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THE ASSESSMENT OF THE VALUE OF A REAGENT STRIP IN TESTING
CEREBROSPINAL FLUID*

P. D. BECK, M.B., CH.B., RegisErar AND C. R. RAI IER-POPE, -'- M.B., M.MED. (PAED.), D.C.H., Senior PaediaErician,
Department 01 Paediatrics, LivingsfOne HospiEal, PorE Elizabeth

TABLE I. CSf RESULTS IN 46 CHILDREN

TABLE 11. PATIE TS WITH NORMAL PROTEINjVALUES

Reason for LP CSF normal CSF abnormal Towl
Convulsions 29 6 35
Meningism 2 3 5
Suspicion 4 2 6

Total 35 II (24%) 46

Six of the 35 patients (17·2%) with convulsions only, had
meningitis, 3 purulent, 2 tuberculous and 1 probably
tuberculous. Of the 5 with meningism, 2 were normal
(40°1,,), while 1 had tuberculous meningitis, 1 pyogenic
meningitis and in the third case the diagnosis was
obscure. Of the 6 patients who were lumbar-punctured on
suspicion, 2 were pathological and had tuberculous

ReagenE stripLaboraEory

RESULTS

Forty-seven tests were performed on 46 paediatric patients.
The results have been grouped according to the laboratory
reports, into normal, abnormal and doubtful, depending
on the protein level.

A protein below 40 mg.jloo ml. was regarded as nor
mal, and between 40 and 70 mg./ lOO ml. as doubtful.
An excess of 70 mg./JOO ml. was regarded as definitely
abnormal.

The lumbar punctures were performed because of con
vulsions in 35, meningism in 5 and on suspicion in an ill
child (with or without neurological signs) in 6 (Table I).

Number ProEein Glucose Protein Glucose
I 17 77 Trace Med.
2 30 44 Trace Dark
3 23·5 75 Trace Dark
4 8·5 73 + Dark
5 23 46·5 + Dark
6 24·6 47 + Dark
7 17·2 57 + Dark
8 37 58·5 + Dark
9 17 109 + Dark

10 36·6 117·5 + Dark
11 12·8 58 Trace Dark
12 12·4 63 Trace Dark
13 14 83 + Dark
14 28 68 + Dark
15 12·8 51 Trace Dark
16 33 96 + Dark
17 22 54 + Dark
18 24 63 Trace Dark
19 13 57 Trace Med.
20 16 79 + Dark
21 40 58 + Dark
22 20 64 ego Dark
23 11·2 60·5 Trace Dark
24 17 10 Trace Med.
25 39 71 Trace Light
26 24·6 63 ego Light
27 20 59·2 + Dark
28 26·7 90 + Dark
29 12·4 67·4 + Dark
30 26·2 45 Trace Dark

When doing a lumbar puncture, it is often useful to be
able to examine the cerebrospinal fluid (CSF) at the time
of the procedure. This is especially so in busy outpatient
departments of hospitals and more so at night, or in
country practices. Rapid handling of the patient or
obtaining some idea of the diagnosis, without waiting
many hours for the result, can speed up treatment con
siderably.

A rough qualitative estimate can be done by doing a
Pandy's test for globulin and a boiling test with Benedict's
reagent for the presence of glucose. This requires minimal
apparatus and is no more cumbersome than doing a urin
alysis. However, even urinalysis has now been simplified
by the introduction of the various 'stix' by the Ames
Laboratories. One of the newer in this line is the Hema
Combistix reagent strip, which combines 4 standardized
colour tests for pH, glucose, protein and blood.' Though
these strips have been primarily designed for testing
urine, it was decided to see if results obtained in testing
CSF with them, would be comparable with laboratory
results. Their value in testing urine is now well estab
lished"·",,,,ll and there have been 2 papers"'" on the use
of reagent strips in testing CSF. There have apparently
been no reports on the use of a multitest strip in testing
CSF.

METHOD

CSF was obtained from 46 patients seen in the paediatrics
outpatient department of the Livingstone Hospital, Port
Elizabeth. These patients were referred for lumbar puncture
for a variety of reasons: there was no selection of cases, the
tests being more or less consecutive.

For this series, we were only interested in the protein and
glucose reactions. The pH was not thought to be significant
and was thus disregarded. Though it may be important to
know whether blood is present or not, this was not analysed
in all cases.

After taking the customary specimens for laboratory exami
nation, the strip was held under the lumbar puncture needle,
and the CSF allowed to run over it. The glucose and then the
protein reactions were read according to the colour chart on
the bottle. Glucose estimations had to be read 10 seconds
after impregnation with CSF. Proteins were charted as:
negative, trace, +(30 mg./IOO m!.), ++(100 mg./I00 ml.),
+ + +(300 mg./lOO m!.), + + ++(over 1,000 mg./IOO m!.).
The glucose was charted as negative, light, medium or dark.

Laboratory examination of the CSF was carried out in the
usual routine way, by the SAIMR, Port Elizabeth; quantitative
results being given for sugar and protein.

The Reagem 5Erip
The glucose test is a qualitative enzyme reaction, depending

on the oxidation of glucose, catalysed by glucose oxidase, and
then a chromogen reaction, giving a shade of purple. The test
is sensitive to as little as 0·1 o~ glucose and, being an enzyme
reaction, is specific for glucose.' High levels of ascorbic acid
or some antibiotics may inhibit colour development."

The glucose test is strictly qualitative, whereas the protein
test is broadly quantitative. The protein test depends on citrate
buffered tetrabromphenol blue changing colour when protein
is present.'· Highly alkaline fluids may cause positive reactions,
and the pH test colour should be checked.

'Paper presented at the 45th South African Medical Congress (M.A.S.A.).
Port Elizabeth. June - July 1965.

t Presently prac[ising in Johannesburg.
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TABLE IV. PATIE, TS WITH PROTEI S IN EXCESS OF 70 MG./IOO Ml.

TABLE Ill. PATIENTS WITH SLIGHTLY RAISED PROTEIN, BUT OTHERWISE
'ORMAL CSF

Number Protein Glucose Protein Glucose
1 42 50 + Dark
2 41·5 46·5 + Dark
3 59 44 + Dark
4 59 46 Trace Med.
5 66 67·2 + Light
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SUMMARY

47 cerebrospinal fluids from 46 patients, were tested with
Hema-Combistix and the results compared with routine
laboratory investigation. It was found that the protein investi
gation correlated very satisfactorily, and this is a good, clean,
rapid and easy screening test for detecting an abnormal CSF.
Sugar testing was less reliable, but could be used to show
whether glucose was present or absent.

We wish to thank Or. J. Ware, Medical Superintendent of
Livingstone Hospital, for permission to publish; and Sister M.
Readhead, representative of Ames Company, for supplying
the reagent strips and for her full cooperation.

8·05 mg./ 100 ml., a medium reaction was obtained whereas
in a similar case, a negative reaction occurred when the
sugar was 4·85 mg./100 m!. In 3 cases, a dark reaction
occurred when the sugars were 24, 30·5 and 37·5 mg./
100 ml. respectively.

DISC SSION

The protein test with the Hema-Combistix correlated very
well with the laboratory results and there were no falsely
high levels. If anything, when the protein was only slightly
raised in an otherwise nonnal CSF the Hema-Combistix
gave a + reaction (30 mg./lOO mI.). It can be thus stated,
that for protein estimation, a very reliable idea can be
obtained with the use of the 'stix'. This result is similar
to that achieved with urine testing.'·

The test for glucose was much less reliable, especially
when there was a raised protein. It may be that protein
potentiates the enzyme reaction, giving falsely high read
ings." Also, the test is an extremely sensitive one, intended
primarily for the detection of the smallest amount of
glucose in urine. It would thus seem that as an estimation
of even broad quantities of sugar in the CSF, the test is
not reliable in the presence of high protein. If the protein
is normal, a dark reaction will probably indicate a sugar
content greater than 40 mg./lOO m!. A negative reaction
for sugar will be indicative of an extremely low sugar.
In general, it would seem that the glucose reaction can
only be used to indicate whether sugar is actually present
or absent.

The time factor in reading the sugar estimation seems
to be critical and open to error. The pH strip has a theo
retical importance in protein estimation, but proved un
necessary in this instance as correlation was always reason
able. Also, large changes in pH of the CSF are unlikely.
The presence of a haemoglobin indicator may be useful
if a bloody tap is suspected as the cause of turbidity or a
high protein reading.'• It will require a greater number of
cases than in this series to fully evaluate this factor.

It is interesting to note that just about a quarter (11 of
the 46 patients) who had lumbar punctures done at a
non-White paediatric outpatient department had CSF ab
nonnalities. The commonest reason for lumbar puncture
was convulsions. Tuberculous meningitis was slightly more
frequent than purulent meningitis.

In conclusion, though not a replacement for laboratory
investigations, the test is useful as a rapid screening of
the CSF, the protein factor being the most useful. Ames
Laboratories make a reagent strip (Uristix) which tests
only for protein and glucose, and may be as useful as
Hema-Combistix.

Reagent stripLaboratory

Laboratory Reagent strip
Diagnosis

Number Protein Glucose Protein Glucose
1,000 293 +++ Med. TBM

to++++
2 139 24 +++ Dark TBM
3 720 30·5 ...L++ Dark TBM
4 184 4·85 ...L + ego Pur. men.
5 117 21 +++ Med. Pur. men.
6 92 37·5 ++ Dark TBM
7 136 8·05 ...L++ Med. Pur. men.
8 174 95 ++ Med. TBM
9 93 60 ++ Med. TBM

10 910 57·5 +++ Med. Obscure
11 1,120 20 +++...L Med. Pur. men.
11(2) 232 27 +++ Med. Pur. men.

Of the 35 patients that were regarded as nonnal, or
doubtful on their protein levels, all except one had glucose
in excess of 44 mg./l00 mI. in their CSF. All (except 2
who had a light reaction), including the one with a low
sugar, gave a medium to dark reaction on the Hema
Combistix. In the 2 exceptions, the quantitative sugar
reactions were 71 and 63 mg./l00 mI. respectively
(Tables Il and Ill). The reason why one patient with a
normal protein and a medium reaction for sugar, had
a quantitative level of only 10 mg./ 100 m!. is unexplained,
though it may be suspected that it was due to delay in
laboratory examination.

In the instances where the protein was elevated (Table
IV), results with the glucose test were inconsistent, the
quantitative test being much lower than the 'stix' reaction.
In one instance of purulent meningitis, where the level was

Eleven patients (12 tests), had protein in excess of 70
mg./l00 mI. (Table IV). In all instances the Hema-Combi
stix showed protein in excess of 100 mg./lOO m!. (+ +).
There were 3 with + +, 7 with + + + and 2 were
+ + + +. All these results corresponded very well with
the quantitative results.

meningitis. The over-all abnormality was 11 out of 46
(24%).

There were 30 normal CSFs on the protein basis (Table
II). In all instances the Hema-Combistix reaction was
either negative (2), a trace (12) or + (16).

Five patients had CSF proteins between 40 and 70 mg./
100 m!. (Table Ill) and thus were doubtful. However, in
all these cases, the rest of the CSF examination, including
cell counts, was normal. In these cases, the Hema-Combi
stix reaction showed a trace in 1 and + in 4.
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THE MANAGEMENT OF RESPIRATORY ACIDOSIS IN THE PAEDIATRIC AGE-GROUP
H. DE V. HEESE, M.D., B.sc., M.R.C.P. (Em .), D.C.H.; A. F. MALAN,* M.B., CH.B., M.MED. (PAED.), D.Mm.
C.O. & G. (S.A.); Ai D V. C. HARRISO ,"" M.B., CH.B., M.MED. (PAED.), D.C.H.; Department of Paedialrics. Groote

Schuur Hospilal and Departmenl of Child HealEh. Universily of Cape Town

The p~imary function of the lung is related to adequate
uptake of oxygen and elimination of carbon dioxide in
sufficient amounts to maintain pressures of oxygen (PO,)
and carbon dioxide (PCO,) in arterial blood within certain
limits. Impairment of respiratory function to such a degree
that the PCO, rises above. or the PO, falls below, normal
limits, would lead to respiratory failure. The respiratory
system also plays a vital role in acid-base homeostasis as
rapid changes in pH are possible by changes in the degree
of ventilation. It is useful to consider bicarbonate as being
under renal regulation and carbon dioxide as being con
trolled by the lung.

The purpose of this article is to discuss respiratory aci
dosis and its management in general terms and to illustrate
some features with appropriate case histories.

Classification and Causes of Respiratory Acidosis
Respiratory acidosis (CO, retention) is commonly the re

sult of ventilatory failure, which causes not only the alveo
lar PCO, to be high but invariably lowers the alveolar PO,.
The low PO, is probably the more serious defect in respira
tory acidosis.

In a small number of patients there may be hypoxaemia
Wilhol/l CO, retention. This occurs when there is a so
called alveolar-capillary block or, more frequently, a venti
lation-perfusion imbalance. The discrepancy is due to the
much greater diffusion capacity of carbon dioxide which is
20 times that of oxygen.

In childhood. respiratory acidosis occurs at all ages and
is related to inadequate ventilation in the majority of cases.
Since respiration depends on the harmonious balance be
tween several systems and structures, failure may occur at
any of the following levels: central nervous system, peri
pheral nerves, respiratory muscles, thoracic cage, upper re
spiratory tract, conducting airways, lung parenchyma,
pleural cavities and pulmonary blood supply. The more
common conditions encountered at various age periods
include:

Neonalal period-asphyxia neonatorum; hyaline mem
brane disease; aspiration pneumonia; cerebral birth
trauma; tetanus; and abdominal surgical conditions.

Infancy-stridor, occurring from infections or foreign
bodies; bronchiolitis; pneumonia; and CNS depression
from poisons.

Childhood-encephalitis; poliomyelitis; polyneuritis;
asthma; and pulmonary oedema.

'" CSIR Senior Bursar.
"" Wellcome Trust Fellow.

EfjeclS of Respiratory Acidosis
The hazards arising from the above conditions depend

on certain factors and the significance of ea~h may be con
sidered in turn.

Hypoxaemia. The most disastrous effect of a low PO,
arises from the damage to tissues, particularly of the heart
and brain. Anaerobic metabolism produces a metabolic
acidosis due to accumulation of organic acids, especially
lactic acid, in the blood.' A low PO, also causes vascular
constriction of the pulmonary bed with rise in the pul
monary artery pressure,' which places an added load on
the right ventricle with eventual right heart failure.

Hypercapnia. Toxic effects (such as confusion and coma)
are first noticed on the nervous system and probably follow
cerebral oedema which occurs as a result of vasodilatation
and increased cerebral blood flow.

The cardiovascular system is also adversely affected,
both indirectly by the liberation of nor-adrenaline and
adrenaline, and directly by a depressant action which may
result in shock.'

Acidosis. Initially the retention of CO, gives rise to a
respiratory acidosis with lowering of the blood pH, but
later a superimposed metabolic acidosis appears for the
reasons described above.

The depletion of glycogen stores and catabolism of
tissue occurring in conditions in which the work of breath:
ing is greatly increased, e.g. hyaline membrane disease:
may indirectly result in further accumulation of acids.

DIAGNOSIS

The diagnosis of respiratory failure depends both on clini
cal and laboratory findings.

Hypoxaemia
Signs of hypoxaemia may be present before cyanosis

is obvious and vary from aggressive behaviour to later
coma and deathS In the newborn infant, however, the
early restlessness is often absent, even in cases of severe
hypoxia. and probably reflects the limited role of the
baby's cerebral hemispheres."

In most cases cyanosis may be detected clinically but it
can only be recognized confidently when the oxygen satu
ration is below 75%.'

The laboratory determination of oxygen saturation may
be made by means of the Van Slyke manometric apparatus,
or calculated from the PO, determined by means of an
oxygen electrode. Both investigations require an arterial
sample of blood which is collected in a heparinized syringe,
immediately sealed off and placed on ice.




