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Relationship between rifampicin-dependent antibody
scores, serum rifampicin concentrations and symptoms
in patients with adverse reactions to intermittent
rifampicin treatment
MARY GABRIEL OMAHONY ami CHEW WING KAR

Rutlonjee Sanatorium, Hong Kong*

Summary
Twelve patients receiving intermittent treatment with rifampicin for pulmonary
tuberculosis, who had developed rifampicin-dependent unlibodies were studied. Ten of
the twelve patients had aiso developed adverse reactions to the drug at the lime the
study was done. After a dose of the drug, blood samples were taken from each patient
at regular intervals for the assessment of rifampicin-dependent antibodies by a semi-
quantitative method, and for the measurement of serum rifampicin concentrations.
Clinical details of any adverse reactions which occurred were also recorded at these set
times. Serum rifampicin concentrations were at their highest from 1 to 12 hr after a
dose, and during this same period the rifampicin-dependent antibody score was re-
duced. Adverse reactions, when they occurred, coincided with the period of high
serum rifampicin concentration and low antibody score. Whether or not these findings
are of immunological significance is discussed.

Introduction
Rifampicin has been found to be one of the most potent drugs in the treatment of
tuberculosis (Verbist & Gyselen. 1968; Gyselen et al., 1969: Decroix et al., 1969,
1971; Newman et al., 1971; Pines. 1971), and is highly effective when given to the
experimental animal on an intermittent basis (Batten. 1969; Grumbach. Canetti &
LeLirzin,1969: Dickinson &Milchison, 1970). Intermittent rifampicin regimens would
be ideal for the retreatment of patients with resistent tuberculosis in Hong Kong
because every dose could be given under full supervision. Furthermore, an intermittent
regimen would be cheaper and perhaps less likely to cause adverse reactions than a
daily one.

However, in a controlled clinical trial on the treatment of tuberculosis that is
currently being carried out in Hong Kong by the Hong Kong Tuberculosis Treatment
Services, The Brompton Hospital and the British Medical Research Council, daily and
intermittent rifampicin regimens are being compared and reports of the results after

* Scrum rifampicin estimations were done in Professor D. A. Mitchison's Departmcni, M.R.C.
Unil for Laboratory Studies of Tuberculosis, Royal Poslgraduate Medical School, London.
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6 and 12 months have shown an unexpectedly high incidence of adverse reactions to
rifampicin given on an intermittent basis (Aquinas et al., 1972; Girling, 1973). Of
these, the commonest has been fever, often accompanied by chills, headache, malaise
and bone pains occurring shortly after taking the drug and termed the "flu" syndrome.

Regular serological investigations on these patients had shown that over .10",, of
the patients on intermittent rifampicin treatment developed rifampicin-dependent
antibodies and there was a highly significant statistical correlation between the develop-
ment of the 'flu" syndrome and the presence of these antibodies (Worlledge, 1973).

It was decided to study in more detail a group of patients with rifampicin-depen-
dent antibodies in an attempt to answer two questions. First, what was the significance
of these rifampicin-dependent antibodies and second, did they play any role in the
pathogenesis of the 'flu" syndrome?

Malerial and Methods

Patients .studied
Twelve patients were studied, all of whom had developed rifampicin-dependent anti-

Table I. Age.
patients studied

Pa lien t
no.

1
2
3
4
5
6
7
8
9

10
11
12

Age

37
43
33
51
62
32
41
46
60
59
38
58

sex

Sex

M
M
M
M
M
M
M
M
M
F

M
M

and regimens of

Regimen

FR7 ERI
t:R7ERl
ERI
nR2
HRI
ER2
EZRl ERI
EZRl ERI*
EZRl ERI
EZRl ERI
EZRl ERI'
EZRl ERI

* These two palienis were receiving a
small daily supplement or rirampicin 75
mg in addition to their once-weekly
regimen.

bodies in their serum during intermittent treatment with the drug. Two of the patients
were asymptomatic, the remaining ten had the "flu* syndrome. Details of the age, sex
and treatment of each patient are shown in Table I.

Treatment given
The patients were all receiving one of the following regimens (Table 1): ethambutol
and rifampicin twice weekly (ER2); ethambutol and rifampicin once weekly (ERI):
elhambuinl and rifampicin daily for 2 months and then once weekly (ER7 ERI);
ethambutol, rifampicin, pyraziniimide once-weekly for 3 months and then ethambutol
and rifampicin once weekly (EZRl ERI).



Rifampicin-dependent antibodies 355

Two of the six patients on the EZRl ERI regimen received a small daily supple-
ment of 75 mg of rifampicin in addition to their weekly doses.

Methods of study
The patients were all in hospital and each was studied after an oral dose of his or her
allocated weekly or twice weekly treatment. However, if reactions had already occurred
and had been severe the dose of rifampicin was less than the allocated dose.

The symptoms and signs that developed after the dose was given were recorded in
detail. Blood samples were taken for estimation of rifampicin concentrations and
rifampicin-dependent antibody scores (see later) before the dose was given and at
1, 2, 4, 8, 12 and 24 hr after the dose.

Antibody tests
Antibody tests were done by the indirect antiglobulin method of Poole, Stradling &
Worlledge (1971). The results were read with anti-complement sera (anti-/?IC/^IA
sera manufactured by Bcringwerke). An anti-IgG serum was not used. The patients'
serum was separated from the red cells within 2 hr of taking the sample and was
either tested at once or frozen to - 2 0 "C and tested within 72 hr. A saturated solution
of rifampicin was made up by adding the contents of three 150 mg capsules of the drug
to 100 ml saline. This solution was filtered and kept at 4 C.

The unU-fiXCllil/K globulin sera were dialysed and stored at —20^ until needed
for the test. Each batch of antiserum was controlled with a known positive serum to
determine optimum dilution which varied from 1/30 to 1,60. The tests were read on
perspex plates (WHO Agglutination trays) after half an hour. A second reading to
confirm these results was done after shaking the plates and allowing them to resettle
after a further half hour. The results were then scored as follows: 0 = a negative result
with a perfectly smooth button of sedimented red cells surrounded by a halo of clear
serum; 7 = a doubtful result, with a slight graininess of the halo; i = a positive but
very weak result with a line granularity in the halo and a central button that was a
little more dispersed than the control; ! = a granularity throughout the halo and a
larger central button; 2 = more granularity in the halo and an irregular central
button; 3 = a denser granularity throughout the peripheral hiilo of serum and some
central sedimentation with a markedly uneven border; 4 = a complete and even dis-
persion of deposited cells with no centra! sediment.

Saline was substituted for rifampicin solution as a control with all sera and care was
taken to see that there was no dilTerence in pH activity. Antibody litres were not done
and no attempt was made to reach the end point of agglutination. Some of the tests
were done with serum diluted in fresh normal serum and the details of the dilutions
are given in Table 2.

Serum rifampicin concentrations
Rifampicin concentrations in the sera were measured in the MRC Unit for Laboratory
Studies of Tuberculosis (Royal Postgraduate Medical School. London) using a diffu-
sion technique. Plates were seeded with Staphylneoccus aureus (NTCTO7O2) and the
serum added to wells in the pUUe. Zones of inhibition of growth were measured after
incubation for 24 hr and compared with standard concentrations of 002-1 28 /(g/ml
rifampicin in normal human serum. The method is sensitive to 0 01 ;(g/nil rifampicin
(Mitchison, 1973).



356 Mary Gabriel O^Maiiony and Chew Wing Kar

= T3

M 5

as

4̂  ( j qi

u. .- £ u.

c .

= -o —

h c -5

U- .= . S , U.

f l I - « — I —

c o

— 9P 4. o fN
r- 6

O I

^ i f*%r^ I

- H
\C

? 1
V

_ fn -^ _l
do
<N

"•t IN 1

b
V

- 0 (> 1

-̂  g 1
6
V

f^ fN 1

r-j

0 1

6
V

fN

1^ (N
0
b
V

1 •̂  S i
6
V

6
V

. <N "g 1

b

•̂  ̂  1
0

V

^ 1

S 1
6
V

IN

l*>

r~- 1
•'I
<rt

6
V

IN

«N

00 1

0 1
b
V

c-
<N

CM
0
b
V



Rifampicin-dependent antibodies 357

Results
Table 2 shows the antibody scores, the serum rifampiciti cotice tit rat ions and the
presence or absence of sytnptoms for each patient at set times after the stated dose of
rifampicin. The actual symptoms cxperieticed are given in the last column. Seven of the
patients showed a change in antibody score when undiluted serum samples, taken at
the stated times after the dose of rifampicin had been given, were tested. Five of the
patients showed no such change when undiluted serum was used and the least dilution
at which a change was observed is given and the results at this dilution shown.

Antibody scores
Antibody tests on serum taken after the dose of rifampicin showed a decrease in the
strength of the in vitro reaction and in most cases this was associated with high
rifampicin levels. In patients 3, 8 and 12 the antibodies became undetectable for some
hours after the dose of rifampicin. The serum of the nine other patients all gave
detectable, but weaker reactions although in some cases the serum had to be diluted
before tbis was obvious. By 24 hr, the reactions were increasing again in seven of the
twelve patients. In patients who developed the "flu' syndrome, the symptoms tended
to coincide with the time when the antibody reactions were weakest.

Serum rifampicin levels
In most patients., the serum rifampicin levels reached a peak at 1-2 hr and high con-
centrations were maintained for 12 hr. Even at 24 hr the levels were above the pre-dose
level. However, in those patients with the most prolonged reactions (1, 2, 5 and 7)
there was either a second peak at 8 hr or a delayed peak at 4 hr. Patients 5 and 7 had
unusually high concentrations of rifampicin in their sera at 24 hr and both became
jaundiced and showed transient rises in serum alanine aminotransferase activity.
However, patient 10 who was also jaundiced at 24 hr did not have an unusually high
concentration of rifampicin in her serum at that time. The lowest concentration of
rifampicin during symptoms was 5-6 /ig/ml (patient 8), and patients 11 and 12 attained
high concentrations and yet had no symptoms.

Adverse reactions
Ten ofthe twelve patients studied developed the 'flu' syndrome after the dose of rifam-
picin was given. The symptoms lasted from 4 to 11 hr. In six patients (1, 2, 3, 5, 7 and
10) the symptoms started within 2 hr of giving the drug: in four patients (4, 6, 8 and 9)
they appeared 4-8 hr after the dose, and in two patients (11 and 12) there were no
adverse effects. When symptoms started soon after the dose of rifampicin they tended
to last a long time. In contrast, when symptoms were delayed they tended to be
short-lived.

Effects of cixanges of treatment (if any) on tlie antibodies in the serum {Table 3)
Seven ofthe ten patients who developed the 'flu' syndrome (I, 3, 6, 7, 8, 9 and 10) no
longer had symptoms when their treatment was changed to daily rifampicin and
ethambutol and tbe rifampicin-dependent antibodies disappeared from their sera in
2-6 weeks. Two patients (2 and 5) still bad symptoms wben a daily dose of 450 mg of
rifampicin was given and the drug was discontinued. Rifampicin-dependent antibodies
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Table 3. Presence or absence of antibodies in the serum in ihe weeks following change of
i reatnienl (if any)

Patient
no. 1

i +
2 +
3 +
4 +
5 +
6 +
1 -\-
8 +
9 ^

10 -t--1-

12 -1-

2 3

+ -1-
+ +
+ 4-
+ +
+ +
+ -H
0 0

+ 0
+ -1-
+ -f
-1- +
+ 0

4

0
+

+
+
0
0
0

-1-
-1-

+
0

5

0
H-
-1-
-1-
-1-
0
0
0

+
0

-1-
0

6

0
+
0

-h
-1-
0
0
0
0
0

+
0

7

0
+
0

+
4-
0
0
0
0
0

4-
0

Weeks

8 16

0
4- +
0

4- 4-
4- 4-
0
0
0
0
0
0
0

Details of change (if any)

Daily rifampicin
Rifampicin discontinued
Daily rifampicin
Twice weekly rifampicin (900 mg)
Rifampicin discontinued
Daily rifampicin
Daily rifampicin
Daily rifampicin
Daily rifampicin
Daily rifampicin
ERl continued
ERI continued

were still detectable in their sera 16 weeks later. Patient 4 had the dose of rifampicin
reduced from 1050 to 900 mg and the twice-weekly regimen was continued. His
symptoms disappeared but the antibodies were still detectable in the scrum 16 weeks
later. Patients 11 and 12 were continued on their once-weekly regimen and no symp-
toms occurred. The rifampicin-dependent antibodies disappeared from their sera in
spite of continued treatment.

Discussion

The significance of the antibodies

The first thing that must be established is whether or not the serologicai reactions are,
in fact, due to antibodies. They are detected by demonstrating complement on the
surface of red cells, and from other studies (Worlledge, 1973) it has been shown that
immunoglobulins are only very rarely present. However, the work of Sors, Sarrazin &
Homberg (1972) and Woriledge (1973). shows that the reaction will not occur after
treatment of the sera with 0 01 M 2-mercaptoethanol and the fraction of the scrum
responsible for tbe complement fixation comes down witb the IgM fraction of DEAE
cellulose. Thus, it seems likely that the complement is bound by IgM antibody.

The fact that the complement and not IgM is detected on the red cell surface can-
not be due to insufficient amounts of antibody for some ofthe patients, for example
patient 5 and the patient described by Sors,et al. (1972) had antibodies present in high
titre. The complement fixation does not occur when the patient's serum is incubated
with normal red cells in the absence of tbe drug and therefore the antibody, if present,
does not react against normal red cell antigens and presumably is not firmly attached
to the red cell surface. The most probable explanation for the absence of antibody in
the final tests is that it elutes from the red cells during the washing process prior to
reading the test.

Previous studies (Poole, Stradling & Worlledge, 1971; Worlledge, 1973) on these
antibody-like reactions have established the following facts:
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(a) they do not occur in normal persons or iti persons with tuberculosis who are
not taking rifampicin;

(b) they occur only very rarely when daily rifampicin is given;
(c) they appear in the serum of a significant number of patients taking twice-

weekly (26%) and once-weekly (50%) rifampicin, mainly at the 4th-6th month of
treatment;

(d) they gradually become undetectable once tbe drug is discontitiued.

Reactions like these would be expected if rifampicin-dependent antibodies could
develop. Free antibody would be unlikely to be present in patients taking daily rifam-
picin because even the patient who received 450 mg of the drug (patient 2) still had
detectable drug in the serum at 24 hr. However, patients taking rifampicin twice or
once-weekly would have periods at which no free drug was present and antibodies
could arise. In patients 11 and 12 wbere once-weekly rifampicin was continued, even
this discontinuous dosage seemed to lead to eventual suppression ofthe 'antibodies'.
In patients 1, 3, 6, 7, 8, 9 and 10 where the treatment was changed to daily rifampicin.
'antibodies' could no longer be detected after 2-6 weeks. Only in patients 2 and 5
whose rifampicin was discontinued and in patient 4 whose dose was reduced to 900 mg
twice a week, were 'antibodies' still detectable in the serum at 16 weeks.

It is mainly the fact that there has been very little success in producing antibodies
to rifampicin in animals (Dukor, Schumann & Dietrich. 1973) that prevents the com-
plete acceptance of these antibody-like reactions as being due to true antibodies. How-
ever, it is well known that the positive antiglobulin tests produced by methyldopa
administration do not occur in animals. Moreover, phenacetin and stibophen (to
name but a few of possible drugs) can produce an immune haemolytic anaemia in
which antibodies, detectable by similar methods, are found. It is generally accepted
that the symptoms in these patients are directly due to these antibodies, even though
there is no proof in experimental animals that antibodies do, in fact, appear.

It is interesting that none of our patients developed any haematological abnormal-
ity: both immune haemolytic anaemia (Hasse er a!., 1971; Sors et al.., 1972; Laksh-
minarayan. Saho & Hudson. 1973) and immune thrombocytopenia (Biajchman et a!.,
1970; Poole et al., 1971) have been described in other patients and these haemato-
iogical abnormalities are accompanied by similar antibodies.

The presence of the fourth component of complement as well as the third com-
ponent on the surface ofthe red cells that react with anti-complement sera (Woriledge,
personal communication) makes it unlikely that the complement could have been
activated by the alternative pathway and, therefore, by means other than antigen-
antibody reactions.

The role ofthe antibodies in the pathogenesis ofthe "flu syndrome
Antigen-antibody reactions can lead to the development of fever. Rabbits sensitized
to bovine serum albumin, or human serum albumin can develop fever on subsequent
challenge with antigen (Farr et al., 1954; Farr, 1958, 1959). Moreover, in a study by
Mott & Wolff (1966) it was shown that this febrile reaction was associated with detect-
able antibody in the serum of a higb proportion of the animals. Furthermore, the
febrile reaction after challenge could be transferred to normal rabbits by the transfu-
sion of serum only from sensitized rabbits who had detectable antibody.

Febrile reactions due to antibody are also seen in humans. The reactions that follow
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incompatible blood transfusions or transfusions of whole blood to patients with
white cell antibodies are well known but in these there is destruction of blood cells.
However, the reactions that follow the infusion of normal plasma to persons with
absent IgA and anti-IgA in their serum (Schmidt, Taswell & Gleich, 1969; Ropars
et al., 1971) do not involve obvious destruction of blood cells. In these reactions, the
symptoms and signs may include fever, malaise, nausea, flushing of the face, dyspnoea
and bone pains and these patients have IgG anti-IgA in their serum often to a high
titre. This antibody binds complement components after it has reacted with IgA and
the role of complement in the causation of the symptoms is not yet clear. The aetiva-
tion of the third and fifth components of complement leads to the production of
anaphylatoxins which could give rise to many of the symptoms.

An alternative explanation for the symptoms of the 'flu' syndrome might be that
they are a direct toxic effect of the drug. Symptoms, when they occurred, were limited
to the jieriod of high rifampicin concentrations and the lowest concentration recorded
while symptoms were occurring was 5 6 /'g/ml (patient 8). Peak concentrations after
standard daily doses of 450 or 600 mg in European patients range from 5-10 /ig/ml
(Verbist & Gyselen, 1968; Dans et al., 1970: Furesz. 1970) and thus our patients
developed symptoms at times when the rifampicin concentrations were usually well
above those seen on daily treatment. However, patients 11 and 12, who had no symp-
toms, had similar concentrations of rifampicin to the patients with symptoms. More-
over, this explanation would not account for the observation that an initial daily phase
of rifampicin or a small daily dose of rifampicin between the larger doses, reduces the
incidence of symptoms (Girling, 1973; Hong Kong Tuberculosis Treatment Service,
British Medical Research Council, 1973), nor would it account for the observation
that the syndrome usually only starts after several weeks of intermittent treatment and
is commoner when the same dose of rifampicin is given once a week rather than twice
a week (Aquinas el ai, 1972).

It is of particular interest that out of the three patients who developed transient
jaundice during an attack of the *f1u" syndrome (patients 5, 7 and 10), two (5 and 7)
had unusually high rifampicin concentrations at 24 hr. This suggests that there may
have been some interference, albeit only temporary, in hepatic or renal clearance of
the drug. It is already known that bile and serum concentrations arc increased in
patients with hepatie impairment, particularly when associated with obstructive
jaundice and the excretion half-life may be longer than in normal patients (Dcttii &
Spring, 1969). Moreover, acute renal failure may follow rifampicin administration
(Poole et al. 1971; Hasse et al., 1971; Kleinknecht, Homberg & Dccroix. 1972;
Seufert, 1973) and at least some of these cases have been suspected of having an
immunological basis.

Although the present evidence is not conclusive it would seem likely that the 'flu'
syndrome has an immunological basis and further evidence should be sought.
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