice were a l s o  more 
Of 10 mice rece iv ing  lo3 organisms i n  2% mucin, 

Table 12 

Inocula t ion  of  Altered S t r a i n  Neisseria meningi t id i s  i n t o  Mice 

Number of Organisms DeathsINumber Inoculated 
Inoculated Unirradiated 400 r 500 r 

Controls 

3 10 in 2% mucin 
103 in 4% mucin 
102 i n  4% mucin 
10 i n  47. mucin 
1 in 42 mucin 

4 / 1 5  7/ 10 
10 / 10 515 515 
515 

014 
a i 9  

Mucin con t ro l  0/10 014 1 / 2 1  

* Died 16  days post  r a d i a t i o n  wi th  col i form in fec t ion .  

P e n i c i l l i n  therapy uniformly p ro tec t s  mice aga ins t  death due t o  
meningococcal i n f e c t i o n .  I f  t h e  a l t e r e d  s t r a i n  is  an L-form organism then 
p e n i c i l l i n  therapy should f a i l  t o  p ro tec t  mice in fec t ed  w i t h  such organisms. 
A s m a r y  of  experiments i n  p e n i c i l l i n  t r e a t e d  animals is shown i n  Table 13. 
I n  one series o f  experiments a l l  animals received lo5 organisms in 4 per cent  
g a s t r i c  mucin and were t r e a t e d  wi th  50 mcg p e n i c i l l i n  subcutaneously 2 and 6 
hours a f t e r  chal lenge.  A l l  mice r ece iv ing  t h e  parent  s t r a i n  survived including 
those  r ece iv ing  400 r t o t a l  body i r r a d i a t i o n .  Of 20 normal mice rece iv ing  
t h e  a l t e r e d  s t r a i n  5 succumbed t o  i n f e c t i o n  d e s p i t e  t reatment ,  while  14 of 
20 mice r ece iv ing  400 r and 11 of 12 mice rece iv ing  500 r t o t a l  body i r r a d i a t i o n  
died of  i n f e c t i o n .  
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'Table 13 

The Effect  of P e n i c i l l i n  Treatment mi I n f e c t i o n  i n  Mice wi th  the  
i'arent and an Altered S t r a i n  of N T s e r I . .  meningi t id i s  

Number of Organisms DeathsfNumber Inoculated 
Inoculated i n  4'1. hticin Parent S t r a i n  Altered S t r a i n  

Uni r rad ia ted  400 r Unirradiated 400 r 500 r 
Controls Controls 

105 RX A 

io5 RX B 

Mucin con t ro l s  

Of 14 0 /4 5/20 14/20 11 /12  

O f 6  4/6 616 

Of 10 014 014 112  

Rx A - Mice received t o t a l  of 100 mcg p e n i c i l l i n  G subcutaneously 2 and 6 
hours a f t e r  inocula t ion .  

Rx B - Mice received t o t a l  of 300 mcg p e n i c i l l i n  G subcutaneously given i n  
divided doses 2, 6, 24, and 48 hours a f t e r  inocula t ion .  

Continuing p e n i c i l l i n  therapy i n  another  series o f  experiments f o r  
48 hours post cha l lenge  pro tec ted  s ix  normal animals,  but t e n  of twelve i r r a d i a t e d  
animals succumbed t o  i n f e c t i o n  wi th  the  a l t e r e d  s t r a i n  d e s p i t e  t h i s  lengthened 
du ra t ion  of  p e n i c i l l i n  therapy.  

Conclusions 

A s t r a i n  of Neisser ia  meningi t id i s  has been a l t e r e d  t o  increased p o t e n t i a l  
f o r  L-formation. To our  knowledge t h i s  i s  t h e  first successfu l  production of  
meningococcal L-forms. O f  g r e a t e r  s i g n i f i c a n c e  is t h e  demonstration t h a t  t h i s  
a l t e r e d  s t r a i n  of  meningococcus w i l l  k i l l  normal mice. 
a s  an experimental  model f o r  t h e  s tudy  o f  t h e  r o l e  o f  L-forms i n  d i sease  
p a r t i c u l a r l y  under condi t ions  of  depressed host r e s i s t a n c e .  
c h a r a c t e r i s t i c s  of  t h i s  a l t e r e d  s t r a i n  w i l l  be t h e  sub jec t  o f  a published r epor t .  
The observa t ion  is not l imi t ed  t o  a s i n g l e  s t r a i n ,  as we have success fu l ly  
produced similar v a r i a n t s  i n  t h r e e  s t r a i n s  from two d i f f e r e n t  groups of Neisseria 
men ing i t id i s .  It is our  b e l i e f  t h a t  t h i s  phenomenon is un ive r sa l  t o  a l l  b a c t e r i a l  
spec ie s .  

As such it  should se rve  

The development and 

I n  t h i s  s e r i e s  of experiments i t  appears t h a t  p e n i c i l l i n  therapy at  least 
p a r t i a l l y  p r o t e c t s  normal mice from deaths  due t o  t h e  a l t e r e d  s t r a i n .  I n  t h i s  
regard,  L-form have been shown t o  grow more slowly than t h e i r  parent  s t r a i n s .  
We be l i eve  t h a t  the  a l t e r e d  s t r a i n  with i t s  equal  p o t e n t i a l i t y  t o  grow as a 
c l a s s i c a l  b a c t e r i a l  type  o r  a s  a c l a s s i c a l  L-phase v a r i a n t  m u l t i p l i e s  i n i t i a l l y  
as a c l a s s i c a l  b a c t e r i a l  c e l l .  As such it  i s  a t  least p a r t i a l l y  s u s c e p t i b l e  t o  
t h e  a c t i o n  of  p e n i c i l l i n .  I n  normal mice t h e  enhancing f a c t o r  of g a s t r i c  mucin 
is opera t ive  only  f o r  a period of s i x  t o  e ight  hours.  
mice are n a t u r a l l y  r e s i s t a n t  t o  i n f e c t i o n  with even massive numbers of  organisms. 
I f  t h e  host defenses  a r e  s u f f i c i e n t l y  a l t e r e d  f o r  a longer period of  time as 
wi th  t o t a l  body i r r a d i a t i o n ,  then t h e  slower growing L-form is ab le  t o  i n i t i a t e  

Af te r  t h a t  period then 
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i n f e c t i o n  I r a d i n a  io dr'.,L!i. ' , l w t h r r  o r  not t h e  a l t e r e d  s t r a i n  is i s o l a t e d  from 
:!ca.Ii? ' : ' ! -  ' -  ; +.-, :.: O '  intc?, p e n i c i l l i n  I ,e:i+.ad or not t r e a t e d ,  the  recovered 
rrgan-;sm r e t - l n s  f u  I: t h e  i, ope - . e ' :  o i  ; h e  . . ' te ,ret '  s t i . i ln .  i:r:udies ~ i l l  be 
E O T ~ '  Nb:x.c! t o  m o w  c o m ~ I c : ~ ~ l ; ~  cIururnci~t t h ,  '' '<,,que:ace of events ,  

:; - 
Studies < i f  c !  i r i i  c.11 ir:l::rt i on3  amoiig pa t i en t s  wi th  s e l e c t e d  malignant 

disease f i r s t  s t e -  a+ i ,i 'm c c r s i t y  ~ 3 f  Chicago dospi ta iP  i n  1990 revealed an 
3,drral l  i n f r c t i o n  n t c  o f  L . 5  i n f ix  t i ons  uc1 100 patient-months observed. These 
r a t e s  are seen t o  h a c  incrcazed during incr-casicg d e b i l i t y ,  i r r a d i a t i o n ,  o r  
t r e a t n e n t  w i t h  chcniotherapcutic agent!;. d ighest  r a t e s  were observed during t h e  
pcLiod of  x-ray U T  chemotlierapy i n  the l a t t e r  stages of l i f e .  Increased in fec t ion  
r a t e s  could not bc demonstrated during t h e  period of treatment w i th  adrenal  
c o r t i c a l  s t e r o i d s .  

'n'hile x-ray and chemotherapy were assoc ia ted  wi th  s i m i l a r l y  high r a t e s  
of i n f e c t i o n  i n  t h e  la t ter  s t ages  of  l i f e ,  i n  t h e  e a r l i e r  s t ages  x-ray therapy  
was a s soc ia t ed  w i t h  i n f e c t i o n  r a t e s  exceeding by t h r e e  times t h e  rates assoc ia ted  
wi th  Chemotherapy. A g r e a t e r  frequency of  i n f e c t i o n  fol lowing i r r a d i a t i o n  from 
low vol tage  sources  as compared t o  i r r a d i a t i o n  from high vol tage  sources  was 
noted. 

S tudies  of i n f e c t i o n  in mice with Neisseria meningi t idis  revealed 
increased  s u s c e p t i b i l i t y  among mice rece iv ing  400 r t o t a l  body i r r a d i a t i o n  and 
challenged t h r e e  days post i r r a d i a t i o n .  A s t r a i n  of  Neisseria meningi t id i s  was 
a l t e r e d  t o  increased L-formation. This s t r a i n  was equa l ly  a6 v i r u l e n t  f o r  mice 
as t h e  parent  s t r a i n .  P e n i c i l l i n  t reatment  pro tec ted  both normal and i r r a d i a t e d  
animals from deaths  due t o  t h e  parent  s t r a i n .  P e n i c i l l i n  treatment on ly  p a r t i a l l y  
pro tec ted  normal mice and f a i l e d  t o  p ro tec t  i r r a d i a t e d  mice from dea ths  due t o  
t h e  a l t e r e d  s t r a i n .  Organisms recovered from a l l  dead mice in fec t ed  wi th  t h e  
a l t e r e d  s t r a i n  d e m n s t r a t e d  f u l l y  t h e  p rope r t i e s  of  the  a l t e r e d  s t r a i n  and 
g rew wi th  equal f a c i l i t y  a s  a b a c t e r i a l  cell  o r  a s  an L-form. 


