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ABSTRACT 
A review of the l i t e ra ture  concerning p2-microglobulinuria d u r i n g  treatment 

w i t h  ant ibiot ics  and d u r i n g  febr i le  conditions i s  presented. Aminoglycoside 
treatment in normally used therapeutic doses causes an impairment of the 
tubul ar reabsorpti ve capacity as evidenced by p2-microgl obul i nuria i n  the 
majority of patients.  Increases i n  urinary p2-microglobulin can, however, n o t  
be used t o  predict clinical  nephrotoxicity i n  the individual patient since the 
urinary concentration i s  dependent on several factors. The main indication for 
measuring urinary concentrations of t h i s  protein during aminoglycoside t rea t -  
ment i s  t o  compare the nephrotoxic potential of different aminoglycosides and 
possibly of other antimicrobial agents, e.g. cephalosporins. Fever causes a 
temporary impairment of the proximal tubular reabsorptive capacity with i n -  
creases i n  the urine of several low molecular weight proteins, e.g. p2- 
microglobulin. I t  i s  therefore highly l ikely that  this i s  the explanation of 
the p2-microglobulinuria seen in patients w i t h  pyelonephritis. The  suggestion 
tha t  measurements of urinary p2-microglobulin could be of value to  determine 
renal involvement of urinary t r a c t  infections is  therefore doubtful. 

INTRODUCTION 
The renal proximal tubuli are the primary target for aminoglycosides and for 

cephalosporins w i t h  nephrotoxic side effects .  The proximal tubul i are a lso the 
s i t e  where f i l t e r ed  p2-microglobulin i s  normally absorbed and metabolized. 
Damage of the tubuli will resul t  i n  a reduced absorption and concomitant 
excess loss of p2-microglobulin i n  f inal  urine. Measurement of urinary p2- 
microglobulin has ,  therefore, been advocated as an early t e s t  of renal damage 
from antimicrobial therapy before c l inical  nephrotoxicity becomes apparent. 
However, several issues complicate the interpretation of urinary p2- 
microglobulin values in such patients. f i r s t l y ,  a clear-cut association 
between proximal tubular damage and cl inical  nephrotoxicity - as revealed by 
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an increased serum creatinine value - has not been established. Secondly, the 
increased loss of p2-microglobulin i n  urine in patients w i t h  infectious 
diseases may have other causes than antimicrobial toxicity.  Thus, p2- 
microglobulinuria has been described t o  occur i n  patients with fever and in 
patients w i t h  an impaired glomerular f i l t r a t ion  rate.  

The following review i s  an e f for t  t o  position the value of measurement of 
urinary p2-microglobulin in patients with infectious diseases receiving t rea t -  
ment w i t h  nephrotoxic antimicrobial agents. 

, 

AMINOGLYCOSIDE-ASSOCIATED NEPHROTOXICITY AND p2-MICROGLOBULINURIA 
Aminoglycoside treatment resul ts  in tubular and glomerular changes in 

vir tual ly  a l l  patients receiving these drugs in normally used therapeutic 
doses. The glomerular impairment i s  detectable af ter  less  t h a n  one week of 
treatment by measurement of 51Chrome-EDTA clearance (18).  The effects  on the 
proximal tubuli are detected immediately a f te r  ini t ia t ion of therapy by the 
increased act ivi ty  i n  the urine of enzymes o r i g i n a t i n g  from proximal tubular 
ce l l s ,  e.g. alanine aminopeptidase and N-acetyl-p-D-glucosaminidase (9 ,  16, 

19 , ) .  
In many patients there i s  also an increase in the urinary loss of p2-micro- 

globulin indicating an impairment  of  the proximal tubular reabsorptive 
capacity (14, 16, 19) .  Intraindividual changes are,  however, sometimes dif- 
f i c u l t  t o  interpret ,  since increases i n  urinary p2-microglobulin can also be 
the resul t  o f  changes in tubular function due t o  underlying infections, fever, 
trauma or operations (6,  25). Many patients,  therefore have high urinary p2- 
microglobulin levels before s t a r t  of aminoglycoside treatment which make i t  
d i f f i cu l t  t o  evaluate the reasons for changes during treatment. In addition, 
patients w i t h  reduced glomerular f i l t r a t ion  rate and subsequently high serum 
p2-microglobulin levels  may lose excess p2-microglobulin in the urine due t o  
saturation of the tubular reabsorptive capacity ( 2 4 ) .  Due t o  the unique an- 
t ibacter ia l  spectrum of the aminoglocysides i t  has until recently not been 
possible t o  perform comparative studies on urinary p2-microglobul in in 
patients receiving aminoglycosides and non-aminoglycoside antibiotics.  W i t h  
the introduction of new broad-spectrum p-lactam ant ibiot ics  t h i s  i s  now 
possible. We have, in a comparative study shown a significant increase i n  
urinary p2-microglobulin i n  gentamicintreated patients as compared t o  patients 
receiving the p-lactam cefotetan (201. 

Increases in urinary p2-microgl obul in during ami noglycosi de treatment are 
subjected t o  major intraindividual variations and a l l  patients do not develop 
increases (14, 16, 18, 19). The percentage of patients who develop increases 
in urinary levels o f . t he  protein varies between different studies,  as does the 
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s i z e  o f  peak l e v e l  achieved. I n  some p a t i e n t s  an i n i t i a l  r i s e  i n  u r i n a r y  p2- 

m i c r o g l o b u l i n  l e v e l s  i s  f o l l o w e d  by a d e c l i n e  d u r i n g  t h e  same t rea tmen t  course 
(15, 19 ) .  It i s  n o t  known if t h i s  f a l l  i s  due t o  r e g e n e r a t i o n  o f  t u b u l a r  

eph i the l i um,  as suggested by an animal s tudy (8) o r  has o t h e r  causes. 

c l i n i c a l  n e p h r o t o x i c i t y  and t h u s  t o  m o n i t o r  aminoglycos ide t rea tmen t  (14, 1 6 ) .  
T h i s  suggest ion has, however, been c o n t r a d i c t e d  by two s t u d i e s ,  i n  which i t  
was found t h a t  t h e  l e v e l s  i n  t h e  u r i n e  o f  t h e  p r o t e i n  c o u l d  n o t  be c o r r e l a t e d  
t o  subsequent serum c r e a t i n i n e  i nc reases  (4, 19,). It i s  t h e r e f o r e  nly o p i n i o n  

t h a t  p2 -m ic rog lobu l i n  measurements c u r r e n t l y  have no p l a c e  i n  t h e  r o u t i n e  
c l i n i c a l  management of aminoglycos ide t r e a t e d  p a t i e n t s .  When, however, new 

aminoglycosides a r e  s t u d i e d  o r  when o l d  compounds a r e  compared u r i n a r y  p2- 
m i c r o g l o b u l i n  shou ld  be determined i n  combinat ion w i t h  o t h e r  s e n s i t i v e  t e s t s  

f o r  d e t e c t i o n  o f  r e n a l  s i d e  e f f e c t s ,  e.g. u r i n a r y  enzymes and 51Chrome-EDTA 
c learance.  

It has been suggested t h a t  u r i n a r y  p2 -m ic rog lobu l i n  can be used t o  p r e d i c t  

ARE CEPHALOSPORINS TUBULOTOXIC I N  MAN ? 

It has been c l e a r l y  shown i n  exper imenta l  animals t h a t  a l l  cephalospor ins 

have a nephro tox i c  p o t e n t i a l  when g i v e n  i n  s u f f i c i e n t l y  h i g h  doses (11) .  It 

has a l s o  been c l e a r l y  shown i n  p a t i e n t s  t h a t  c e p h a l o r i d i n e ,  one o f  t h e  o l d e s t  
compounds o f  t h e  cepha lospor in  f a m i l y ,  was respons ib le  f o r  nephro tox i c  reac- 

t i o n s  ( 3 ) .  The nephro tox i c  r e a c t i o n s  o f  cephalospor ins i n  exper imenta l  an imals  
a r e  l o c a l i s e d  t o  t h e  prox imal  t u b u l i  ( 7 ,  11, 17). S i m i l a r  t o  aminoglycoside 
n e p h r o t o x i c i t y  cepha lospor in  n e h p r o t o x i c i t y  i s  r e l a t e d  t o  h i g h  c o n c e n t r a t i o n s  
o f  t h e  d rug  i n  t h e  prox imal  t u b u l a r  c e l l s  (21, 22). It i s  hypothes ized t h a t  

cephalospor ins which e n t e r  t h e  t u b u l a r  c e l l s  and t h e r e a f t e r  a r e  a c t i v e l y  
sec re ted  have a ve ry  l ow  nephro tox i c  p o t e n t i a l ,  w h i l e  compounds l i k e  
c e p h a l o r i d i n e ,  which e n t e r  t h e  t u b u l a r  c e l l s  w i t h o u t  b e i n g  secreted, accumu- 

l a t e  t h e r e  and have a h i g h e r  nephro tox i c  p o t e n t i a l  (10, 21, 22) .  A t  t h e  t i m e  
when c e p h a l o r i d i n e  was much used, de te rm ina t ions  o f  p2 -m ic rog lobu l i n  o r  o t h e r  

l ow  mo lecu la r  we igh t  p r o t e i n s  i n  t h e  u r i n e  were n o t  per formed f o r  t h e  evalua-  
t i o n  of a n t i b i o t i c  induced t u b u l o t o x i c i t y  and no data are, t h e r e f o r e  a v a i l a b l e  
t o  what e x t e n t  t h e  prox imal  t u b u l a r  r e a b s o r p t i v e  c a p a c i t y  was impa i red  by t h e  
drug. The l o c a l i s a t i o n  o f  t h e  h i s t o p a t h o l o g i c  l e s i o n s  i n  c e p h a l o r i d i n e  t r e a t e d  
animals  and s i m i l a r i t i e s  between c e p h a l o r i d i n e  and aminoglycos ide accumulat ion 
i n  prox imal  t u b u l a r  c e l l s  s t r o n g l y  suggest, however, t h a t  c e p h a l o r i d i n e  m i g h t  

i m p a i r  t h e  t u b u l a r  r e a b s o r p t i v e  c a p a c i t y  o f  l ow  mo lecu la r  we igh t  p r o t e i n s .  

Most o f  t h e  c u r r e n t l y  a v a i l a b l e  cephalospor ins,  w i t h  t h e  p o s s i b l e  excep t ion  o f  

ce f taz id ime ,  a r e  n o t  nephro tox i c  a t  serum concen t ra t i ons  used i n  c l i n i c a l  

p r a c t i  ve. C e f t a z i  dime causes a small  decrese o f  t h e  g l  omerul a r  f i  1 t r a t i o n  r a t e  

3-85857 1 33 



( 1 ,  10) and i s ,  l i k e  c e p h a l o r i d i n e ,  e x c r e t e d  through t h e  g l o m e r u l i  ( 5 ) .  I n  two 

s t u d i e s  no e f f e c t s  of t h e  d rug  on u r i n a r y  p2 -m ic rog lobu l i n  l e v e l s  c o u l d  be I 

demonstrated ( 1 ,  10). Due t o  wide v a r i a t i o n  o f  p re t rea tmen t  p2 -m ic rog lobu l i n  

l e v e l s ,  l a r g e r  comperat ive s t u d i e s  are,  however, necessary t o  exc lude any 

drug-induced t u b u l a r  i npa i rmen t .  

cepha lospor in  induced r e n a l  changes. I n  view o f  t h e  l a r g e  number o f  

cephalospor ins and r e l a t e d  compounds which a r e  c u r r e n t l y  e n t e r i n g  t h e  market 

i t  i s  ext remely i m p o r t a n t  t h a t  any s igns  o f  n e p h r o t o x i c i t y  a r e  d i scove red  a t  

an e a r l y  s tage and r e l a t e d  t o  p o s s i b l e  b e n e f i t s  be fo re  a new d rug  i s  a l l owed  

t o  be r e g i s t e r e d  f o r  use. One o f  t h e  seve ra l  t e s t s  s u i t a b l e  f o r  e v a l u a t i o n  o f  

r e n a l  s i d e  e f f e c t s  i s  i n  my o p i n i o n  t h e  i n d i r e c t  measurement o f  prox imal  

t u b u l a r  r e a b s o r p t i  ve c a p a c i t y  by u r i n a r y  p2-microgl obul i n .  

I n  summary, t h e r e  i s  i n s u f f i c i e n t  knowledge on t h e  mechanism o f  

UPPER URINARY TRACT INFECTIONS, FEVER AND p2-MICROGOLBULINURIA 

" F e b r i l e  p r o t e i n u r i a "  i s  a we1 1 -known phenomenon desc r ibed  severa l  decades 

ago (2,  231, b u t  t h e  composi t ion o f  t h e  p r o t e i n s  exc re ted  i n  e l e v a t e d  amounts 
i n  p a t i e n t s  w i t h  f e v e r  has n o t  u n t i l  r e c e n t l y  been s tud ied .  I n  a s tudy f rom 

Denmark (6) p a t i e n t s  wi th  f e b r i l e  i n f e c t i o n s  n o t  i n v o l v i n g  t h e  u r i n a r y  t r a c t  

showed a t u b u l a r  p a t t e r n  o f  p r o t e i n u r i a  c h a r a c t e r i z e d  by t h e  i nc rease  o f  4 l ow  

mo lecu la r  we igh t  p r o t e i n s  ( f r e e  lambda and kappa l i g h t  cha ins  f rom i m -  
munoglobulins, lysozyme and p2 -m ic rog lobu l i n ) .  P a t i e n t s  w i t h  temperature above 

38.5OC had s i g n i f i c a n t l y  h i g h e r  l e v e l s  o f  t hese  p r o t e i n s  than  p a t i e n t s  w i t h  

temperature between 38.O0and 38.5OC. Three days a f t e r  normal i s a t i o n  o f  t h e  

temperature t h e  u r i n a r y  c o n c e n t r a t i o n  o f  t h e  l ow  mo lecu la r  we igh t  p r o t e i n s  had 

normal ised.  Some o f  t h e  f e b r i l e  p a t i e n t s  a l s o  showed a "g lomeru la r  

p r o t e i n u r i a "  w i t h  e l e v a t e d  u r i n a r y  l e v e l s  o f  h i g h  mo lecu la r  we igh t  p r o t e i n s ,  

e.g albumin, c o n c u r r e n t l y  w i t h  t h e  t u b u l a r  p r o t e i n u r i a .  The "g lomeru la r  

p r o t e i n u r i a "  p e r s i s t e d  f o r  l o n g e r  t i m e  than  t h e  " t u b u l a r  p r o t e i n u r i a " .  The 

au tho rs  suggest t h a t  t h e  f e v e r  pe r  se caused an impairment o f  t h e  prox imal  

t u b u l a r  r e a b s o r p t i  ve c a p a c i t y  o f  1 ow mo lecu la r  we igh t  p r o t e i n s  w h i l e  o t h e r  

f a c t o r s  i n  t h e  i n f e c t i o u s  process caused t h e  g lomeru la r  leakage o f  h i g h  

mo lecu la r  we igh t  p r o t e i n s .  

A r e t r o s p e c t i v e  a n a l y s i s  o f  pooled data f rom s t u d i e s  on a n t i b i o t i c  

n e p h r o t o x i c i t y  conducted by t h e  rev iewer  and co-workers ( 1 ,  10, 18, 19 and 

o t h e r s )  suppor ts  t h e  Danish r e s u l t s .  The s t u d i e s  i n c l u d e  208 p a t i e n t s  w i t h  

i n f e c t i o n s  n o t  i n v o l v i n g  t h e  k idneys.  Be fo re  s t a r t  o f  a n t i b i o t i c  t reatment ,  71 

o f  96 f e b r i l e  p a t i e n t s  (74%) had u r i n a r y  p2-microglobul  i n  concen t ra t i ons  above 

60 mg/mol c r e a t i n i n e  compared t o  53 o f  112 a f e b r i l e  p a t i e n t s  (47%). I f  o n l y  

p a t i e n t s  w i t h  serum p2-microglobul  i n  l e v e l s  below 4.5 mg/l were considered 46 
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of 69 f e b r i l e  pa t i en ts  167%) and 27 o f  84 a f e b r i l e  p a t i e n t s  (32%) had u r ina ry  

s i g n i f i c a n t  dif ferences between the  f e b r i l e  and a f e b r i l e  groups (p<O.OOl, 

F isher -s  exact t e s t ) .  Many o f  the  pa t i en ts  w i t h  high fever  and severe 
i n fec t i ons  had u r i n a r y  p2-microglobul in l e v e l s  o f  s i m i l a r  magnitude as 

pa t i en ts  w i t h  pye lonephr i t i s .  With exception o f  aminoglycoside t rea ted  
pa t i en ts  the u r i n a r y  B2-microglobul i n  l e v e l  s decreased towards normal when the 
temperature normalised. 

u n l i k e l y  t h a t  u r i n a r y  p2-microglobul in would be a valuable t o o l  i n  l e v e l  
diagnosis of a u r i na ry  t r a c t  i n f e c t i o n  o r  i n  the  mon i to r ing  o f  treatment 

response i n  p a t i e n t s  w i t h  pyel onephri t i  s , even though t h i s  has been suggested 
(12, 13). Measurement o f  a pa t i en t - s  body temperature should give comparable 

i nformat i  on. 

mic rog lobu l in  l e v e l s  above 60 mg/mol c rea t in ine .  Both comparisons y i e l d  
2- 

I n  view of the  re la t i onsh ip  between fever  and p2-microglobul inur ia i t  i s  

I wish t o  thank Klaus Hiesche, Ph.D., Pharmacia Diagnost ics AB, f o r  review- 
i n g  the manuscript and making valuable suggestions. 
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