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SUMMARY

Phagocytosis and the  a b i l i ty  to  k i l l  Candida a lb icans in - v i t r o  (candldacidal 

a c t iv i t y )  In th re e  g roups  o f  su b je c ts  were compared: Group 1 -  pa t ien ts  with 

end -s tage  renal disease (ESRD) on maintenance haemodialysis (H.D) Group 2 -  

pa t ien ts  w ith  stab le  ch ro n ic  renal fa i lu re  (CRF) who were not on d ia lys is . Group 

3 -  normal hea lthy  con tro ls .

Group 1 were 20; 13 males and 7 females, g roup  2 were also 20; 14- males 

and 6 females and g roup  3 were 21; 14 males and 7 females.

The s tu d y  showed th a t  the  phagocy t ic  a c t iv i ty  in autologous plasma was
< ♦ ..

lower in g roup  2 ( uraemic pa t ien ts  who were not on haemodialysis ) than group 

1 ( pa t ien ts  who were on haemodialysis) (PC0.02). The phagocy t ic  a c t iv i ty  was 

also lower in g roup  2 pa t ien ts  than g roup  3 '?( co n tro ls  ) (P<0.02). When the 

n e u tro p h i ls  from g roup  1, 2 and 3 , su b je c ts  were suspended in AB rhesus 

nega tive  (AB Rh -v e )  plasma, the  phagocy t ic  a c t iv i ty  was lower in g roup 2 than 

g roup  1 pa t ien ts  (P<0.002). The phagocy t ic  a c t iv i ty  in AB Rh -v e  plasma fo r  

g roup  2 pa t ien ts  was also lower than fo r  g roup  3 (co n tro ls )  (P<0.002). There was 

no s ig n i f ic a n t  d i f fe re n c e  in n e u tro p h i ls  from  g roup  2 and 3 s u b je c ts  both in 

auto logous and AB Rh -v e  plasma.

The cand idac ida l a c t iv i ty  o f  g roup  3 was the  h ighes t o f the  th re e  g roups  

bu t  the  d i f fe re n ce  was s ta t is t ic a l ly  s ig n i f ic a n t  on ly  when comparing g roups  2 and 

3 (PC0.02). Im m unog lobu lin  and complement p ro f i le s  in the  th re e  g roups  were 
also compared and no s ig n i f ic a n t  d i f fe rences  were found.
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INTRODUCTION AND LITERATURE REVIEW

V u ln e ra b i l i ty  to  in fec t ion  by uraemic pa t ien ts  was repo r ted  by among 

o th e rs  Masson and associates as ea r ly  as 1949 (1). Batch d u r in g  the Korean war 

in 1955 observed th a t  so ld ie rs  w ith  ba tt le  in ju r ie s  tended to have more ser ious 

In fec tions  when they  developed acute renal fa i lu re  (2). M err i l l  found  renal 

fa i lu re  in Boston to  be a m ajor cause o f  death in renal pa t ien ts  w ith  o r  w ith ou t 

d ia lys is (3 ). Montogomerie and Kalmanson noted th a t  renal fa i lu re  pa t ien ts  had 

h igh inc idences o f in fec t ion  o ften  w ith  fata l outcome(4).

Various hypotheses have been suggested to  explain the  above f in d in g s .  

Skin abnorm alit ies  have been found  in urem ic pa t ien ts  p re -  and p os t-d ia lys is .  

These inc lude  p ru r i tu s ,  ich thyo s is ,  excoria tion  ecchymoses, uraemic f ro s t  and 

exfo lia t ion (5-7). Histochemical changes have also been descr ibed, namely a t ro p h y  

o f sk in  ep iderm is (5), increase in e lastin  f ib re s  in p a p i l la ry  laye r and 

p e r i fo l l ic u la r  reg ion (8,9), increase in urea n it roge n  in s tra tum  corneum (9), 

a troph ied  eccr ine  sweat g lands and increase in n i trogenous  compounds in uraemic 

breath  (10) and sa l iva  (11). These changes may be respons ib le  fo r  delayed 

wound healing and c o n t r ib u te  to  increased nasal and cutaneous ca rr iage  o f 

s taphy lococcus aureus reported  by Goldblum and c o -w o rk e rs  (12) and Klmanl et 

al (13).

Uraemic pa t ien ts  and those on maintenance haemodialysis have been 

repo r ted  to  have v e ry  h igh  inc idences o f re s p ira to ry  t ra c t  in fec t ions  (4,14). In 

add it ion  to  uraemic lung disease (15,16), a num ber o f o th e r  changes in the 
re s p ira to ry  t ra c t  p roba b ly  help to  increase the Inc idence o f re s p ira to ry  t ra c t  

in fec t ions. These inc lude  coating o f the  tra ch e o -b ro n ch ia l t ree  w ith  th ic k  

tenaceus mucus, th ickened  a lveo lar septa covered w ith  hya line  appearing  

membrane and in t ra  a lveo lar f ib r in o u s  exudate. In 1966 Goldstein and Green 

demonstrated impaired c learance o f coagulase pos it ive  S treptococc i in

nephrectomised mice and they  suggested th a t  th is  may be due to  impaired lung 

macrophage and m ucoc il l ia ry  action caused by uraemia(17).

The u r in a ry  t ra c t  has also been reported  to  be commonly in fected d u r in g  

uraemic s ta te  (4,14). The in fec t ion  in th is  s itua t io n  may be re lated to  

ca the te r isa t ion  a common p rocedu re  employed on these patien ts . O lig u r ia  also 

causes re la t iv e  s tas is  and encourages p ro l i fe ra t io n  o f u r in a ry  pathogens (18). 

Impaired u r in e  concen tra t ion  in CRF causes passage o f  d i lu te  u r in e  w ith o u t any 
an t ibac te r ia l actlv+ty (19).
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O ther obse rva tions  have been made in pa t ie n ts  on maintenance H.D. 

Leonard and associates reported  f iv e  adu lt  pa t ien ts  who developed osteom yelit is  

while on maintenance H.D (20). Three o f these pa t ien ts  had renal os te o d ys tro p h y  

and two were on c o r t icos te ro id  th e ra p y .  However Lameirie and colleagues 

repo rted  one case o f an adu lt  male who developed spontaneous osteom ye lit is  and 

was n e ith e r  on c o r t ico s te ro id s  nor had renal o s te o d y s tro p h y (2 1 ). Haemodialysis 

pa t ien ts  have been found to be more prone to tu b e rc u lo s is  (TB) than the  general 

popula tion. Andrew found  th a t  10 ou t of 172 pa t ien ts  who were on H.D between 

Ju ly  1967 and Ju ly  1976 in San Franc isco had developed TB(22). He found th a t  

H.D pa t ien ts  were 12 times more prone to TB in fec t ion  than the  general 

Ca lifo rn ian popula tion. Four o f the ten pa t ien ts  had pu lm onary TB alone. O ther 

s ites affected by TB were meninges, p leura, k idneys , l iv e r  and mediastinal lymph 

nodes. A pa rt  from  My c o b a c te r iu m t u b e rc u losis (MTB), o th e r  m ycobacter ia  have 

been found  to cause disease in renal pa t ien ts  (23). These inc lude  M. avium 

in tra c e l lu la r  and M. fo r t iu m . Almost similar f in d in g s  were made by Sasaki and 

Akiba in Japan (24).

Patients w ith  CRF have also been found to be a ffected by derm atophy te  

in fec t ions. Onorato and colleagues repo r ted  two cases o f thrombosed f ls tu lae  

which were in fected  w ith  Cephalosporid ium  species along w ith  Staph. au reu s (25). 

In fe c t iv e  endocar'd it is  in association w ith  H.D has also been reported  by a number 

of in ve s t ig a to rs  (26-30). O ther s tud ies  l iave shown th a t  pa t ien ts  on H.D tend to 

become ch ron ic  c a r r ie r s  of hep a t i t is  B su r face  antigen (HBsAG) when they  become 

in fected w ith h ep a t i t is  B v ir us. A ■ re p o r t  by Mc’ L igeyo and Otieno (31) has 

shown th a t  3 ou t  o f 71 pa t ien ts  who were in i t ia l ly  HBsAg negative  at the  on -se t  

o f H.D, had seroconverted  to  pos it ive  and th is  requ ire d  a period o f on ly  3 

months. O ther s tud ies  in Berl in  showed th a t  more th a t  50% of H.D pa t ien ts  who 

were HBsAg pos it ive  con tinued  to test pos it ive  beyond 6 months period(32). This 

re f le c ts  the in a b i l i ty  o f H.D pa t ien ts  to  c lear the hepa ti t is  B v i r u s  from th e ir  
systems.

The s ing le  most common source o f in fec t ion  in pa t ien ts  w ith  H.D is th o u g h t  

to  be the  gas tro in te s t in a l t ra c t  (GIT) (14). Montgomerie and colleagues 

demonstrated Klebs ie lla pneumonia in fec t ion  in faecal f lo ra  o f 3 ou t o f 5 pa t ien ts  

on H.D who had Klebs ie l la p n eumonia in fec t ions  of the sk in ,  chest and m axil lary 

sinuses, and these^prgan ism s were fu r t h e r  found to  be identica l sero types(33).
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The tendency fo r  in tes t ina l bac te r ia  to  cause ex tra  in tes t ina l in fec t ions  may be 

related to  the  GIT mucosal defects  associated w ith  uraemia and H.D. A s tu d y  

done at K.N.H. by Joshi and his g roup , showed th a t  on ly  33% of CRF pa t ien ts  had 

normal uppe r GIT(34). The abnorm alit ies  found  inc luded g a s t r i t is ,  duoden it is  and 

oesophag it is  w ith abnormal mucosal fo lds  in the  an trum . S im ilar s tu d y  by 

Zukerman et al gave s im ilar resu lts (35). F u r th e r  more, Gordon and Johnson 

reported  some pa t ien ts  on H.D who were found to be g a s tr ic  acid hyposecre to rs  

and ye t they  were not able to  dem onstrate any parie ta l cell an tibod ies  in th e ir  

sera(36). These mucosal abnorm alit ies  to g e th e r  w ith g a s tr ic  h y p o -a c id i ty  in some 

pa tien ts  on H.D fa c i l i ta te  transm ura l s h i f t  o f bac te r ia  from the  GIT. Indeed 

S chw e inburg  and cow orke rs  were able to  dem onstrate increased GIT transm ura l 

m igra tion o f bac te r ia  in uraemic dogs (37).

O ther sources o f in fec t ion  are sk in .  Increased ca rr iage  o f  Staph, aureus 

on sk in  by pa t ien ts  on H.D has been reported  in several s tud ies  (12, 16, 38). At 

the Kenyatta National Hospital (KNH), Mc’ L igeyo (39) found  Staph aureus to 

c o n t r ib u te  more than 60% of s h u n t  in fec t ions . Comparable re su lts  were obta ined 

by Rebel et al (40).

F ind ings  by a number o f in v e s t ig a to rs  have ind ica ted  th a t  the re  is normal 

to  h yp e ra c t ive  leucopoesis in uraemia (41,42). This has been the f in d in g  o f 

Jensson (41) and Kioko (42) from K.N.H who noted th a t  66.7% of uraemic pa tien ts  

in his series had normal leucopoesis and the res t 33.3% had increase leucopoesis. 

Jensson (41) l ike  Kioko (42) repo r ted  abso lute and re la t ive  neu troph il ia .  In 
Kioko’s s tu d y  n e u tro p h i l  hypersegm enta tion  and tox ic  g ranu la t ion  were the 

commonest abnorm alit ies  a f fe c t in g  the wh ite  cell series(42). O ther morphologica l 

abnorm alit ies  o f n e u tro p h i ls  have been observed. Brogan found  the  n e u tro p h i ls  

o f uraemic pa t ien ts  to have the fo llow ing  abnorm alit ies(43): They appeared to

spread on glass s lide g iv in g  la rg e r  than normal appearance, they  had more 

cytop lasm ic g ranu les  which were more vacuolated and the  n e u tro p h i ls  had also 

long cytop lasm ic processes. I t  is these abnormal n e u tro p h i ls  which were f u r t h e r  

sub jec ted  to  the traum a o f ex traco rpo rea l c irc u la t io n  d u r in g  H.D.

The fo llow ing  func t iona l abnorm alit ies  have been encountered; f i r s t l y  in 

chemotaxis, in v iv o  s tud ies  have shown th a t  uraemic su b je c ts  have impaired 

in flam m atory responses compared to normal sub jec ts .  Batch and Evans (44) 

in jec ted  bacter ia  in tra d e rm a lly  in normal and nephrectomised ra b b its  and 

compared the  r& su lt ing  lesions 24 hours  a f te r  inocu la tion . The uraemic ra b b its
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had s ig n i f ic a n t ly  smaller lesions. Buchanan and colleagues got s im ila r resu lts  
using m ic ro c rys ta l l in e  monosodium u ra te  (45). Secondly o th e r  s tud ies  have 

d i re c t ly  demonstrated impaired n e u tro p h il  chemotaxis (46, 47). G rover and 

Anderson sub jec ted  ureamic n e u tro p h i ls  to  a chemotactic tes t by p u t t in g  them in 

a chamber separated from a chemotactic s t im u lan t by a 33 p pore membrane f i l t e r  

(48). A f te r  3 hours  they  q u a n t i f ied  the  num ber of n e u tro p h i ls  reach ing the  lower 

su r face  o f the membrane f i l t e r .  They sub jec ted  the  same tes t  to  normal 

n e u tro p h i ls  and the re s u lt  was h ig h e r  in normal than uraemic neu troph ils .  They 

repeated the same p rocedu re  b u t  instead o f a known chemotactic s t im ulus, they 

used endotoxin ac t iva ted  uraemic serum and compared its  chemotactic a c t iv i ty  

w ith  th a t  o f endotoxin ac t iva ted  AB serum and the re s u lts  were lower in the 

fo rm er than the  la t te r .  In  th is  s tu d y  they  were able to  dem onstrate reduced 

chemotactic a c t iv i ty  o f  both uraemic n e u tro p h i ls  and serum respec t ive ly .

S tudies o f CRF p a t ie n ts ’ n e u tro p h il  adherence in both d ia lysed and non- 

d ia lysed CRF pa t ien ts  have g iven c o n f l ic t in g  resu lts .  Ruley and colleagues 

described increased n e u tro p h i l  adherence to glass s lides in pa t ien ts  w ith  acute 

pos t-s trep tococca l g lomeru lonephrit is(49V, whereas A b ru ty n e  and colleagues found 

normal adherence to ny lon  f ib re s  in pa t ien ts  w ith  CRF(50). In  ano the r s tu d y  it  

was found  th a t  pa t ien ts  w ith  severe uraemia 'had normal adherence bu t  i t  became 

impaired d u r in g  the f i r s t  120 m inutes, r e tu rn in g  to baseline va lue a f te r  fo u r  

hou rs  o f H.D(51)

PHAGOCYTOSIS

Phagocytic  s tud ies  done on uraemic pa t ien ts  both d ia lysed and non -d ia lysed  

have given va r iab le  re su lts  w ith  some w o rke rs  dem onstra ting  normal (43,48,50,52) 

and o th e rs  impaired phagocy tos is  (43,53,54).

Brogan (43) demonstrated normal phagocytos is  in uraemic pa t ien ts  bu t he 

noted th a t  phagocytos is  became more depressed in the  presence o f endotoxin. 

Burleson found  th a t  impaired g ranu locy te  phagocytos is  was reversed by 

haemodialysis(53). In  a s tu d y  done by Hallgren et al in Sweden, i t  was found 

th a t  impaired phagocytos is  co rre la ted  w ith  r is in g  phosphate levels and was 

reversed a f te r  fo u r  months o f maintenance haemodialysis(55).

S tud ies on the a b i l i ty  o f uraemic n e u tro p h i ls  to k i l l  ingested organ ism s 

have also g iven c o n f l ic t in g  resu lts .  M ac-In tosh et al found  impaired k i l l in g  fo r  

co*i and S taph au re us(56) whereas A b ru ty n  and Solomons reported  normal 
k i l l in g  fo r  Staph* au re u s (50).
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Uraemic serum bac te r ic ida l a c t iv i ty  has also been s tud ied  w ith  va r iab le  

resu lts . Montgomerie et al repo r ted  depressed k i l l in g  fo r  E. coli and Staph 

aureus and normal a c t iv i ty  on S trep  faeca lis (54). However cons ide r in g  the fac t 

th a t uraem ic serum has increased levels o f  lysozymes(57) one would expect to 

f in d  increased bac te r ic ida l a c t iv i ty  fo r  th is  serum. The reason fo r  th is  has not 

been w ide ly agreed on.
There appears to  be a func t iona l v a r ia b i l i t y  between n e u tro p h i ls  from 

people o f A fr ican descent and th a t  o f  Caucasian ex trac t ion . Lule and Kyobe (58) 

found th a t  n e u tro p h i ls  from A fr icans  in Nairobi had lower phagocy t ic  a b i l i ty  

compared w ith  n e u tro p h i ls  from  a popu la tion  in U.K. They also demonstrated 

lower mean leucocyte a lka line  phosphatase (LAP) scores in A fr icans  compared w ith 

th a t  o f  the same popu la tion  in the U.K. Hence th e re  is need to s tu d y  neu troph il  

fu n c t io n  in the A fr ican  uraemic pa tients .

Uraemia has been found to be associated w ith  lym phopenia (42) and B 

lym phocytes  have been more a ffec ted  than o th e r  lym phocyte  types  (59). I t  has 

f u r t h e r  been shown th a t  th is  lym phopenia is p a r t ia l ly  o r  complete ly reversed  by

H.D (60). Despite the noted lymphopenia, b .ft .F  pa t ien ts  have been found  to  have 

normal immunoglobu lin  A, G and M levels and renal fa i lu re  per se has not been 

shown to a ffec t complement levels unless i t  is'.Immunological in o r ig in (55 ) .  In  a 

number o f s tud ies  (43,47,54), complement in C.R.F was comparable w ith  th a t  of 

normal contro ls . However, two independen t s tud ies  (61,62) have shown th a t  the re  

is ac t iva t ion  o f the a l te rn a t iv e  pathway o f complement fo l low ing  blood membrane- 

in te rac t ion  d u r in g  haemodialysis.
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AIMS_.OF THE STUDY

To evaluate the  e f fe c t  o f  HD on n e u tro p h il  phagcy tos ls  In CRF patien ts .

2. To evaluate the  e f fe c t  on uraemic sera on n e u tro p h i l  phagocytosis.

3. To f in d  the  e f fe c t  o f  HD on n e u tro p h i ls ’ a b i l i ty  to  k i l l  Candida a lb icans In 

CRF patients.

4. To f in d  the  e f fe c t  o f  HD on serum complement and Immunoglobulins In CRF 

patients.
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MATERIALS AND MET HODS 

Patients and Controls
ESRD pa t ien ts  were those whose renal fu n c t io n  could not susta in  l i fe  

w ith ou t HD . Only those s tab il ised  on 2-3 times a week d ia lys is  were s tud ied . 

Stable CRF pa tien ts  were those whose serum urea was above 10mmol/l d u r in g  

adequate h yd ra t io n  b u t  whose renal fu n c t io n  could susta in  l i fe  w ith ou t any

s u p p o r t iv e  d ia lys is . An e a r l ie r  s tu d y (6 3 ) ln v o lv ln g  n e u tro p h i ls  in d iabetics  

showed Impaired n e u tro p h i l  chemotaxis In d iabe tls  melltus, so pa t ien ts  w ith 

d iabetic  neph ropa thy  were excluded from  the  s tu d y .

Normal hea lthy con tro ls  were In d iv id u a ls  whose serum urea was less than 6mmol/l 

and were found  normal on phys ica l examination. They were medical w o rke rs

Inc lud ing  doctors , nurses  and medical s tuden ts .

The fo llow ing  categories o f s u b je c t  were excluded from the  s tu d y ;

Those pa t ien ts  who had evidence o f In fec tion  as suggested by phys ica l 

examination and chest rad io logy.

Patients on s te ro ids  o r  non-stero ldd l. a n t l - ln f la m a to ry  d ru g s ,  o r  a n t l - fu n g a l 

d rugs .

Patients whose n e u tro p h i l  fu n c t io n  Is Impaired in absence o f renal fa i lu re .  

These were d iabetics , those who had a h is to ry  o f  alcohol Ingestion w ith in

24 hours  o f blood sampling and pa t ien ts  in shock (63).

The s tu d y  was conducted from 15/5/1990 to 31/12/1990. D uring  th is  period 26 
pa t ien ts  were on KNH renal u n i t  HD programme. Only 20 o f them fu l f i l le d  the 

above c r i te r ia  and they  were all re c ru ite d  in to  the  s tu d y .

Stable CRF pa t ien ts  were re c ru ite d  from KNH renal c l in ic  and medical wards by 

com pil ing a l is t  o f  pa t ie n ts  who had appo in tm ent to  a ttend the  renal c l in ic  d u r in g  

the period o f  s tu d y ,  and those who had been admitted d u r in g  the f i r s t  week o f 

the s tu d y .  83 names were ob ta ined and the  s tu d y  sample was selected by p ick ing  

eve ry  fo u r th  name. The c o n tro ls  were selected from  w il l ing  medical s ta f f  from 

whom e ve ry  second person was p icked. They were matched fo r  sex and since 

most o f the  w i l l ing  co n tro ls  were medical s tu d e n ts  whose age was re la t ive ly  

younger, they  were matched fo r  age w ith in  10 year age g roup  .

A f te r  se lec ting  the  pa tien t,  an adequate h is to ry  and phys ica l examination 

was undertaken . A verba l consent th a t  the  pa t ien t e n te r  in to  the  s tu d y  was 
obta ined and blood was drawn.
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M E A S U R E M E N T  OF PHAGOCYTIC AND CANDIDACI_DAL ACTIVITY

This was done accord ing  to  the methods descr ibed by L eh re r  and Cline (64) 

and modified by Goldman and T h ’ng (65) which is described below.

Periphera l venous blood (10mls) were collected from each s u b je c t  w ith  a 

p las tic  s y r in g e  from where i t  was pu t  in to  a s te r i le  p las tic  tube  con ta in ing  about 

500 un its  o f  heparin . 1 ml of 6% dex tran  in normal saline was added and the  red 

cells were allowed to sediment at room tem pera tu re  fo r  20-30 minutes. The 

leucocyte supe rn a ta n t  was collected and c e n tr i fu g e d  at 1,500 revo lu t io n s  per 

m inute (RPM) fo r  8-10 minutes. The leucocyte  deposit was then removed and 

washed twice in Hanks balanced sa lt so lu tion (HBSS) f in a l ly  suspend ing  i t  in 0.5 

-  1 ml o f HBSS. The abso lute num ber o f n e u tro p h i ls  was then calculated from 

the tota l leucocyte coun t and d i f fe re n t ia l  count.

CANDIDA ALBICANS COLONIES

The Candida albican cells used were maintained on glucose peptone agar. 

When requ ire d  the organ ism s were collected and suspended in HBSS at a 

concen tra t ion  o f 4 x 10' per ml. Only c u l tu re s  con ta in ing  95% v iab le  ce lls  as 

determ ined by m ethylene blue s ta in ing  tae're' used.

PLASMA

AB Rh-ve plasma (200mls) was obta ined1.*from K.N.H blood bank. This was 

d iv ided  in to  f iv e  po r t ion s  which were kept at tem pera tu re  o f -20°C. Heparinised 

plasma from leucocyte donors was collected fo r  resuspend ing  the  leucocytes a f te r  

which the remaining amount was kept fo r  urea, c rea t in ine , phosphate, 

immunoglobulin and complement Assays la ter. This plasma was s tored at a 

tem pera tu re  of-20°C.
TESTS

Phagocytic  a c t iv i ty  was tested by in cuba t in g  a suspension con ta in ing  

Candida and n e u tro p h i ls  to g e th e r  w ith  Candida  in excess o f leucocytes by a 

fac to r  of 10 so th a t  no n e u tro p h il  was denied the o p p o r tu n i ty  to  tes t its  

phagocy t ic  a c t iv i ty  because o f absence o f Candida part ic les .
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PROCEDURE
Equal volumes o f n e u tro p h i l  suspension, auto logous plasma and HBSS 

(0 25mls each) were placed in a s te r i le  con ta iner. The so lu tion  con ta in ing  Candida 

was added and the components mixed manually. Control tubes  were set up 

contain! n g :-
1 Patients ne u tro p h ils ,  HBSS, Candida organ ism s and AB plasma.

2. Normal n e u tro p h i ls ,  pa t ien ts  plasma, HBSS and Candida organisms.

3. Normal n e u tro p h i ls ,  normal plasma, HBSS and Candida organisms.

4. P a tien t ’s plasma, HBSS and Candida organ ism s w ith ou t any neu troph ils .

All the  tubes  were incubated at 37°C w ith  manual m ixing eve ry  15 m inutes.

A f te r  30 m inutes incuba tion  a small sample was drawn from each tube  to  con firm  

th a t  the organ ism s have been ingested. A smear was then made from each 

m ixture . I t  was sta ined and f ixed. The smear was examined und e r a microscope 

using oil immersion lens, 100 leucocytes were counted and the  number o f Candida 

organ isms ingested by each leucocytes was noted. A f te r  60 m inutes, sodium 

deoxycholate was added to each tube. This reagent d isso lves the cell membrane 

w ithou t damaging the Candida o rg a n is m s .;  ^  m inutes a f te r ,  m ethylene blue was 

added to each tube  and the suspension c e n tr i fu g e d  at 1,500 RPM fo r  5 minute. 

A wet p repa ra t ion  was then made from the cell sediment and 300 Cand ida cells 

were counted from each tube  no ting  which one was a live  and which one was 

dead. The l iv in g  cells fa il to take up m ethylene blue and could be d i f fe re n t ia te d  

from dead ones which sta ined u n ifo rm ly  in tense blue (see plate 3). The 

candidacidal index i.e number o f dead Candida cells ou t o f 300 was then 

ca lcula ted by deduction  o f the num ber o f dead Cand ida  cells in the con tro l tubes 

tha t  d id n ’t  conta in any leucocytes.

IMMUNOGLOBULIN AND COMPLEMENT ASSAYS

These were done by s ing le  radia l im m uno-d if fus ion  (66) us ing an t ibody  k its  

supp lied  by Boeringe r Pharmaceutical company. The method is hereupon 
described.

The k i ts  are an t i-hum an IgA; an t i- IgG , a n t i- Ig M  and anti-com plem ent 

an tibod ies  w ith  s tandard  IgA, IgM and IgG plasma.

The anti human an t ib ody  (anti IgA, IgG, and IgM) and anti human 

complement were each added to agar gel and allowed to set. The wells were 

punched in the ag<ar a f te r  which the tes t and the s tandard  plasmas con ta in ing
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known concen tra t ions  o f im m unog lobu lins were poured In to  the  wells us ing 

m ic rop ipe ttes . The agar p lates were le f t  fo r  24 hou rs  d u r in g  which time the 

an tibod ies  in the  wells d i f fused  o u t  to  form  so lub le  complexes w ith  the  a n t i 

human Immunoglobulin in the  agar, u n t i l  an equ iva le n t  po in t  was reached and the 

complexes p rec ip ita ted  In a r in g .  The diameter o f  each r in g  was then measured. 

The area w ith in  the  p re c ip i t in  r in g  as measured by the  square  o f  the  d iameter 

Is p ropo rt ion a l to  the  im m unoglobu lin  o r  complement concen tra t ion .

For IgA, IgG, and IgM, d i f fe re n t  c u rv e s  fo r  each were drawn re la t in g  the 

concen tra t ion  o f the  s tanda rd  plasmas w ith  the  square  o f the  diameter o f  th e ir  

p re c ip i t in  r in g s  from  which the  concen tra t ion  o f the  tes t  plasmas were read 

aga inst the  squares o f  the  d iameters o f th e i r  r in g s .  The concen tra t ion  o f

complement expressed as a percen tage was ca lcu la ted from the  form ula :
2 2Complement % = (d iam eter o f  tes t  r in g )  -  4f x 100 

(d iam eter o f  s ta n d a rd s )2 -  4?

where 4 Is the  diameter o f  the  wells in mm.
l , ,

ANALYSIS OF DATA
»t

The data obta ined fo r  phagocytos is , cand idacidal a c t iv i ty ,  Immunoglobulin 

and complement levels fo r  the  th re e  g roups  was analysed by com puter. The 

s tu d e n t T - te s t  was used to  evaluate the  d if fe rences  amongst the  groups. P -va lues 

(P) were computed w ith  confidence lim its  set at a = 95% and 1-G = 0.8(0=80%).
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RESULTS

Three g roups  o f  s u b je c ts  were s tud ied :

Group 1 consisted o f CRF pa t ie n ts  on maintenance haemodialysis.

Group 2 were pa tien ts  w ith  CRF who did not re q u ire  haemodialysis at the time

of the s tu d y

Group 3 were normal hea lthy  con tro ls .

TABLE 1 SHOWS THEIR SEX DISTRIBUTION

Males Females Total

Group 1 13 7 20, .

Group 2 14 6 20

Group 3 14 7 21

Total 41 20 61

TABLE 2 AGE DISTRIBUTION AND BIOCHEMICAL PARAMETERS

Mean age 
( y rs )

Mean urea 
(m m o l/ l)

Mean c rea t ine  
(um o l/ l)

Mean
phosphate
(mmol/l)

Group 1 35.3 14.6 294.4 1.96
Group 2 25.1 28.1 28.1 3.0
Group 3 32.4 3.1 3.1 1.2

#•«*
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phagocy tos is  was examined in two- ways, one way was to  coun t the  num ber o f 

ce lls  o u t o f 100 p a r t ic ip a t in g  In the  phagocy t ic  process ie 100 -  num ber o f 

n e u tro p h ils  Inges t ing  no Candida cells (ph a g o cy t ic  Index). The o th e r  way was 

to  examine each n e u tro p h i l  and q u a n t i fy  the num ber o f Candida cells It Ingested. 

The re s u lts  were tabu la ted  below.

Table 3

Phagocytic  ind ices o f  g ro u p s  1, 2 and 3 In auto logous and AB plasma expressed 
as mean + 2SE

P hagocytic  Index = (100-num ber o f n e u tro p h i ls  Inges t ing  O Candida ce lls)

GROUP PLASMA PLASMA

Autologous AB

1 49 + 9.06 53 + 9.65

2 36.2 + 4.76 35.6 + 4.40

3 48.8 + 6.50 -



Table 4

Phagocytosis o f  In d iv id u a l ce lls  acco rd ing  to  the  num ber o f Candida ce lls  ingested 
1-3 ce lls  and >3 ce lls  (mean ± 2SE).

Auto logous plasma AB plasma Uremic plasma

Group 1-3 >3
pa r t ic le s

1-3 >3 cells 1-3 >3

1 39.0+7.10 10.2+4.44 38.6+7.97 11+4.93 - -

2 31.9+3.83 2.6+0.69 34.2+3.86 2.5+.98 - -

3 41.9+4.95 9.6+3.61 - - 38.5+4.21 9.2+3.61

Table 5: Candida ce lls  k i l led  o u t  o f  300 by n e u tro p h i ls  In g roup  1, 2 and 3
(mean + 2SE) 4 . >  -

Group Auto logous plasma .. AB plasma Uremic plasma
i 34.6 + 7.68 49.0 + 1.64 43.2 + 9.65
2 30.2 + 6.55 48.1 + 8.11 -

3
■ —  ■ m

44.1 + 4.44 - 43.2 + 9.11

There was no s ig n i f ic a n t  d i f fe re n c e  between the  va lues obse rved  fo r  
Im m unog lobu lins  and complement In the th re e  g roups
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T h e rePhagocytosis, in auto logous plasma 

was no s ig n i f ic a n t  d i f fe rence  between phagocytos is  o f d ia lysed n e u tro p h i ls  and 

con tro l n e u tro p h i ls  cons ide r ing  both the  phagocy t ic  ind ices and num ber of 

pa rt ic les  per n eu troph il  in both groups. However the phagocy t ic  ind ices fo r  

und ia lysed pa t ien ts  was s ig n i f ic a n t ly  low compared to the o th e r  g roups  w ith  95% 

confidence lim it  fo r  the d i f fe re n ce  = 2.07 -  23.33 and P<0.02. The phagocy t ic  

ind ices fo r  con tro l n e u tro p h i ls  were the same w he the r they  were suspended in 

autologous plasma o r  in uraemic plasma. Each n e u tro p h i l  in g roups  1 and 3 

ingested more Candida pa r t ic le s  than g roup  2 on the  average.

Phagocytosis in AB plasma

There was no s ig n i f ic a n t  d i f fe re n ce  between phagocytos is  in autologous 

plasma and phagocytos is  in AB plasma fo r  the th re e  g roups  bu t  phagocytos is  in 

AB plasma fo r  non -d ia lysed  pa t ien ts  w&s* much lower than th a t  o f the  two 

remaining g roups  (P<0.04). This implies th a t  the impaired phagocytos is  in non-
• i

dialysed pa tien ts  was due to an in t r in s ic  defect w ith in  the  ce lls  not the plasma. 

See tables 3-5.

The s tu d y  suggests  th a t  the re  is a co rre la t io n  between phagocy t ic  index
/ •

and serum phosphate see f ig  1.

The h ighe r  the phosphate the lower the phagocy t ic  index. But the re  was no 

re la t ionsh ip  between urea o r  c rea t in ine , and phagocytos is , see f ig  2 and 3.

Candidacidal activity

In  auto logous plasma the n e u tro p h il  a b i l i ty  to k il l Candida was h ig h e r  in 

contro l popu la tion  compared w ith  non -d ia lysed  g roup  (P<0.02). I t  was also h ighe r  

than the d ia lysed g roup  bu t the  d if fe rence  was not s ta t is t ic a l ly  s ig n i f ic a n t  

(P>0.05). The d i f fe rence  between dia lysed and non -d ia lysed  n e u tro p h i ls  was also
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not s ta t is t ic a l ly  s ig n i f ic a n t  b u t  the fo rm er had h ig h e r  value.

The a b i l i ty  to  k i l l  Candida by the cells from con tro l g roup  did not a l te r  

s ig n i f ic a n t ly  when they  were suspended in pa t ien ts  plasma.

When the  cells were suspended in AB plasma, th e ir  a b i l i ty  to k i l l  Candida 

s ig n i f ic a n t ly  increased bu t  th e re  was no d i f fe re n ce  between the g roups  when 

both were suspended in AB plasma. The increase may be a p ro p e r ty  o f  the AB 

plasma not o f  the  neu troph ils .

There was no d i f fe rence  in the k i l l in g  o f Candida between n e u tro p h il  f ree  

dialysed and non -d ia lysed  plasma.

Im m unog lobu lin  and complement p ro file s  were same fo r  all the  th re e  g roups.

 ̂ *
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DISCUSSION

Imm unosuppress ion is one o f the  known com plications o f the  uraemic state. 

In v e s t ig a to rs  o f immune fu n c t io n  in pa t ien ts  w ith  ESRD have revealed depression 

of cell mediated im m unity  and lym phocy te  abnorm alit ies  (8,67,68-70) and 

depression o f phagocytos is  and chemotaxis by g ranu locy tes  (71). The f in d in g s  

of th is  s tu d y  seem to agree w ith  such s tud ies. Indeed i t  shows th a t  the re  is

impaired phagocy tos is  in ESRD which is co rrec ted  by haemodialysis. There

appears to  be a co rre la t io n  between phagocytos is  and phosphate levels which has 

been e a r l ie r  reported  by Hallgren et al (55). This may explain the  depressed 

phagocytos is  in uraemic pa t ien ts  who are not d ia lysed since they  have h ighe r  

serum phosphate values than the o th e r  g roups; bu t  the  low phagocytos is

pers is ted  even when they  were suspended in normal AB plasma. In the  l is t  o f

uraemic tox ins  one f in d s  urea and guan id lno-com pounds such as guanid ine,

methyl and d im ethy l guan id ine  and u r ic  acid (72) bu t  phosphate norm ally  does
»*

not fe a tu re  on the lis t.  O ther suggested tox ic  compounds are c rea t in ine , 

creatine , u ra tes, guan id inosucc in ic  acid, a l iph a tic  anines, some pep tides and 

degradation  p ro d u c ts  o f aromatic amino acids like  ty ro s in e ,  t ry p to p h a n  and 

pheny la lan ine  (72). Defective ion t ra n s p o r t  across membranes, decreased ce l lu la r  

metabolism and Na+-and-K+ stim ula ted ATPase a c t iv i ty  are metabolic abnorm alit ies  

th a t  are known to occu r  in uraemia(72). I t  is no wonder th e re fo re  th a t  th is  goes 

with decreased phagocy t ic  a c t iv i ty  since i t  is an ac t ive  process th a t  re q u ire s  

energy. Ano ther biochemical abnorm a lity  o f the uraemic n e u tro p h i ls  has been 

found to be increased leucocyte a lka line  phosphatase (LAP) score as shown by 

Otieno and his g roup  ( t3 )  bu t  w hether th is  has any immunological s ign if icance  

is yet to be determ ined.

Other spec if ic  n eu troph il  abnorm alit ies  have been id en t if ied .  In  CRF, the
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n e u tro p h i ls  have been found  to have tox ic  g ranu la t ion  and to be hypersegmented

(42). O ther w o rke rs  repo r ted  abnormal cytop lasm ic processes and abnormal 

vacuo la tions (43). Chemotaxis ( the  d irec t iona l movement o f n e u tro p h i ls  tow ards

the p a r t ic le  to be Ingested), has also been found  to be impaired (46,47,48). 

Abnormal n e u tro p h i l  adherence in CRF has also been described (49). These 

fac to rs  may help to expla in the impaired phagocy t ic  a c t iv i ty  in CRF n eu troph ils .  

Phagocytosis is in f luenced  by im m unog lobu lins mainly IgA and IgG which coat the 

an tigens and fa c i l i ta te  th e i r  ingestion  by phagocytes (opson isa t ion ) (74). I t  is 

also a ffected by the complement system. The complement components C3a and C5a 

are chemotaxins which promote m ig ra t ion  o f the phagocyte  to a pos it ion where 

the re  is a pa r t ic le  to  be ingested, and C3b is also an opsonin (74). However, the 

d if fe rences  in phagocy t ic  a c t iv i ty  noted cannot be explained by the  role o f 

complement o r  im m unog lobu lins s ince trfe* plasm levels fo r  complement and 

im munoglobu lins were the  same fo r  all the th re e  groups. The candidacidal
• i

a c t iv i ty  o f non -d ia lysed  uraemic n e u tro p h i ls  was lower than those fo r  d ia lysed 

and con tro ls . The la t te r  had h ig h e r  value than the  fo rm er bu t  the d i f fe re n ce

was not s ig n if ic a n t .  I have not been able to estab lish  the re la t ionsh ip  between/ •

ingestion and k i l l in g  o f the Candida. High phagocy t ic  a c t iv i ty  value did not 

correspond w ith h igh cand idac ida l value. In fac t one pa t ien t on H.D had good 

phagocytic  a c t iv i ty  va lue bu t all the Candida cells were s t i l l  a l ive a f te r  add ing  

cell-membrane lys in g  agent. This can be explained by the v a r ia b i l i t y  in the 

contents o f the lysosomes in the n e u tro p h i ls  which are normally  respons ib le  fo r  

k i l l ing  the organ ism s in t ra c e l lu la r ly .  A f te r  in jec t io n  o f an invad ing  p a r t ic le  by 

a phagocy tic  cell, the p a r t ic le  is d rawn in to  a vacuole, the phagosome. The 

Phagosome then fuses w ith  the cell lysosomes which d ischarge  th e ir  con ten ts  in to  

'*• I t  is the  pow erfu l an t im ic rob ia l substances in the lysosomes- lysozyme,
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hydrogen  peroxide, myeloperxidase, la c to fe r r i t in  and ca t ion ic  p ro te in s  which then 

kill the in vad ing  p a r t ic le  (75). I t  appears th a t  the  a c t iv i ty  o f lysosomal con ten ts  

did not co rrespond  w ith  phagocy t ic  a c t iv i ty .  E a r l ie r  s tud ies  using bacter ia  as 

test pa r t ic le s  have shown va r iab le  resu lts .  One s tu d y  (56) demonstrated impaired 

k i l l in g  fo r  E. coli and Staph, aureus  while ano the r one showed normal k i l l in g  fo r  

Staph aureus  (50). S im ilar va r iab le  f in d in g s  have been made w ith  the 

bac te r ic ida l a c t iv i ty  o f serum alone. One s tu d y  (54) found th a t  uraemic serum 

had depressed k i l l in g  fo r  E. coli and S taph , aureus, increased k i l l in g  o f B. 

s u b t i l is  and normal a c t iv i ty  fo r  St r e p , feca lis  L forms. I t  would th e re fo re  appear 

th a t  increased, decreased o r normal k i l l in g  will depend on the organ ism  in 

question.

M a jo r i ty  o f  s tud ies  have found  the  levels o f the  major im m unog lobu lins to 

be normal in CRF pa t ien ts  (56,76,77). .-Other s tud ies  have focused on the 

syn thes is  o f  an t ibody  in response to spec if ic  an t igen ic  challenge in CRF and
• t

haemodialysis pa tients . The an t igens  used were te tanus  toxoid (2) in f luenza  v i r u s  

vaccine (78) and endotoxin (79), and the response was normal. However recent

s tud ies  (80,81) in v o lv in g  adm in is tra t ion  of pneumococcal vaccine to  haemodialysis/ •
pa t ien ts  showed lower response compared to normal su b je c ts  and the levels 

achieved declined q u ic k ly .

S tud ies  (61,62) have shown th a t  the re  is ac t iva t ion  o f the a l te rn a t iv e  

pathway o f complement a f te r  blood-membrane in te rac t ion .
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The pa thw ays  o f complement are I l lu s tra te d  above (74)

A c t iva t ion  o f the  complement pathway should th e o re t ic a l ly  lower the levels o f
• i

c irc u la t in g  na t ive  C3 and C5 bu t s tud ies  done In th is  respec t have not found th is  

to be so (43,47,54). The reason has not been expla ined. My s tu d y  had made

sim ila r f in d in g s  In th a t  C3 leve ls In the th re e  g roups  were not d i f fe re n t .  C5
/ •

assays have not been done due to lack o f  reagents.

More f in d in g s  have been added to the l is t  o f  immunological abnorm alit ies  

In uraemia and haemodialysis. Ruiz et al (82) found  th a t  macrophage FCy -  

recep to r  fu n c t io n  was impaired in CRF and was p a r t ly  co rrec ted  by haemodialysis. 

FCy recep to rs  are im po r tan t  In the c learance o f IgG-coated p a r t icu la te  an tigens  

and immune complexes. Nina et al (83) sugges t th a t  th is  FCy recep to r  de f ic iency  

was the m ajor cause* * o f  Immunosupresslon in these patien ts . Fu r the rm o re  

p re l im in a ry  s tud ies  w ith  ln te r le u k ln -2  adm in is te red  In c o n ju n c t io n  w ith  hepa ti t is  

B vaccine have suggested th a t  th is  c y to k in e  m arked ly  enhances the host 

response o f pa t ien ts  w ith  uremia (84). O ther abnorm alit ies  found  are Impaired
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In te r fe ro n  p rodu c t ion  (67,85), n u t r i t io n a l  de f ic ienc ies  such as p ro te in  m a ln u tr i t io n  

and z inc and p y r id o x in e  de f ic iency  (83) and m obilisa tion o f iron  s to res  by 

deferoxamine which has been associated w ith  a marked r is k  o f mucomycosls and 

perhaps o th e r  in fec t ions  (86).

CONCLUSION

This s tu d y  suggests  th a t  th e re  Is Impaired n e u tro p h il  phagocytos is  In 

stable CRF and i t  seems w ith  d ia lys is  in ESRD the  phagocy t ic  a c t iv i ty  im proves 

to  normal levels. I t  also sugges ts  th a t  th e re  is impaired n e u tro p h il  a b i l i ty  to  k i l l  

Candida a lb icans In CRF which pe rs is ts  even when haemodialysis trea tm en t is 

in trodu ced . The decreased phagocy t ic  a c t iv i ty  In s tab le  CRF is not dependent 

on plasma bu t in t r in s ic  ce l lu la r  fa c to rs  poss ib ly  morphologica l abnorm alit ies  and 

metabolic de fects  described (43,72). ^

Rising phosphate levels tend to  reduce the  n e u tro p h i l  phagocy t ic  a c t iv i ty  

bu t  the  la t te r  is not a ffected by plasma urea o r  c rea t in ine . Plasma levels fo r  

IgA, IgG and IgM and complement components C1q, C3 and C4 were the  same In 

normal s u b je c ts  as In CRF w he the r o r  not on d ia lys is .

COMMENT

The f in d in g s  In th is  s tu d y  sugges t th a t  th e re  Is impaired n e u tro p h il  and 

normal B lym phocy te  fu n c t io n  in c h ro n ic  uremia as Ind ica ted by depressed 

phagocy t ic  a c t iv i ty ,  and normal immunoglobu lin  levels in uraemic sub jec ts .  

Depressed phagocy t ic  a c t iv i ty  ca lls  fo r  care in the  hand ling  o f these pa t ien ts  

while doing any p rocedu res  to  avoid unw arran ted  In fections. In  the  even t o f 

in fec t ion , care should be taken while se lec ting  the  r ig h t  an t ibac te r ia l the rapy .  

D ia lysis shou ld be s ta r ted  ea r ly  when ind ica ted .

E a r l ie r  s tud ies  (22, 24) have demonstrated a h igh inc idence o f TB In these 

patients . This Implies th a t  th e re  Is impaired T lym phocy te  fu n c t io n .  In  a
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community where the re  is a h igh inc idence of TB, a s tu d y  o f th is  aspect o f 

immune defence is suggested.
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LIST OF ABBREVIATIONS

1. AMREF -  A fr ican  Medical and Research Foundation.

2. CRF -  Chron ic  Renal Failure.

3. ERSD -  E nd-s tage  Renal Disease.

4. GIT -  G a s t io - in te s t in a l Tract.

5. HBSS -  Hanks Balanced Salt Solution.

6. HD -  Haemodialysis.

7. K.N.H. -  Kenyatta  National Hospital.

8. MTB -  M ycobactgerium  tube rcu los is .

9. Rh-ve -  Rhesus negative.

10. R.P.M. -  Revolu tions per m inute
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FIG 1: Graph showing phagocytic indices % plotted against log^ serum
phosphate concentration for stable CRF patients.

Correlation = -0.41 
p < 0.05

I



Login [UREA] (mmol/l)IU ( V
FIG 2: Graph showing phagocytic indices % plotted against log^ urea1

concentration for stable CRF patients. No relationship.

Correlation = 0.12 
p > 0.05
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FIG 3: Phagocytic Index % plotted against log^Q creatinine concentration
in stable CRF patients. No relationship

Correlation = 0.09 
p > 0.05
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I*LA i IvS

A single neutrophil can ingest few Candida particles like the one 
above in plate 1 which ingested 2, or many like the one below in 
plate 2 which ingested 6. The neutrophils are indicated by the arrows.

Plate 2
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Plate 3

Cadida albican cells. The live cells (indicated by arrows) appear 
white while the dead ones (in circles) take up methylene blue and appear intense blue after staining with the dye.
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