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E f f e c t  o f  H a e m o l y s i s  o n  P l a s m a  a n d  S e r u m  I m m u n o g l o b u l i n  E s t i m a t i o n s  

~x~. J.  DEACON and A. EBRINGER 

Department o/ Biochemistry, Queen Elizabeth College, University o/ London, Atkins Building, Campden Hill, London 
W8 7AH (England), 29 September 7975. 

Summary. Plasma IgG, IgM and IgA est imat ions  were carried out  in blood samples wi th  vary ing  degrees of haemolysis,  
produced by  control led ul t rasonicat ion.  E x t e n t  of haemolysis  was de termined  by  plasma haemoglobin,  p lasma potas-  
s ium and packed cell vo lume;  and plasma IgG, IgM and IgA es t imat ions  showed a s teady  and signif icant  fall wi th  
increasing haemolysis.  A calculated correct ion is proposed which compensates  for the  di lut ional  effect of haemolysis,  
dur ing es t imat ions  of p lasma and serum immunoglobulins .  

Varia t ions  in serum immunoglobul in  est imations,  do 
not  depend only on disease 1, age 2 and sex of the  individ-  
ual  3, 4 bu t  m a y  also be affected by  the  degree of haemo-  
lysis present  in the  sample. The  effect of haemolysis  on 
de te rmina t ion  of p lasma electrolytes  and o ther  const i t -  
uents  has been inves t iga ted  5 bu t  immunoglobul ins  were 
no t  included in t h a t  s tudy.  This paper  describes the  
results of studies on the  effect of haemolysis  on p lasma 
and serum es t imat ions  of IgG, IgM and IgA and a cal- 
cu la ted  correct ion is suggested to compensa te  for this 
effect. 
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Fig. 1. Plasma haemoglobin measured against packed cell volume 
following haemolysis. 
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Fig. 2. Plasma potassium measured against packed cell volume 
following haemolysis. 

Materials and methods. Blood samples were  obta ined 
f rom hea l thy  male  volunteers ,  serum separated and 
stored in 0.2 ml al iquots  at  - -15~ Unc lo t t ed  blood 
samples were obta ined  by  mixing  blood wi th  t r i sodium 
ci t ra te  and subjected to ul trasonic haemolysis  by  t imed  
sonicat ion bursts  of 1 to 15 sec dura t ion  using an MSE 
100 W a t t  Ul t rasonic  Dis in tegra tor  wi th  a t i t an ium 
v ibra to r  microprobe of end d iameter  1/s inch, having  a 
ve loc i ty  rat io 7.6/1 a t  20 Kc/sec peak  probe t ip  ampli tude.  
Haemolyzed  and non-haemolyzed  samples were then  in- 
cuba ted  a t  room tempera tu re  (20~ ~ 2) for 2 h before 
centr i fugat ion and remova l  of plasma. 

The  change in p lasma vo lume  following haemolysis  
was determined by  compar ison  of packed cell vo lume 
(PCV) in haemolyzed  and unhaemolyzed  samples, by  
filling 75 m m  long glass capillaries wi th  ant icoagula ted  
blood, sealing and then  centr i fuging for 10 rain in a 
Hawks ley  Micro H a e m a t o c r i t  Centrifuge. Using a Hawks-  
ley Reader,  the  PCV value  was obta ined as a percentage 
of the  to ta l  blood volume,  and plasma vo lume  obta ined 
by  subtract ion.  After  PCV determinat ion,  samples were 
centr i fuged a t  3000 rpm for 10 rain, superna tan t  p lasma 
collected and stored a t  - - 1 5  ~ Each  plasma and serum 
sample was frozen only once to avoid  possible denatura-  
t ion of immunoglobul ins  by  repeated freezing and 
thawing 6. 

P lasma potass ium est imat ions  were carried out  by  
f lame p h o t o m e t r y  in an E E L  Mk 11 F l ame  Pho tome te r  
(Evans Elec t rose lenium Lid)  using an air /coal  gas mix-  
ture.  Atomic  emission of samples a t  766.5 nm was com- 
pared wi th  t h a t  of a series of standards,  va ry ing  f rom 2 
to 10 mmol / l  prepared from a stock solution of 100 retool/1 
of 7.46 g KC1 (A.R.)/1 in deionized water  ~. Haemoglob in  
concentra t ion  (g/dl plasma) was de termined  by  direct  
reading f rom the  Cyanmethaemoglob in  scale of an E E L  
Haemoglob in  Meter  (Evans Elec t rose lenium Lid),  which 
was cal ibrated using s tandard  cyanmethaemoglob in  solu- 
t ions (Diagnostic Reagents  Ltd).  Serum and plasma im- 
munoglobul in  levels were assayed by  the  single radial  
immunodif fus ion me thod  s as modified by  FAI~EY and 
MCKELVEu 9. Immunodi f fus ion  plates and reference sera 
were obta ined  f rom Hy land  Labora tor ies  (California, 
USA).  
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Tab le  I. Compar i son  of co r re l a t ion  coeff ic ients  b e t w e e n  u n c o r r e c t e d  
obse rved  a n d  co r rec t ed  e s t ima t ions  of i m m u n o g l o b u l i n s  a n d  p a c k e d  
cell  v o l u m e  in  h a e m o l y z e d  p l a s m a  

U n c o r r e c t e d  o b s e r v e d  
e s t i m a t i o n s  

Cor rec ted  e s t ima t ions  

I m m u n o -  Cor re la t ion  S ta t i s t i ca l  Cor re la t ion  S ta t i s t i ca l  
g lobul in  coeff icient  s igni f icance  coeff ic ient  s igni f icance  
t ype  

l g G  + 0.702 p < 0.001 + 0.2608 N.S.  
]gM + 0.857 p < 0.001 - -  0.1460 N.S.  
l g A  + 0.577 p < 0.001 - -  0.1820 N.S.  
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Fig.  3. Regress ion  l ines of o b s e r v e d  (O) a n d  co r r ec t ed  (O) IgG(a) ,  
IgA(b)  a n d  IgM(c) (mean  -F SE) m e a s u r e d  a g a i n s t  p a c k e d  cell 
vo lume .  

Results  and  discussion. Ultrasonic t reatment  of blood 
samples for increasing periods of time led to haemolysis, 
the extent of which was determined by measuring plasma 
haemoglobin, plasma potassium and PCV. A mean con- 
trol PCV of 0.373 (SEM = 0.5, n = 5) was obtained in 
the unhaemolyzed blood samples. The maximum ultra- 
sonic t reatment  for 15 sec at 7.5 peak to peak amplitude, 
caused the PCV to fall to a minimum level of 0.01 re- 
presenting complete haemolysis. 

Haemolysis was absent from control plasma samples 
but  with increasing ultrasonication, plasma haemoglobin 
concentration increased (Figure 1) as PCV decreased and 
the correlation was statistically significant (r = -- 0.9836, 
p < 0.001). Plasma potassium concentration in un- 
haemolyzed samples was 4.4 retool/1 and with ultrasoni- 
cation rose, as PCV decreased (Figure 2) and the correla- 
tion was statistically significant (r = -- 0.9362, p < 0.001). 
Following the determination of PCV and plasma haemo- 
globin, the plasma IgG, IgM and IgA concentrations 
were determined and the results are shown in Figure 3. 
Plasma IgG, IgM and IgA estimations showed a steady 
fall with increasing haemolysis asmeasured by decreasing 
PCV and this correlation is statistically significant 
(Table II) for all three different types of immunoglobulins 
measured. 

The ratio of plasma volume of haemolyzed blood to 
plasma volume of unhaemolyzed blood can be used as a 
correction factor for the dilution effect of haemolysis. 
Plasma volumes were calculated from the PCV after cor- 
rection made for plasma trapped in the red cell column of 
haematocrit. The true PCV has been estimated to be 
smaller by a factor of 0.96 from the observed PCV 1~ 

True  PCV = 0.96 • O b s e r v e d  PCV 
P l a s m a  vo lume  = 100-0 .96  • Obse rved  PCV 
P a c k e d  Cell Vo lume  of control ,  u n h a e m o l y z e d  b lood  = PCVo 
P a c k e d  Cell Vo lume  of b a e m o l y z e d  b lood  = PCVh 
I m m u n o g l o b u l i n  c o n c e n t r a t i o n  a t  PCV~ = ' I g  obse rved '  

Then, the immunoglobulin concentration corrected for 
the dilution effect of haemolysis is given by the expres- 
sion : 

100-0 .96  • PCV~ • 
Cor rec ted  i m m u n o g l o b u l i n  = 100-0 .96  • PCV,  ' Ig  o b s e r v e d ' m g / d l  

Immunoglobulin estimations of plasma IgG, IgM and 
IgA, when corrected in this way, and plotted against 
PCV~ (Figure 3, a, b and c) show no apparent drop in im- 
munoglobulin concentration with haemolysis (Table I). 
When using this correction on an actual haemolyzed 
serum sample, the PCVh is estimated from the plasma 
haemoglobin and plasma potassium concentrations 
(Figures 1 and 2). 

The present study indicates that  serum and plasma 
IgG, IgA and IgM estimations are affected by haemolysis, 
in that  rupture of red blood cells produces an increased 
extracellular fluid volume which leads to dilution of im- 
munoglobulins. This dilution of immunoglobulins is 
quanti tat ively related to the degree of haemolysis which 
can be assessed by measuring serum haemoglobin and 
serum potassium levels. 

In clinical laboratories, serum rather than plasma is 
used for the determination of immunoglobulins and there- 
fore an analysis of serum and plasma immunoglobulin 
estimations on the same blood samples was carried out in 
this study. No significant difference between serum and 

10 H.  CHAPLIN a n d  P. L. MOLLISON, Blood 7, 1227 (1952). 



386 Speeialia EXPERIENTIA 32/3 

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 
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