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Abstract Differences in ethnic backgrounds as well as in
medical and socioeconomic status often affect both the
efficacy and adverse effects of medications. Recent data
suggest an increased risk of opportunistic infections, espe-
cially tuberculosis (TB), among rheumatoid arthritis (RA)
patients receiving infliximab, a chimeric monoclonal anti-
tumor necrosis factor α (TNF-α) antibody. In this regard,
the annual incidence of TB is approximately five times
higher in Japan than in the United States. Furthermore,
since Bacillus Calmette-Guérin vaccination is mandatory in
childhood when the skin test for purified protein derivative
(PPD) is negative, a high incidence of false-positive PPD
skin tests is observed among the Japanese population. In
addition, the upper limit of methotrexate dosage to be used
for RA is lower in Japan. We have therefore established
official guidelines for the proper use of infliximab in
Japanese RA patients. In this review, an algorithm for the
diagnosis and management of TB in RA is presented in an
evidenced-based form.
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Introduction

Rheumatoid arthritis is a chronic inflammatory disease of
unknown etiology. Synovial proliferation results in the de-

struction of both cartilage and bone, and tumor necrosis
factor α (TNF-α) is thought to play a central role in this
process. Infliximab is a human-murine chimeric anti-TNF-α
monoclonal antibody with high affinity and specificity.1 It
forms stable complexes with the monomeric and trimeric
forms of soluble TNF-α and with the transmembrane forms
of TNF-α. Not only neutralizing soluble TNF-α, but also the
cytolysis of macrophages and monocytes by binding to
transmembrane TNF-α in vitro, might be relevant in its
potent anti-inflammatory and immunosuppressive actions.
Infliximab, when used with methotrexate (MTX) in rheu-
matoid arthritis (RA) patients, induces not only significant
improvement in the signs and symptoms of RA but also
substantial inhibition of progressive joint damage.2,3

Infliximab was approved for RA in the United States in
1999.

In spite of its dramatic efficacy against RA, it has been
noted that opportunistic infections, especially tuberculosis
(TB), can occur among patients treated with infliximab.
According to the report by Keane et al.,4 the background
rate of TB in RA patients is 6.2 cases per 100000 per year,
whereas the estimated rate of TB among RA patients re-
ceiving infliximab therapy was 24.4 cases per 100000 in the
United States. Although this report was confirmed by
Wolfe et al.,5 no cases of TB have occurred in persons with
recent purified protein derivative (PPD) skin tests or pro-
phylaxis. These findings reemphasize the importance of
TNF-α in host immune response to Mycobacterium tubercu-
losis. In addition, infliximab administration is accompanied
with severe acute infusion reactions in approximately 0.5%
of patients because of the chimeric structure of the mol-
ecule. Given the differences in the medicosocial status of
Japan and the high incidence of infusion reactions, the Min-
istry of Health, Labor, and Welfare of Japan has decided to
conduct a special post-marketing survey of the initial 5000
patients treated with infliximab in Japan.

The potential problems of using infliximab in Japanese
RA patients are as follows: (1) TB is approximately five
times more prevalent in Japan than in the United States, (2)
Bacillus Calmette-Guérin (BCG) vaccination given in
childhood yields false-positive tests among Japanese so that
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the PPD skin test may not be suitable for critically screening
TB, (3) over 4% of TB patients are resistant to isoniazid
(INH), (4) prophylactic use of INH can cause liver dysfunc-
tion in at least 10% of TB patients, and (5) infliximab can
mask the clinical features of TB. These problems are dis-
cussed below.

Current situation of TB in Japan and the world

According to a report issued by the World Health Organi-
zation (WHO), there were 8.8 million new cases of TB in
2002, 3.9 million of which were smear-positive.6 The global
incidence of TB is growing at a rate of approximately 1.1%
per year, and the number of cases at 2.4% per year.

In Japan, the annual incidence of new TB infection in
2002 was 25.8 per 100000, or 4.6-fold higher than in the
United States.7 Although the incidence has been decreasing
year by year, the proportion of the elderly population is
increasing. Among 32828 newly registered TB patients in
2002, patients over 60 years of age comprise 58.4% and
those over 70 years of age 41.5%, whereas the respective
figures in 1996 are 53.2% and 31.7%. Fifty-three percent are
positive for M. tuberculosis either in smear or culture. Pul-
monary TB accounts for 81 and extrapulmonary for 19.
There is a regional bias in the annual incidence of TB with
percentages of patient increasing in urban areas: 74.4 per
100000 in Osaka city and 36.6 in Tokyo special district, but
only 12.5 in Nagano Prefecture. In addition, 4.4% of iso-
lated M. tuberculosis in culture is resistant to INH.

Purified protein derivative skin test

In Japan, 0.1cc of 3 tuberculin units of standardized PPD
obtained from Aoyama B strain is injected intradermally
into the volar surface of the forearm. Erythema, but not
induration, is measured at 48h, and the diameter is re-
corded in millimeters. The cut-off criterion for positivity is
10mm in diameter. The size of induration, dual erythema,
and presence of blisters and necrosis, if any, are also re-
corded. Those with diameters of more than 10mm, but not
with induration or dual erythema, are evaluated to be 1�;
those with induration, 2�; and those with induration, dual
erythema, blisters and necrosis, 3�. The reason why
erythema but not induration is measured is mainly due to
the feasibility of measuring its diameter on the skin in the
Japanese population. The PPD skin test has been per-
formed in Japan at the time of entry to elementary school (6
years of age) and to junior high school (12 years of age) but
this was abolished in 2003. Two-step testing is performed
only in settings where tight TB screening is necessary, such
as the employment of medical professionals. The PPD skin
test is known to be influenced not only by exposure to TB
but also by repeated PPD skin testing, which creates a
booster phenomenon, and by other Mycobacterium infec-
tions such as Mycobacterium avium complex.

Bacillus Calmette-Guérin vaccination

Bacillus Calmette-Guérin vaccination has been given to
those who show a negative PPD skin test in childhood. That
is, the PPD skin test has been mainly used in Japan to
evaluate whether BCG vaccination is necessary in child-
hood. Those who are negative in the PPD skin test even
after BCG vaccination are subjected to revaccination. How-
ever, revaccination has not been used since 2003. Further-
more, the Japanese Government recommended that BCG
vaccination should be performed to all infants by 1.5 years of
age from 2004 without doing a PPD skin test. Although
BCG vaccination might substantially contribute to decreas-
ing the incidence of TB in Japan, it creates a false-positive
reaction on the PPD skin test and makes it difficult to
discriminate actual positivity due to TB from false positivity.

Difference in MTX dosage

The maximal dosage of MTX approved for use in Japan is
8mg/week. This dosage is based on a clinical trial conducted
in Japan to determine the optimal dose, in which the
efficacy of the 6 and 9mg/week groups was comparable, and
was significantly better than that of the 2mg/week group.8

Increased liver enzyme was observed at more than 9mg/
week, although folic acid was not given during the trial.
However, in the clinical setting, dosages of MTX in excess
of 8mg/week are sometimes used if the physician deems it
necessary. In such cases, informed consent is obtained from
the patient.

Pneumocystis carinii pneumonia in MTX-treated RA
patients

Pneumocystis carinii pneumonia (PCP) is a serious and
potentially fatal infection often encountered in immuno-
suppressed patients such as those with acquired immunode-
ficiency syndrome (AIDS), cancer including hematological
malignancies, and organ transplantation.9 Patients with con-
nective tissue diseases (CTD) are also at risk for PCP.10

Pneumocystis carinii pneumonia affects 2.6%–4.3% of CTD
patients with immunosuppressive treatments including cor-
ticosteroids.11,12 Risk factors include the administration of
high-dose corticosteroids or immunosuppressants, and low
peripheral blood lymphocytes (PBL).12 We have found that
patients who developed PCP were significantly more inten-
sively treated with corticosteroids and/or immunosuppres-
sive agents and were more immunosuppressed than those
who did not.13 In our series of 124 patients who received
more than 30mg/day of prednisolone, nine patients in the
non-prophylaxis group (n � 82) developed PCP, whereas
none in the prophylaxis group receiving one tablet of TMP/
SMX (containing 80mg of trimethoprim and 400mg of
sulfamethoxazole) (n � 42) developed PCP. Pneumocystis
carinii pneumonia was diagnosed when the clinical and ra-
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diographic presentation was strongly suggestive of PCP and
when microbiologic confirmation of P. carinii in respiratory
samples was made or there was a response to treatment
only with agents active against P. carinii. All the patients
diagnosed with PCP had the following four features
strongly suggestive of PCP: (1) clinical manifestation in-
cluding pyrexia, dry cough, and dyspnea, (2) hypoxemia
(PaO2 � 80 torr) and/or increased A-aDO2 (�15mmHg),14

(3) diffuse alveolar infiltrates or interstitial infiltrates on
chest X-ray as well as on computed tomography of the
thorax, and (4) increase of serum �-D-glucan level.15 We
also found that PBL counts 4 weeks after the institution of
PSL in the patients who developed PCP were significantly
lower than those in the other patients (476 � 350 vs 1229 �
1.019, mean � SD, P � 0.004). Since we occasionally but
infrequently experience PCP in MTX-treated RA patients
and have experienced a case of PCP during the clinical trial
of infliximab in Japan, we are extremely cautious regarding
the possibility of PCP developing as a complication during
treatment with infliximab in combination with MTX in
Japanese RA patients.

Treatment guidelines for using infliximab (Fig. 1)

We have therefore created guidelines for the use of
infliximab to safely treat Japanese RA patients according to
our data described above. The guidelines were initially

established by the Study Group of Rheumatoid Arthritis,
Ministry of Health, Labor, and Welfare, Japan (principal
investigators; Nobuyuki Miyasaka, MD, Tsutomu
Takeuchi, MD, and Katsumi Eguchi, MD), and were later
officially approved by the Japan College of Rheumatology.

Inclusion criteria

Inclusion criteria are active RA with at least six swollen and
tender joints with concomitant usage of methotrexate of
over 6mg/week. Patients must have either C-reactive pro-
tein �2.0mg/dl or erythrocyte sedimentation rate �28mm/
h. Patients also are required to have more than 4000/mm3 of
white blood cells and more than 1000/mm3 of peripheral
blood lymphocytes in addition to negative �-D-glucan in
sera, to avoid possible opportunistic infections including TB
and P. carinii.

Exclusion criteria

Patients having concurrent infection or histories of serious
infection for the last 6 months are excluded from the study.
Patients who have chest X-ray findings indicative of old TB
(pleural thickening, fibrotic scarring shadows, calcified
shadows of more than 5mm in diameter), a history of TB,
extrapulmonary TB and PCP, congestive heart failure,
malignancy, and demyelinating disease are also excluded
from this study. However, if the physician thinks that the

Fig. 1. Treatment guidelines for using infliximab to rheumatoid arthritis patients in Japan
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advantage of infliximab treatment outweighs its safety in
patients with latent TB infection, prophylactic treatment of
INH (0.3mg/day) is recommended.

Screening of TB (Fig. 2)

Intensive history taking and physical examination

Patients are asked whether they have had a history of TB or
exposure to TB patients. They are screened for symptoms
consistent with active TB, such as cough, sputum, or fever.
It should be emphasized that signs and symptoms of TB can
be masked by the use of infliximab, and therefore an exten-
sive physical examination should be performed.

Purified protein derivative skin test

The PPD skin test is mandatory for all patients enrolled in
this study and is performed before the initial infusion. If it is
strongly positive (�2�), continuous use of INH (0.3g/day)
for 9 months, beginning one month prior to the initial infu-
sion, is recommended.

Chest radiography and chest computed tomography (CT)

Chest radiography is also mandatory for all patients before
the initiation of infliximab therapy. If the chest radiograph
shows any findings suggestive of old TB, chest CT is recom-
mended. Prophylactic use of isoniazid (INH) should be ini-
tiated in patients showing chest radiographs indicative of
old pulmonary TB or tuberculous pleuritis. In the case of
active TB, patients should be treated with a full course of

anti-TB drugs for a sufficient period of time before starting
infliximab. Physicians are simultaneously required to be
capable of reading chest radiographs, evaluating them on
the same day of clinical examination, and properly treating
opportunistic infections including TB.

Treatment protocol

Intravenous infusion of infliximab (3mg/kg) at weeks 0, 2,
and 6 was performed, followed by subsequent infusions
every 8 weeks. Intravenous infusion is initiated at a slow
rate (15ml/h) for the first 15min and increased to 50ml/h
over a period of 2h. The signs and symptoms of the patient
are monitored throughout the infusion. Vital signs are
closely monitored every 10min during infusion with an au-
tomated manometer.

Management of infusion reactions

Physicians need to prepare for serious infusion reactions
that may possibly occur during infliximab administration.16

When mild to moderate infusion reactions occur, it is rec-
ommended to slow the infusion rate to 10ml/h or stop infu-
sion, if necessary. Further, p.o. or i.v. diphenhydramine
(25–50mg) and p.o. acetaminophen (650mg) are adminis-
tered. When wheezing is audible, i.v. hydrocortisone
(100mg) is given.

For severe acute reactions such as dyspnea with wheez-
ing, significant discomfort, severe urticaria, or hypotension
below 40 points of systolic blood pressure, s.c. epinephrine
([1 :1000] 0.1–0.5ml) is given and can be repeated every
5min for three doses followed by i.v. methylprednisolone
(50–100mg) if necessary. The airway should be maintained
with oxygen inhalation, and the patient should be trans-
ferred to the emergency room in case of anaphylaxis.

Assessment of the guidelines

As of July 11, 2004, 3011 cases were enrolled in this study and
all of their case report forms were collected. The details of
the study will be published elsewhere (Takeuchi T et al.
Postmarketing survey of infliximab in 3000 cases of Japanese
rheumatoid arthritis patients, in preparation). Briefly, TB
was seen in nine patients, six of whom were observed in the
initial 1000 cases, followed by two patients in the next 1000
cases, and one patient in the remaining 1000. Six of the cases
were pulmonary and two extrapulmonary. None of the pati-
ents was under prophylactic use of INH. However, in six
cases the chest radiographs turned out to be abnormal when
retrospectively assessed by pulmonologists, although initial
readings by attending physicians were assessed to be normal.
Furthermore, three of these patients were strongly positive
for the PPD skin test, and one had a history of TB. False-
negative PPD skin tests were seen in two patients who had
abnormal findings suggestive of old TB on chest radiographs.

Pneumocystis carinii pneumonia was observed in six pa-
tients (0.2%), none of whom was undergoing prophylactic

Fig. 2. Algorithm for the diagnosis and management of tuberculosis in
patients with rheumatoid arthritis on biologic agents
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use of TMP/SMX. Serious infusion reactions were observed
in six patients (0.3%), but all were successfully treated.

Discussion

We have established official guidelines for the use of
infliximab in combination with MTX to treat Japanese RA
patients and have simultaneously developed an algorithm
for the diagnosis and management of TB. Approval was
given by the Japan College of Rheumatology in 2003. Nine
cases of TB were observed in this study, and six of them
occurred during the first 1000 cases. However, if the above
guidelines had been strictly followed by the treating physi-
cians, these TB cases might have been prevented. Strict
enforcement of the guidelines after the experience of the
initial 1000 cases prevented the subsequent occurrence of
TB at the same frequency. In this respect, Spain is in the
same situation as Japan, with the incidence of TB higher
than in other west European countries and the United
States. However, Spain overcame this situation by estab-
lishing official guidelines and recommendations, and suc-
ceeded in dramatically reducing new cases of TB among
patients receiving infliximab treatment.17

RA patients taking corticosteroids or MTX are often
anergic, but this study had only two cases of false-negative
PPD skin tests. Even though a high incidence of false-
positive PPD skin tests is expected owing to BCG vaccina-
tion in childhood, the PPD skin test was useful in screening
latent TB, and chest radiography combined with chest CT
was effective in detecting latent TB infection in the lung.

An increased risk of TB in patients with RA has been
reported in Mexico18 but not in the United States.5 No
epidemiological studies on the risk of TB in RA patients
have been carried out in Japan; however, this type of study
is essential. In any event, our study again demonstrated
that TNF-α is essential in host immune response to M.
tuberculosis.19,20

The guidelines should be revised in the near future by
more closely analyzing the upcoming results of the post-
marketing survey in Japan. Enrollment of the 5000 cases
initially planned for the post-marketing survey will be com-
pleted by the end of 2004.

Finally, recognition of the potential risk of opportunistic
infections in RA patients treated with infliximab in combi-
nation with MTX by medical professionals is strongly re-
quired, and close monitoring of these patients for the signs
and symptoms of complicated diseases such as TB and PCP
will enable physicians to safely treat RA patients with
infliximab.
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