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ABSTRACT 

A quantified sediment of the urine from patients with indwelling catheters 

was prepared by fixation of 0.1 ml urine in 0.9 ml 2% glutaraldehyde immediately 

after sampling. Slide preparations were then made from 0.2 ml of the glutaral- 

dehyde suspension by means of a cytocentrifuge. 

were properly contrasted by the May-Grunwald-Giemsa stain but haematoxylin- 

eosin and the Papanicolaou stain were superior as regards leukocyte morphology. 

It is suggested that glu tara ldehyde-cytocent r i fuge  preparations of the urine 

cytology may be useful in the evaluation of urinary infection and in the 

evaluation of the therapy of urinary infection. 

Bacteria and epithelial cells 

INTRODUCTION 

The microscopic examination of urine sediments is a rapid and simple proce- 

dure which provides essential information in many cases of kidney disease or 

infections in the urinary tract. The conventional urinary sediment has, how- 

ever, serious pitfalls, e.g. low reproducibility, low precision and high vul- 

nerability to delay in transport and preparation (1-10). 

It nevertheless seemed desirable to make a quantified urine sediment from 

patients with indwelling catheters in order to evaluate urinary infection and 

the effects of therapy. Since delay in transport and preparation could not be 

avoided under the conditions prevailing, we chose to "freeze" the cell picture 

at the moment of sampling by fixation. 

The aim of the present study was to identify a simple and rapid method of 

sampling, fixing and quantifying the cytology of the urine from patients with 

indwelling catheters. Different staining procedures were also compared as re- 

gards the contrast and detail revealed in the morphology of bacteria and leu- 

kocytes. 
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MATERIAL AND METHODS 

The urine was sampled from 14 inpatients at the somatogeriatric wards at 
Saint Lars Hospital, Lund, twice a week during the pre-treatment control period, 

days 10-17 , during treatment with methenamine hippurate (MH, HiprexR, Riker 

Laboratories, Loughborough, Leicestershire, England), 2 g x 3 ,  days 18-52 and 

during the post-treatment control period, days 6 6 - 7 3 .  During days 1-9 different 
cytocentrifuge preparations of leukocytes and bacteria were evaluated. 

All patients had an indwelling catheter with continuous flow of the urine in- 

to a bag with a valve preventing back flow (closed system) for months or years 

prior to the present study. The catheter was plugged 20-30 minutes before sam- 

pling. The urine, approximately 15 ml, was collected in a sterile plastic tube 

and thoroughly shaken in order to disperse the solid matter. The specimen (0.1 

ml) was then immediately transferred to 0.9 ml 2% glutaraldehyde in phosphate 

buffer, 0.135 M, pH 7 . 4 .  Cells and bacteria were spun down on slides 2-4 hrs 

later by means of a cytocentrifuge (Shandon-Elliot Cytospin), 1,000 r.p.m., 10 

minutes, 0 . 2  ml of the cell suspension. 

During the present study 197 double preparations of urine sediments were ob- 

tained. One preparation was always stained according to May-Griinwald-Giemsa 

(MGG), which was chosen as reference stain to confirm with the haematological 

traditions of the laboratory. Other routine stains available in the laboratory 

were used for the remaining preparation and compared with MGG: haematoxylin- 

eosin (Mayer's Haematoxyl in-Erytrosin) ,  the Papanicolaou stain, periodic acid 

Schiff (PAS), methyl green-eosin or haematoxylin-eosin-methylene blue. In ad- 

dition, staining with acridine orange at low pH ( 4 )  was tried. The evaluation 

of the staining procedures was performed by means of a Zeiss Photomicroscope 

equipped with a planachromatic x 100 objective (cf. Figs 1-3). 

RESULTS 

The cytological picture of urine sediments occasionally shed light on the 

associated disease; the renal lesions in a patient with hyperparathyroidism 

and urinary tract infection were confirmed by the finding of numerous hyaline 

casts with embedded leukocytes, sugcestive of protein loss in the urine and re- 

nal inflammation (Fig. 1). 
The glutaraldehyde fixation was so rapid and effective that leukocytes were 

caught in different stages of the locomotory cycle (Fig. ZB), in different sta- 

ges of phagocytosis (Fig. 2B) and in different stages of disintegration (Figs. 

l B ,  3). 

The staining of glu tara ldehyde-cytocent r i fuge  preparations entailed several 

problems. The basic haematological stain, May-Grunwald-Giemsa (MGG), produced 
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Fig.  1. From p a t i e n t  no. 8, an 80-year-old man wi th  c e r e b r a l  a r t e r i o s c l e r o s i s ,  
a moderate degree of r e n a l  f a i l u r e  ( s - c r e a t .  130-150-140 mmol/l), and hyper- 
para thyro id ism (s-Ca 3.7-2.5-2.8 mmol/l, s-P 0.8-0.8 m o l / l ,  s-parathormone 
690-510 pmol / l ) .  The u r i n e  sediment contained numerous h y a l i n e  c a s t s  wi th  em- 
bedded leukocytes .  The leukocyte  c a s t s  suggested r e n a l  l e s i o n s  induced by 
hypercalcemia o r  u r i n a r y  t r a c t  i n f e c t i o n ,  o r  bo th .  S t a i n i n g  according t o  May- 
Griinwald-Giemsa. 

Fig.  1 A .  Low-power f i e l d ,  magni f ica t ionx134.  Two h y a l i n e  casts (Cy) wi th  em- 
bedded leukocytes .  Except f o r  t h e  c a s t s ,  t h e  p i c t u r e  i s  t y p i c a l  of t h e  u r i n e  
sediment from a p a t i e n t  wi th  indwel l ing  c a t h e t e r  and h e a v i l y  i n f e c t e d  u r i n e ,  
i . e .  numerous b a c t e r i a  and leukocytes ,  some i n  l y s i s .  This  specimen w a s  ob- 
t a i n e d  a f t e r  t rea tment  wi th  methenamine h i p p u r a t e ,  2 g x 3 ,  f o r  22 days. 

Fig.  1 B .  Detail  from Fig .  l A ,  m a g n i f i c a t i o n x l , 3 3 6  of a p a r t  of a h y a l i n e  c a s t  
(enclosed a r e a ) .  Two leukocytes  (L) ,  surrounded by b r i g h t  h a l o s ,  a r e  embedded 
i n  t h e  c a s t .  Two c e l l s  i n  l y s i s  (C) are a l s o  seen,  one embedded i n  t h e  c a s t .  
B: b a c t e r i a ,  probably pro teus  m i r a b i l i s ,  which were r e p e a t e d l y  c u l t u r e d  from 
t h e  u r i n e  of t h i s  p a t i e n t .  

a b r i l l i a n t  c o n t r a s t  i n  e p i t h e l i a l  cel ls  and b a c t e r i a  (Fig.  2 A ) .  The leukocytes  

were, however, overloaded w i t h  s t a i n  which v e i l e d  i n t r a c e l l u l a r  d e t a i l s  ( F i g s .  
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F i g .  2A. The u r i n e  sediment from an 82-year-old female,  p a t i e n t  no. 5 ,  p r i o r  
t o  t rea tment  with methenamine h ippura te .  The c y t o l o g i c a l  p i c t u r e  w a s  dominated 
by b a c t e r i a  of which two s t r a i n s  a r e  shown, B apparent ly  s t rep tococcus  faeca- 
l i s ,  B apparent ly  E c o l i ,  bo th  of which were found i n  h e r  u r i n e  c u l t u r e s .  
The upper p a r t  of t h e  microphotograph i s  dominated by an e p i t h e l i a l  c e l l ,  t h e  
borders  of which a r e  i n d i c a t e d  by arrows. N: 
L: l eukocytes ,  one probably l o c a t e d  w i t h i n  tho- cytoplasm of t h e  e p i t h e l i a l  
ce l l .  S t a i n i n g  accord ing  t o  May-Grunwald-Giemsa. Magni f ica t ion  ~ 1 , 3 3 6 .  

F i g .  2B.  Urine sediment from an 82-year-old female,  p a t .  no. 7 ,  p r i o r  t o  t r e a t -  
ment wi th  methenamine h i p p u r a t e .  Leukocytes caught i n  t h e  hunt  and phagocy- 
t o s i s  of b a c t e r i a .  Many of t h e  leukocytes  have t h e  e longated  shape t y p i c a l  of 
c e l l s  i n  locomotion, amoeboid movement c o n f i g u r a t i o n .  Phagocytosis  i s  per for -  
med by ex tens ion  of t h e  t h i n  grane la- f ree  cytoplasmic v e i l  i n  t h e  f r o n t  p a r t  
of t h e  leukocytes ,  t h e  lamellipodium ( I p )  towards and around t h e  b a c t e r i a  (B). 
S e v e r a l  b a c t e r i a  are found w i t h i n  leukocytes  and surrounded by phagocyt ic  
vacuoles  ( s e e  e .g .  arrow).  S t a i n i n g  according t o  May-Grunwald-Giemsa. Mag- 
n i f i c a t i o n  ~ 1 , 3 3 6 .  

l 
2 

nucleus of t h e  e p i t h e l i a l  c e l l .  

1, 2A) w i t h  r a r e  except ions  ( F i g .  2B) .  

MGG s t a i n  a s  regards  leukocyte  morphology and c l e a r l y  i n f e r i o r  t o  VGC i v  t h e  

s t a i n i n g  of h a c t e r i a .  

The PAS s t a i n  v7as n e a r l y  as bac! as t h e  
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Fig .  3. The hematoxylin-eosin s t a i n  provided b e t t e r  t ransparency  of cytoplasm 
and nucleus than  t h e  May-Griinwald-Giemsa s t a i n  b u t  b a c t e r i a  was h a r d l y  v i s i b l e  
( B ) .  It i s  e v i d e n t  t h a t  t h e  v a s t  m a j o r i t y  of leukocytes  i n  t h e  u r i n e  of p a t i -  
e n t s  wi th indwel l ing  c a t h e t e r s  are polymorphonuclears. AMC: amoeboid movement 
c o n f i g u r a t i o n ,  t h e  e longated  c e l l  shape sugges t ive  of locomotion a t  t h e  moment 
of f i x a t i o n .  Some leukocytes  were f i x e d  i n  t h e  s t a t e  of pycnosis  ( P ) ,  karyor-  
rhexis  (K)  o r  c y t o l y s i s  ( C ) .  

Urine sediment from an 81-year-old male,  p a t i e n t  no. 2 ,  wi th  c e r e b r a l  a r t e -  
r i o s c l e r o s i s  and a moderate degree of c a r d i a c  f a i l u r e ,  a f t e r  t rea tment  w i t h  
methenamine h i p p u r a t e  f o r  1 7  days. Magni f ica t ion  1 , 3 3 6 .  

Haematoxylin-eosin and t h e  Papanicolaou s t a i n  provided i n t e r e s t i n g  a l t e r n a -  

t i v e s  t o  t h e  MGG s t a i n .  The n u c l e a r  and cytoplasmic d e t a i l s  o f  l eukocytes  were 

b e t t e r  v i s u a l i z e d  than i n  MGG-stained p r e p a r a t i o n s  (F ig .  3) wi thout  l i t t l e  d i f -  

fe rence  between t h e  HE s t a i n  and t h e  Papanicolaou s t a i n .  A t  l e a s t  90-99% of t h e  

leukocytes  i n  t h e  u r i n e  of t h e s e  c a t h e t e r i z e d  p a t i e n t s  were granulocytes .  

t h e l i a l  c e l l s  were s t a i n e d  p r o p e r l y  by both HE and t h e  Papanicolaou s t a i n .  

t e r i a  were o f t e n  h a r d l y  v i s i b l e  i n  p r e p a r a t i o n s  s t a i n e d  by HE and only s l i g h t l y  

e a s i e r  t o  s e e  i n  p r e p a r a t i o n s  s t a i n e d  by t h e  Papanicolaou s t a i n .  

Epi- 

Bac- 

Other  s t a i n i n g  
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procedures  wi th  methyl green  and e o s i n ,  HE combined with methylene b l u e  and ac- 

r i d i n e  orange a t  low pH d i d  not  improve t h e  c y t o l o g i c a l  p i c t u r e .  

Treatment of t h e  p a t i e n t  w i t h  MH, 2 g x 3 d a i l y ,  d i d  not  i n h i b i t  leukocyte  

a c t i v i t y ,  a s  r e f l e c t e d  by morphological s i g n s  of locomotion and phagocytos is .  

Both c l i n i c a l  and c y t o l o g i c a l  e f f e c t s  of MH t rea tment  were, however, ambiguous. 

I n  some p a t i e n t s  t h e  u r i n e  c l a r i f i e d ,  i n  o t h e r  p a t i e n t s  i t  d id  n o t .  I n  some pa- 

t i e n t s ,  t h e  presence of e p i t h e l i a l  c e l l s  wi thout  leukocytes  and b a c t e r i a  sug- 

ges ted  a b e n e f i c i a l  e f f e c t  of MH t rea tment ,  i n  o t h e r  p a t i e n t s  p y u r i a  and bac- 

t e r i u r i a  p e r s i s t e d .  It  w a s  e v i d e n t  t h a t  a p o s s i b l e  reduct ion  i n  p y u r i a ,  bac- 

t e r i u r i a  and o t h e r  complicat ions of c a t h e t e r i z a t i o n  had t o  be e v a l u a t e d  by more 

q u a n t i t a t i v e  methods amenable t o  s t a t i s t i c a l  t e s t s .  

DISCUSSION 

The u r i n e  from p a t i e n t s  wi th  indwel l ing  c a t h e t e r s  i s  u s u a l l y  h e a v i l y  con- 

taminated by b a c t e r i a  w i t h  secondary invas ion  of  leukocytes .  The contaminat ion 

of  t h e  u r i n e  cannot be  e v a l u a t e d  by convent iona l  microscopy of t h e  sediment un- 

less microscope, c e n t r i f u g e  and microscopis t  are v i r t u a l l y  a t  t h e  p a t i e n t ’ s  bed- 

s i d e .  Leukocytes d i s i n t e g r a t e  ( c f .  2 ,  5, 10) and b a c t e r i a  m u l t i p l y  every  20- 

60 minutes .  

The cloudy u r i n e  of c a t h e t e r i z e d  p a t i e n t s  - due t o  t h e  presence  of mucus, 

s a l t  p r e c i p i t a t e s  and aggrega tes  of b a c t e r i a ,  leukocytes  and e p i t h e l i a l  c e l l s  - 
w a s  a major source  of v a r i a t i o n  between double p r e p a r a t i o n s  from t h e  same sam- 

p l e .  Other  p i t f a l l s  were lo s s  of c e l l s  dur ing  c e n t r i f u g a t i o n  due t o  adherence 

t o  t h e  w a l l s  of t h e  p l a s t i c  chamber of t h e  c e n t r i f u g e ,  l o s s  of c e l l s  i n t o  t h e  

f i l t e r  paper  dur ing  c e n t r i f u g a t i o n ,  and l o s s  of cel ls  from t h e  s l i d e s  during 

t h e  dry ing  and s t a i n i n g .  

The leukocytes  p r e s e n t  i n  t h e  glutaraldehyde-cytocentrifuge sediments  of ca- 

t h e t e r  u r i n e  c o n s i s t e d  t o  90-99% of granulocytes .  (F igs .  1-3.) T h i s  f i n d i n g  

i s  i n  agreement w i t h  observa t ions  of previous a u t h o r s  on p a t i e n t s  w i t h  bac- 

t e r i u r i a  (5 ) .  The morphology of t h e  b a c t e r i a  w a s  sometimes s u f f i c i e n t l y  d i s -  

t i n c t  t o  permit  a t e n t a t i v e  i d e n t i f i c a t i o n  of b a c t e r i a l  s p e c i e s  (F ig .  2A) .  

I n  convent iona l  c o v e r s l i p  p r e p a r a t i o n s  of  u r i n e  sediment, v i t a l  leukocytes  

are sometimes seen  hunt ing  and phagocyt i s ing  b a c t e r i a .  

seen  i n  a i r - d r i e d  p r e p a r a t i o n s  of leukocyte  suspens ions ,  apparent ly  due t o  t h e  

slowness of t h e  method; t h e  leukocytes  s t o p  hunt ing  and take  up a s t a t i o n a r y  

s p h e r i c a l  form dur ing  p r e p a r a t i o n .  

The g lu ta ra ldehyde  f i x a t i o n  was r a p i d  and e f f e c t i v e ,  as evidenced by t h e  f i n -  

This  phenomen i s  n o t  

d ing  of leukocytes  w i t h  t h e  elongated shape of moving c e l l s  and leukocytes  i n  

d i f f e r e n t  s t a g e s  of d i s i n t e g r a t i o n .  

The leukocytes  were f i x e d  i n  t h e  rounded shape of suspended c e l l s ,  n o t  i n  t h e  
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f l a t t e n e d s h a p e  of smeared and a i r - d r i e d  c e l l s .  

thus  became l o c a t e d  i n  d i f f e r e n t  o p t i c a l  planes on t h e  s l i d e  due t o  t h e  r e s t r i c -  

t e d  depth of t h e  v i s u a l  f i e l d  ( 0 . 2 - 0 . 4 ~ m ) .  

of b a c t e r i a  more d i f f i c u l t .  

The leukocytes  and t h e  b a c t e r i a  

This  f a c t  rendered t h e  assessment 

The glutaraldehyde-cytocentrifuge method had some obvious advantages over  t h e  

convent ional  c o v e r s l i p  p r e p a r a t i o n  of u r i n e  sediment and t h e  c o n t r a s t i n g  proce- 

dures  descr ibed  by previous au thors  (1-10). The c y t o l o g i c a l  and b a c t e r i o l o g i c a l  

p i c t u r e  of t h e  u r i n e  w a s  f rozen  i n  t h e  s t a t e  e x i s t i n g  a t  t h e  moment of sampling. 

Cells and b a c t e r i a  on t h e  s l i d e  were l i n e a r l y  c o r r e l a t e d  t o  t h e  c e l l u l a r i t y  of 

t h e  o r i g i n a l  sample and were p r o p e r l y  c o n t r a s t e d  by r o u t i n e  c y t o l o g i c a l  s t a i n s .  

The p r e p a r a t i o n  of t h e  u r i n e  dur ing  i t s  t r a n s f e r  from t h e  c a t h e t e r  t o  micro- 

scope w a s  r e l a t i v e l y  s imple and r a p i d .  

I n  s p i t e  of  t h e  p i t f a l l s  a s s o c i a t e d  wi th  sampling, p r e p a r a t i o n  and assessment 

of t h e  inflammatory cytology of t h e  u r i n e  from p a t i e n t s  w i t h  indwel l ing  cathe-  

t e r s ,  t h e  glutaraldehyde-cytocentrifuge sediment provided a rough q u a n t i t a t i v e  

measure of u r i n e  contaminat ion.  B a c t e r i a  were b e s t  v i s u a l i z e d  by t h e  MGG s t a i n ,  

leukocytes  by HE o r  by t h e  Papanicolaou s t a i n .  
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