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Role of Serological Tests in the 
Diagnosis of Immune Complex 
Disease in Infection of 
Ventriculoatriai Shunts for 
Hydrocephalus 

R. Bayston 1., J. Rodgers 2 

Seven cases of ventriculoatrial shunt infection 
with immune complex disease are reported in 
order to demonstrate the usefulness of measure- 
ment of levels of specific antibody to Staphylo- 
coccus epidermidis in diagnosis. Blood and cere- 
brospinal fluid cultures gave misleading results, 
and there was initial doubt about the diagnosis in 
all seven cases. All showed grossly elevated titres 
of antibody to Staphylococcus epidermidis, with 
raised serum C-reactive protein levels and 
depressed complement levels. Measurement of 
antibody to Staphylococcus epidermidis enables 
the diagnosis of chronic ventriculoatrial shunt in- 
fec6on to be made rapidly and reliably. 

Six years after the first repor ts  of  bacterial  
colonisation of ventriculoatrial  (VA) shunts for 
hydrocephalus,  nephrot ic  syndrome was repor ted  
in two children with longstanding Staphylococcus 
epidermidis shunt colonisation (1) and this dis- 
ease enti ty was later  t e rmed  "shunt  nephri t is"  (2). 
The  condition is now known to be  due to the 
deposit ion of immune  complexes  on the g lomeru-  
lar basement  membranes ,  leading to act ivat ion of 
the cascade of immune  p h e n o m e n a  which results 
in glomerular  destruction (3-5). Despi te  the re- 
c o m m e n d e d  use of  serological screening in 
patients with VA shunts (6), which allows the in- 
fection to be  diagnosed before  immune  complex  
disease appears,  cases still occur and are r epor ted  
in the literature. We repor t  seven cases which il- 
lustrate the difficulties in clinical and labora tory  
diagnosis of  the disease and the usefulness of  
serological tests. 

Materials and Methods. The anti-Staphylococcus 
epidermidis titre (ASET)  was de te rmined  using a 
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previously described method (7) with minor modi- 
fications. Briefly, a stock strain of Staphylococcus 
epidermidis sensu stricto was autoclaved at 121 °C 
for one hour, and aliquots of a suspension were 
then diluted in buffer to give an A'490 value of 
0.890 for use. Serum samples were double-diluted 
in buffer in microtitre trays and antigen suspen- 
sion was added to each well. Final serum dilutions 
ranged from 1/20 to 1/40,960. The trays were 
covered and refrigerated at 4 °C overnight and 
the endpoint read as the highest dilution which 
gave no sign of a "button". Positive and negative 
rabbit sera were included as controls. Normal 
values vary with age (7), and ideally a preopera- 
tive sample should be available as a baseline, but 
single results can be interpreted easily in cases 
with clearly elevated titres. Serum C-reactive pro- 
tein (CRP) and complement levels (C3c and C4) 
were measured in the serum by rate immune tur- 
bidometry using a Turbitimer and specific an- 
tiserum (Behringer, UK). Details for the seven 
patients reported are shown in Table 1. 

Results and Discussion. The findings are shown 
in Tables 1 and 2. The period from the most recent 
shunt operation to diagnosis ranged from 3 to 14 
years (median of 5 years). The duration of illness 
severe enough to warrant medical attention 
ranged from 2 weeks to 13 years (median 3 
months). Fever was the presenting feature in five 
patients, although two patients never ex- 
perienced pyrexia. Headaches and malaise were 
common symptoms, and two patients had chills 
with one showing an intermittent rash. Three 
patients also had nausea and vomiting, and two 
had low back pain. Two patients (cases no. 3 and 
4) were treated unsuccessfully for anaemia with 
iron supplementation before the correct diagno- 
sis was made. Anaemia was a feature in all seven 
cases. The diagnosis was in doubt initially in all 
seven cases, but in cases no. 2, 3, 4 and 5 an incor- 
rect diagnosis was first made and acted upon. In 
case no. 4, the persistent anaemia was thought to 
be due to blood loss, possibly from reflux oeso- 
phagitis, and a Nissen fundoplication was 
planned. The patient's anaemia resolved after 
treatment for shunt infection without the fundo- 
plication. All except two cases showed some evi- 
dence of renal dysfunction. 

The microbiological results are shown in Table 2. 
The incidence of negative or misleading blood 
cultures is evident, and cultures of cerebrospinal 
fluid (CSF) aspirated from the shunt reservoir 
also show negative results in most cases. 

The serological results are shown in Table 2. 
Grossly raised ASET results were found in all 
seven cases, and all had raised CRP levels. Simi- 
larly, all had depressed levels of one or both of the 
complement fractions tested. 

Case no. 3 serves to illustrate the diagnostic diffi- 
culties. The 6-year-old girl with spina bifida had 
had a VA shunt inserted soon after birth; the last 
revision was three years previously. She had been 
unwell for approximately one year with malaise 
and drowsiness, intermittent headaches with 
vomiting and occasional fever. She was investi- 
gated elsewhere, found to be anaemic and given a 
course of oral iron. She did not improve and was 
admitted for investigation. On admission she was 
pyrexial and unwell. Laboratory findings showed 
anaemia despite iron therapy. A CSF sample from 
the shunt reservoir and a blood culture showed no 
growth. Urinalysis showed red cells and albumen. 
Two further blood cultures then grew dissimilar 
strains of Staphylococcus epidermidis, further 
confusing the picture. The ASET was then 20480 
(normal for this age 160). On removal the shunt 
grew Staphylococcus epidermidis with the same 
characteristics as one of the blood culture iso- 
lates. 

The manifestations of infection in ven- 
triculoatrial and ventriculoperitoneal shunts are 
very different. In ventriculoperitoneal shunts in- 
fections present almost always within six months 
of operation, the presenting features usually 
being those of shunt malfunction, with or without 
those of sepsis superimposed. In VA shunts the 
features of infection are very variable. Some cases 
present with obvious systemic sepsis soon after 
operation, but others present years later with evi- 
dence of chronic, low-grade bacteraemia. Al- 
though these cases have also been shown to have 
their origin at surgery (8, 9), patients usually show 
nonspecific or even frankly misleading symptoms 
in the intervening period, and inappropriate in- 
volvement of several other medical specialties 
sometimes leads to delay in diagnosis (10, 11). 

Immune complex disease in patients with VA 
shunts is associated with chronic bacteraemia (2, 
11), and can be prevented by early recognition 
and treatment of the infection (6). Due to the dif- 
ficulty in making a clinical diagnosis before the 
condition becomes overt, there is greater reliance 
on laboratory tests. Blood culture is always car- 
ried out, but can be misleading due to falsely posi- 
tive or contaminated cultures. No positive blood 
cultures at all were found in cases no. 1 and 7. Al- 
though few cultures were taken in these cases, 
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Table 1: Details on patients with immune complex disease and urinary findings. 

Case Sex Age at Cause of Time since 
no. diagnosis hydrocephalus last operation 

(years) (years) 

Fever Anaemia Urea Creatinine Urinalysis 

RBC Casts Protein 

1 F 23 aqueduct stenosis 8 - + R R + + + 
2 F 37 aqueduct stenosis 7 + + - - - 
3 F 6 spina bifida 3 + + ND ND + - + 
4 F 24 spina bifida 5 - + + + + 
5 M 16 post. fossa tumour 5 + + - - - 
6 F 20 spina bifida 14 + + R R + + + 
7 M 27 astrocytoma 5 + + R R + + + 

RBC: red blood cells; R: raised; ND: not done; +: present; - :  absent. 

Table 2: Microbiological and serological findings in patients with immune complex disease. 

Case Blood culture CSFculture Shunt culture ASET c CRP a C3c d C4 J 
no. (mg/l) (g/l) (g/l) 

1 a) negative S. ep idermidis  negative b 10240 (640) 54.6 0.316 0.18 
b) negative 

2 a) S. ep idermidis  a negative S. epidermidis  a 38.2 0.67 0.13 
b) S. ep idermidis  a 

3 S. epidermidis  a a) negative 
b) S. ep idermidis  a 
c) S. ep idermidis  

negative 

4 a) Acine tobac ter  sp. + negative S. capitis a 
S. ep idermid is  

b) negative 
c) negative 
d) negative 
e) negative 
f) negative 
g) S. capitis a 

5 a) negative not done S. ep idermidis  a 
b) S. ep idermidis  a 
c) negative 
d) S. ep idermidis  + 

S. haemoly t icus  
e) S. ep idermidis  

6 a) negative a) negative S. epidermidis a 
b) negative b) negative 
c) S. ep idermidis  a c) S. ep idermidis  a 
d) S. epiderrnidis a 

~0~0 (640) 

20480 (160) 36.0 0.31 0.15 

5120 (640) 32.0 0.255 0.07 

2560 (320) 53.8 0.38 0.•2 

> 40960 (640) 48.9 0.36 0.14 

7 negative S. ep idermidis  negative b 5120 (640) 45.0 0.61 0.17 

a Isolates indistinguishable within (but not between) cases. 
bAntibiotics given for several days previously. 
e An t i -S taphy lococcus  epidermidis  titre; normal titre for age shown in brackets. 
dNormal values: C-reactive protein < 10 mg/1; complement fraction C3c 0.55-1.2 g/l; complement fraction C4 0.2-0.5 g/l. 
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where multiple cultures were done,  as in cases no. 
4, 5 and 6, this did not  greatly assist in establishing 
a diagnosis. Overall ,  of 28 cultures taken, 14 were 
negative and only 9 of the remainder  grew the 
shunt colonising strain. 

Most cases of shunt colonisation are due to 
Staphylococcus epiderrnidis. Using the A S E T  
test, the titre of ant ibody to this organism can be 
shown to rise in a predictable manner  with age in 
uninfected patients, and to rise to very high levels 
in those with colonised VA shunts (6). The an- 
tigenic complex used in the A S E T  is common to 
most species of coagulase-negative staphylococci, 
and this is shown by the reaction to Staphylococ- 
cus cap#is in case no. 4. The test can be used diag- 
nostically but it can also be used as a screening 
test in the first six months after surgery (7). In our  
experience all cases of  VA shunt colonisation are 
detectable serologically in this period, although it 
is possible that some may take longer to show 
seroconversion. 

The  CRP  level is rarely raised in uncomplicated 
Staphylococcus epidermidis VA shunt colonisa- 
tion, and a high CRP level found long after 
surgery is often indicative of immune complex 
disease although this must be confirmed by de- 
monstrat ion of depressed C3c and C4 fractions. 
Anaemia,  refractory to iron therapy, is almost al- 
ways a feature of VA shunt colonisation (2, 6), 
even in the absence of shunt nephritis, and is a 
clinically useful finding. 

Colonisation due to Staphylococcus epidermidis 
can be diagnosed reliably in chronic cases using 
the A S E T  test and if this is done early, immune 
complex nephritis can be avoided (6). 
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Comparison of Four Genotyping 
Assays for Epidemiological Study of 
Methicillin-Resistant 
Staphylococcus aureus 

A. van  B e l k u m  1. ,  R.  B a x  1, G.  P r e v o s t  2 

Twenty-six methicillin.resistant Staphylococcus 
aureus strains were genetically differentiated by 
interrepeat PCR and the results compared with 
those of ribotyping, pulsed-field gel electrophore- 
sis (PFGE) and random amplified polymorphic 
DNA analysis obtained in a previous study for the 
same strains. The comparison showed that the 
PCR-mediated assays were as discriminatory as 
PFGE, whereas ribotyping was the least powerful 
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