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Table II. Comparison of the actual error due to haemolysis in lgG, 
IgM and IgA determinations with the calculated CARAWAY percentage 
error estimation for different values of plasma haemoglobin concen- 
tration 

% Error of 

Haemoglobin 
(g/d1) PCV IgG IgM IgA CARAWAY 

0 39.5 
1 36.7 3.9 2.3 3.5 2.9 
2 34.0 7.5 5.5 6.0 5.7 
3 31.2 11.6 7.7 8.3 8.3 
4 28.3 14.9 10.3 10.4 10.7 
5 25.6 19.0 13.0 12.4 13.1 
6 22.8 22.3 15.3 14.4 15.7 
7 20.0 25.8 18.0 17.3 17.4 
8 17.3 29.3 20.3 18.7 19.4 
9 14.4 33.5 23.0 21.3 21.3 

10 11.5 37.7 25.8 23.6 23.1 

p lasma  immunoglobu l in  levels Was found,  indicat ing 
t h a t  t r i sod ium c i t ra te  has no s ignif icant  effect  upon  the  
single radial  immunodi f fus ion  m e t h o d  and t h a t  b o t h  
se rum and  p lasma  immunoglobu l in  es t ima t ions  give 
comparab le  results .  

W h e n  a correct ion factor ,  der ived f rom the  ra t io  of 
haemolyzed  to  u n h a e m o l y z e d  PCV was appl ied  to  the  
observed  immunog lobu l in  value, a correc ted  immuno-  
globulin es t ima t ion  was ob t a ined  which  did no t  va ry  
s ignif icant ly  in p l a sma  t h r o u g h o u t  the  whole  range of 
possible  haemolysis .  

An express ion  based upon  the  re la t ive in t racel lular  and 
ext racel lu lar  concen t ra t ions  of a subs tance  has  been  

fo rmula ted  by  CARAWAY 11 which  gives an indicat ion of 
the  pe rcen tage  error  due to haemolys is  when  measur ing  
the  concen t ra t ion  of t h a t  substance .  The  pe rcen tage  error  
of extracel lu lar  fluid con t amina t i on  using CARAWAY'S 
formula  is de t e rmined  f rom the  p lasma  haemoglob in  
concen t ra t ion ,  and  is given by :  

3 h (c/s -- 1) 
Percentage error -- 1 + 0.03 h 

where  c = concen t ra t ion  of subs tance  in red blood cell, 
s = concen t ra t ion  of subs tance  in plasma,  h = haemo-  
globin concen t ra t ion  in p l a sma  (g/dl). 

The es t ima t ion  of p la sma  cons t i tuen t s  using CARAWAY'$ 
formula  gives calcula ted percen tage  errors which are in 
close ag reemen t  w i th  ac tua l  percen tage  errors,  de te rmined  
exper imen ta l ly  for m a n y  p lasma  cons t i tuen t s  a, and  ex- 
t end ing  the  use of th is  formula  to  our s tudy,  i t  shows 
good ag reemen t  b e t w een  calcula ted and  actual  percen tage  
errors p roduced  by  haemolys i s  (Table II).  

The resul ts  of the  p resen t  work  have  a d i rect  re levance 
to  the  de t e rmina t i on  of p la sma  and  serum immuno-  
globulins in clinical diagnosis  and  research.  F r e q u e n t l y  
blood specimens  sent  to  a l abora to ry  for analysis,  arr ive 
w i th  va ry ing  degrees of haemotysis .  I t  is no t  a lways pos- 
sible to  re ject  such specimens  because of t he  clinical s ta te  
of the  subjec t  especially in debi l i t a ted  pa t i en t s  or neo- 
na ta l  infants .  The ex t ra  error  in t roduced  into t he  results  
when  using such haemolyzed  samples  should  be acknowl-  
edged and  wherever  possible corrected.  The presen t  work  
indicates  some of the  l imi ta t ions  of measur ing  immuno-  
globulins in haemolyzed  sara and  provides  a m e t h o d  for 
possible correct ion of such es t imat ions .  

11 W. T. CARAWAY, Am. J. clin. Path. 37, 445 (1962). 

N a t i v e  R e s i s t a n c e  o f  Peromyscus maniculatus t o  Nematospiroides dubius I n f e c t i o n  

D. I. HEPLER and  D. C. LUEKER 1 

Department of Microbiology, college o/ Veterinary Medicine and Biomedical Science, Colorado State University, Fort 
Collins (Colorado, 80523, USA), 7 August 7975. 

Summary. Because of its na t ive  resis tance,  Peromyscus maniculatus can n o t  be a na tu ra l  hos t  for Nematospiroides dubius. 

Nematospiroides dubius, a t r i chos t rongylo id  paras i te  
of mice, was  f i rs t  descr ibed by  ]~AYLISg when  he isolated 
i t  as a paras i te  of t he  woodmouse ,  Apodemus sylvaticus. 
]~HRENFORD a rediscovered and  isolated th is  n e m a t o d e  
f rom the  deer  mouse,  Peromyscus maniculatus in 1954 
and  inves t iga tors  have  ma in t a ined  N. dubius in l abora to ry  
mice since t h a t  t ime.  Other  repor t s  of na tu ra l  infect ions 
of -P. maniculatus wi th  N. dubius are in t he  l i te ra ture  4, 5. 
However ,  BABERO and  MATTHIAS 4 found  only  4 adu l t  
worms in 3 infected Peromyscus mice. Indeed,  FORRESTER 6 
was unable  to  de tec t  any  N. dubius infect ions in 231 P .  
maniculatus mice t h a t  were examined .  Also FORRtgSTER 
and McL. NEILSON7 repor ted  no success in a t t e m p t s  to  
es tabl ish  p a t e n t  infect ions of N. dubius in P. maniculatus 
with  convent iona l  m e t h o d s  or w i th  350 rads  of T-radiat ion 
to  immunosuppre s s  the  mice pr ior  to paras i t ic  exposure.  

A t t e m p t s  to  infect  _P. maniculatus wi th  N. dubius 
util izing b o t h  l abora to ry- rea red  and wi ld - t r apped  mice 
of va ry ing  ages were also unsuccessful  in our  l abora to ry  
even when  larvae wi th  enhanced  virulence were used s. 

However  we now repor t  t h a t  infect ions of N. dubius can 
be es tab l i shed  when  _P. maniculatus mice are immunolog-  
icalIy suppressed  wi th  a s teroid hormone .  

Methods and materials. Peromyscus maniculatus mice 
were t r a p p e d  in t he  area sur rounding  F o r t  Collins, Colo- 
rado. Young  Peromyseus mice were ob ta ined  by  breeding  
f rom the  t r a p p e d  Peromyscus s tock in our own labora to ry ;  
ou tb reed ing  was careful ly  main ta ined .  Mice were housed  
in disposable  p l a s t i c  mouse  cages and  bedd ing  consisted 

1 We acknowledge the Western Regional No. 102 Project for support 
of this study. 

2 H. A. BAYLIS, Ann. Mag. nat. Hist. 18, 455 (1926). 
a IF. A. EHRENFORD, J. Parasit. 40, 480 (1954). 
4 B. B. BABERO and D. MATTHIAS, Proc. helminth. Soe. Wash. 34, 

255 (1967). 
5 j .  O. WKITAKER JR., Proe. Indian Acad. Sic. 79, 441 (1970). 

D. J, FORRESTER, Parasitology 57, 498 (1971). 
7 D. J. tPORRESTER and 3 ~. T. McL. NEILSON, J. Parasit. 59, 251 

(1973). 
8 D. I. HEPLER and D. C. LIJEKER, J. Parasit. 60, 1057 (1974). 
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of wood shavings .  P u r i n a  l a b o r a t o r y  chow and  t a p  w a t e r  
were ava i l ab le  to  t h e  mice  ad  l ib i tum.  R o o m  t e m p e r a t u r e  
was c o n s t a n t  a t  22~ and  a 12-h p h o t o p e r i o d  was ma in -  
t a ined .  

Nematospiroides dubius exposure  was  accompl i shed  b y  
s t o m a c h  i n t u b a t i o n  of t h e  desi red n u m b e r  of larvae.  Eggs  
of iV. dubius were cu l tu red  to  in fec t ive  larxrae f rom the  
fecal pel le ts  of ' source '  mice accord ing  to  t he  m e t h o d  of 
CROSS a n d  SCOTTg. 

P redn i so lone  ace t a t e  a d m i n i s t e r e d  i.p. a t  a dose of 1 
r ag /day  for 4 days  pr io r  to  exposure  w i t h  v i r u l e n t  N. 
dubius l a rvae  was used to  i m m u n o s u p p r e s s  the  mice. 
Af te r  exposure ,  p redn i so lone  (1 mg) was a d m i n i s t e r e d  
e v e r y  o the r  d a y  for  10 days  to  m a i n t a i n  i m m u n o -  
suppress ion.  

Results and discussion. Feca l  f loa ts  for  eggs, us ing  
NaCl-specif ic  g r a v i t y  of 1.20, were pos i t ive  on  d a y  10 
pos t - exposu re  a n d  r e m a i n e d  pos i t ive  as long as s te ro id  

Infectivity of N. dubuis for steroid-treated and non-steroid-treated 
P. ma~ciculatus 

Group No. of mice Treatment ResuIts 

12-weeks  ~5 E x p o s u r e  wi th  No infec t ion  
200 in fec t ive  l a r v a e  

12-Weeks  5 E x p o s u r e  wi th  No infec t ion  
500 in fec t ive  l a r v a e  

12-Weeks  4 E x p o s u r e  wi th  No in fec t ion  
800 in fec t ive  l a r v a e  

8 - W e e k s "  10 E x p o s u r e  w i th  No infec t ion  
200 infec t ive  l a r v a e  

8 - W e e k s "  10 ' S te ro id  t r e a t m e n t -  In fec t ion  es t ab -  
exposure  b l i shed r a n g e  
wi th  200 infec t ive  (120-180 w o r m s  
l a r v a e  r e c o v e r e d  as  adul t s )  

1 2 - W e e k s .  10 S te ro id  t r e a t m e n t -  In fec t ion  es tab-  
exposu re  l i shed r a n g e  
wi th  200 in fec t ive  (120-180 w o r m s  
l a r v a e  r e c o v e r e d  as adul t s )  

,Groups were repeated with the same results. ~lmg/day i.p. for 4 
days prior to challenge, then on alternate days for a period of 10 
days. 

t r e a t m e n t  c o n t i n u e d  (see Table) .  However ,  fecal f loats  
b e c a m e  n e g a t i v e  w i t h i n  10 days  a f te r  t h e  t e r m i n a t i o n  of 
s tero id  t r e a t m e n t .  

F r o m  th i s  work  a n d  t h a t  of p rev ious ly  m e n t i o n e d  
inves t iga tors ,  we conclude  t h a t  P. maniculatus is n o t  a 
n a t u r a l  hos t  for  N. dubius. Indeed ,  i t  is t he  on ly  mouse  
s t r a in  of t he  m a n y  t e s t ed  in our  l a b o r a t o r y  t h a t  d e m o n -  
s t r a t e d  th i s  s t a t e  of increased  res is tance.  I n  th i s  regard,  
P. maniculatus v e r y  m u c h  resembles  t he  ra t ,  as infec t ion  
in th i s  r o d e n t  can  on ly  be  e s t ab l i shed  w i t h  t he  use of 
s teroids  ~~ The  exac t  m e c h a n i s m  of s tero id  ac t ion  is 
u n k n o w n ;  howeve r  t he  mouse  is ca tegor ized  as a s teroid  
sens i t ive  a n i m a l  11. Also, a s h a r p  decrease  in c i rcu la t ing  
l ymphocy te s ,  ha l f  t h a t  of n o r m a l  levels,  was  seen in P .  
maniculatus mice i m m u n o s u p p r e s s e d  b y  prednisolone.  
These  his tological  even t s  are v e r y  s imi lar  to  those  seen in 
some v i ra l  in fec t ions  of mice ~2. Th i s  ev idence  leads us to  
specula te  t h a t  N. dubius in fec t ion  occurs  n a t u r a l l y  
on ly  w h e n  t he  Peromyscus mouse  is suff ic ient ly  i m m u n o -  
suppressed,  p e r h a p s  b y  a c o n c u r r e n t  v i ra l  or pa ras i t i c  
infect ion.  S u p p o r t  for  t he  l a t t e r  specu la t ion  comes  f rom 
the work of COLWELL and WESCOTT ~3 who showed that 
N. brasiliensis in fec t ion  of mice was p ro longed  b y  a con-  
c u r r e n t  in fec t ion  of N. dubius. A p p a r e n t l y  a n y  n a t u r a l  
res i s tance  of t he  mouse  aga ins t  in fec t ion  w i t h  N. brasi- 
liensis was suppressed  b y  t h e  presence  of N. dubious. 

W e  bel ieve t h a t  t h e  i nab i l i t y  to  infec t  P. maniculatus 
w i t h  N. dubius is due  to t h e  increased n a t u r a l  res i s tance  
of t h e  mouse  a n d  n o t  to  an  a d a p t a t i o n  of t he  pa ra s i t e  
because  of l a b o r a t o r y  passage  as specu la ted  b y  some 
au thors .  One possible  r eason  for t he  increased  n a t i v e  
res i s tance  of t h i s  mouse  is t he  t e n d e n c y  to  avo id  inbreed-  
ing as ev idenced  b y  our  work  and  t h a t  of o thers '4 .  W e  
h a v e  a l r eady  d e m o n s t r a t e d  t h a t  i n b r e d  s t r a ins  h a v e  a 
decreased c a p a b i l i t y  for immuniza t ionS5;  therefore ,  t h e  
lack of i nb reed ing  in P.  maniculatus m a y  a c c o u n t  for t he  
h igh  degree of n a t i v e  res i s tance  to N. dubius infect ion.  

9 j .  H. CRoss and J. A. SCOTT, J. Parasit. 47 (Suppl), 26 (1961). 
10 j .  H. CROSS JR., J. Parasit. 46, 175 (1960). 
n H. N. CLAMA~, New EngL J. Med. 287,388 (1972). 
12 E. GARACI, JR. CALI~) and W. DJACZENKO, Experieutia 30, 358 

(1974). 
13 D. A. COLWELL and R. ]3. WESCOTT, J. Parasit. 59, 216 (1973). 
14 j .  L. HILL, Science 186, 1042 (1974). 
x5 D. C. LUEKER al~d D. I. HEPLER, J. Parasit. 61, 158 (1975). 

Undulating Tubules in Lymphocytes of an Apparently Healthy Human Donor 

G. PEDIO, J. R. ROTTNER and  DOROTHEA GUT 

Institut /i~r Pathologische Anatomic der Universitiit, Kantonsspital Zi&ich, Schmelzbergstrasse 12, CH-8006 Z~rich 
(Switzerland), 8 October 1975. 

Summary. So- called ' u n d u l a t i n g  tubu le s '  were found  in t h e  b lood  l y m p h o c y t e s  of a n  a p p a r e n t l y  h e a l t h y  3B-year-old 
male.  U n d u l a t i n g  t ubu l e s  h a v e  been  n o t e d  to occur  f r e q u e n t l y  in k i d n e y  cells and  b lood l y m p h o c y t e s  of p a t i e n t s  suf- 
fer ing f rom col lagen diseases a n d  especial ly  f rom SLE.  T h e y  h a v e  been  sugges ted  to  be  a poss ib ly  p a t h o g n o m o n i c  
f ind ing  in such  diseases. Our  r e su l t  seems to  c o n t r a d i c t  such  an  associat ion.  

I n  t he  course of sys temic  e lec t ron  microscopic  e x a m i n a -  
t ions  of b lood  of p a t i e n t s  w i t h  leukemia ,  we obse rved  
u n u s u a l  t u b u l a r  inc lus ions  in t h e  c i rcu la t ing  l y m p h o -  
cytes  of a seeming ly  h e a l t h y  con t ro l  p a t i e n t .  Since s imi la r  
s t r u c t u r e s  h a v e  been  n o t e d  in l y m p h 0 c y t e s  or o t h e r  cells 
in severa l  diseases, especia l ly  in  collagenosis,  our  f ind ing  
seems to m e r i t  a br ie f  repor t .  

P e r i p h e r a l  b lood  was d r a w n  f rom the  cub i t a l  ve in  of a 
33-year-old man ,  who  was seeming ly  in good h e a l t h  and  
h a d  no  h i s t o r y  of col lagenosis  or r ecen t  v i ra l  diseases.  
Blood  s m e a r  e x a m i n a t i o n  was  no rma l .  

The  l y m p h o c y t e s  were s epa ra t ed  as follows: 1. defi- 
b r i n a t i o n  of t he  b lood  b y  s t i r r ing  for 10 ra in  a t  r o o m  
t e m p e r a t u r e ;  2. 4-fold d i lu t ion  w i t h  p h o s p h a t e - b u f f e r e d  


