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higher when screening recommendations 
were not followed [1].  

  We present a patient with debilitating 
rheumatoid arthritis in whom a two-step 
tuberculin skin test was initially nega-
tive and who developed extrapulmonary 
active TB during treatment with a TNFi. 

Patient descriPtiOn

The patient, a 57 year old social worker 
who was born in Argentina and immi-
grated to Israel in 1973, was referred to 
the pulmonary clinic for evaluation of an 
abnormal chest computed tomography 
scan performed because of dry cough, 
low grade fever and fatigue 3 months 
after beginning therapy with infliximab 
for active rheumatoid arthritis. 

Rheumatoid arthritis had been diag-
nosed 15 years earlier and was seroposi-
tive, polyarticular and erosive, necessitat-
ing knee replacement and total hip sur-
gery. She had been treated with various 
disease-modifying anti-rheumatic drugs 
including injectable gold, sulfasalazine, 
an antimalarial agent, leflenomide, and 
cyclosporine. When she began the in- 
fliximab therapy she was also receiving 
methotrexate 15 mg/week and predniso-
lone 10 mg/day 

Before beginning infliximab therapy 
the patient denied having been previ-
ously diagnosed with TB, and stated that 
she did not suffer from night sweats, 
weight loss, cough or bloody sputum. She 
did not have a BCG scar on either arm or 

BCG = bacilli Calmette-Guerin                   

t herapy with tumor necrosis fac-
tor inhibitors is associated with an 

increased risk of active tuberculosis. In 
a recent study, the sex and age-adjusted 
incidence rate of active TB among 
patients treated with TNFi was 172 per 
100,000 patient-years, whereas the inci-
dence in that country's cohort of rheu-
matic patients not receiving TNFi was 
95 cases/100,000 [1]. Active tuberculosis 
develops within a few months of begin-
ning TNFi therapy, manifesting either as 
reactivation of latent TB infection or as 
a primary infection following exposure 
to patients with active TB [1,2]. The TB 
associated with TNFi is usually atypical, 
with more than 50% presenting with 
extrapulmonary and 25% disseminated 
disease, causing considerable delay in 
diagnosis and treatment [1,2]. 

Professional societies have issued 
guidelines mandating screening and 
treatment of latent TB infection before 
initiating a TNFi [3]. Lack of compliance 
with these recommendations is associated 
with emergence of active TB in patients 
treated with all TNF inhibitors. The risk 
of developing active TB was seven times 

TB = tuberculosis
TNFi = tumor necrosis factor inhibitor

palpably enlarged lymph nodes. A two-
step tuberculin skin test was performed 
and was interpreted as negative (0 mm 
and 3 mm). A chest radiograph was also 
normal. Laboratory workup revealed: 
erythrocyte sedimentation rate 60 mm/
hr, hemoglobin 10.4 g/dl, white blood 
cell count 12.32 x 103/ml, platelet count 
572 x 103/ml, serum creatinine 0.7 g/dl, 
rheumatoid factor titer 41.4 IU (normal 
range 0–15 IU), and  C-reactive protein 
2.52 mg/dl (normal range 0–0.5 mg/dl). 

Three months after starting infliximab 
she developed fatigue, low grade fever 
and dry cough that did not respond to 
antibiotics prescribed by her family phy-
sician. Evaluation for active TB revealed 
that her TST had increased to 6 mm. 
Chest CT showed mediastinal lymph-
adenopathy with a retrocaval lymph 
node 2.5 cm in diameter and a right hilar 
lymph node 2.3 cm in diameter. In the 
right middle lobe and in the lingula there 
were small areas with a ground-glass 
appearance. A follow-up CT 3 weeks 
later showed mediastinal lymphadenopa-
thy with a retrocaval lymph node 1.5 cm 
in diameter. 

She continued to experience worsen-
ing dyspnea and repeated episodes of 
38ºC fever and was admitted to hospi-
tal. On admission her temperature was 
36.8ºC, blood pressure was 115/82 and 
respiratory rate 12 breaths/min. Lung 
and heart sounds were normal, the abdo-
men was soft and no lymph nodes were 
palpated. Bronchoscopy with bronchoal-

TST = tuberculin skin test

tuberculosis, tumor necrosis-alpha 
inhibitor, two-step tuberculin skin 
testing, tuberculin skin testing, 
conversion
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veolar lavage was performed, which did 
not reveal tumor cells. Stains for acid-fast 
bacilli and Pneumocystis jirovecii were 
negative. The bronchoalveolar lavage 
culture for tuberculosis was sterile. A 
gallium scan did not reveal pathologic 
uptake. Infliximab treatment was dis-
continued and the patient was referred to 
the Ministry of Health tuberculosis clinic 
and began receiving isoniazide for LTBI 
because of TST > 5 mm. The treatment 
was discontinued 2 weeks later when she 
developed isoniazide-induced hepatitis. 
Therapy with rifampin was begun; how-
ever, she did not tolerate it and discontin-
ued the treatment 2 months later.

Therapy with etanercept for 6 months 
was not efficacious and a year after discon-
tinuation of rifampin therapy she began 
therapy with adalimumab and continued 
on methotrexate and prednisone.  

Six months later the patient pre-
sented with weight loss, abdominal 
pain and diarrhea. Her chest X-ray was 
normal as was an abdominal ultrasound 
examination. Upper endoscopy revealed 
gastritis for which she received omepra-
zole. Barium swallow was normal, and 
colonoscopy revealed diverticulosis. 
Three months later she was admitted 
again with continued weight loss, night 
sweats and fever. A perianal abscess was 
discovered which later drained into a 
fistula. The patient required surgery and 
parenteral antibiotics and was discharged 
for follow-up. Her fever did not abate 
and the patient was again readmitted for 
workup of prolonged fever. 

Physical examination revealed a hard  
lymph node (2 x 2 cm) in her right 
inguinal area. A biopsy of the node 
was performed and showed necrotizing 
granulomatous inflammation [Figure]. 
Acid-fast bacilli were seen on Ziehl-
Nielsen staining and the culture from 
the lymph node revealed Mycobacterium 
tuberculosis sensitive to all first-line anti-
tuberculosis drugs. The patient started 
treatment for active TB with four anti-
tuberculosis agents. 

LTBI = latent TB infection

cOmment 

We present a patient with severe erosive 
and deforming rheumatoid arthritis 
who had not responded to any disease-
modifying antirheumatic drug and thus 
began therapy with a TNF inhibitor. 
Three months later she developed sys-
temic symptoms, but only 21 months 
later, despite repeated assessments, 
active TB was diagnosed in an inguinal 
lymph node, indicating extrapulmo-
nary TB infection. Before starting TNFi 
therapy she had undergone a two-step 
TST test, which showed 0 and 3 mm and 
definitively ruled out LTBI despite the 
fact that she was a middle-aged woman, 
born abroad in surroundings with a 
higher incidence of TB than in Israel, 
and worked as a social worker in contact 
with a high risk population, including 
prisoners. It was recently demonstrated 
that the burden of tuberculosis in the 
Israeli prison system is 3.5 times higher 
than in the general Israeli population 
[4]. The interpretation of the pretreat-
ment two-step TST as negative was not 

the result of treatment with prednisone 
and methotrexate [2,3]. 

The first chest CT scan showed medi-
astinal lymphadenopathy, however, bron-
choalveolar lavage was negative as was a 
gallium scan. The size of the nodes was 
reduced in a second scan. This precluded 
performing lymph node biopsy. However, 
it is plausible that primary infection was 
present in the mediastinal lymphadenopa-
thy that progressed to extrathoracic active 
TB of the peripheral lymph nodes.  

It is recommended that treatment for 
LTBI in patients receiving concomitant 
prednisone 15 mg/day or methotrexate be 
initiated at least one month before start-
ing therapy with a TNFi when: a) the TST 
or the two-step TST is > 5 mm (if the first 
result was < 5 mm), b) a chest radiograph 
shows evidence of past tuberculosis, and 
c) there is a history of exposure to active 
TB or previous partially treated active TB 
[2,3]. Lack of adherence to these recom-
mendations, particularly, not performing 
the two-step TST, is associated with a 
sevenfold increased risk of developing 
active TB [1]. Before starting treatment 

Photomicrograph of the core lymph node biopsy of the left groin mass. At the left upper 
aspect, a Langhans cell shows a mycobacterium at the margin of its cytoplasm (x 340, 
Ziehl-Neelsen histochemical stain).
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for LTBI every effort should be made to 
rule out active TB, which requires intro-
duction of at least four anti-tuberculosis 
drugs initially to prevent development of 
drug-resistant strains of Mycobacterium 
tuberculosis. 

Performing serial TSTs in patients 
treated with a TNFi remains a matter of 
debate. It may be speculated that repeated 
tuberculin skin testing with purified 
protein derivative induces a sensitization 
reaction in susceptible individuals that 
may confound TST reaction reading. 
However, in a Scandinavian population 
such a reaction was found in only 1 of 31 
individuals, suggesting that for practical 
purposes it can be ignored [5]. 

In a previous study [2], after an 
initial screening TST we performed a 
follow-up TST at least 3 months after 
beginning TNFi therapy. Twenty percent 
of 40 patients included in the study had 
conversion of the TST, defined as an 

increase of 6 mm of induration between 
the screening tests and the follow-up test. 
TB prophylaxis was administered to all 
of these patients. In our patient, the third 
TST did not indicate conversion (incre-
ment of only 3 mm (from 3 to > 6 mm); 
however, prophylactic therapy for LTBI 
was nevertheless prescribed because of an 
absolute TST value above 5 mm

In summary, we present a patient with 
extrapulmonary active TB associated with 
TNF inhibitor therapy. To our knowledge, 
this is the first reported case of active TB 
following TNFi in Israel. The case indi-
cates that active TB associated with TNFi 
treatment is difficult to diagnose, has an 
atypical clinical course and may manifest 
as the result of reactivation of LTBI infec-
tion or of recently acquired infection [2]. 
We emphasize the importance of pretreat-
ment screening for latent TB, a high index 
of suspicion for tuberculosis, and consid-
ering performance of serial TSTs.
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Ageing worms accumulate protein clumps similar to those 
observed in humans with Alzheimer's and Huntington's 
disease. Kenyon et al. searched for proteins made by the 
nematode Caenorhabditis elegans that would not dissolve 
in detergents – a sign that the proteins would aggregate into 
insoluble clumps. The researchers found 461 proteins that 
become more insoluble as the worms aged. Several of the 
proteins were similar to those that are found clumped and 

tangled in the brains of patients with Alzheimer's disease. 
Furthermore, mutations that slow ageing in C. elegans by 
interfering with an insulin-signalling pathway also delayed the 
accumulation of insoluble proteins. The results suggest that 
disease is not the only factor to blame for protein aggregation, 
with ageing playing a part as well.

PLoS Biol 2010; 8, e1000450
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Proteins clump with age

Current seasonal influenza virus vaccines are targeted 
against specific viral strains and do not provide broad durable 
protection. Seasonal influenza vaccines induce protective 
antibody responses against regions of viral hemagglutinin 
(HA) that rapidly mutate so that very soon, the virus becomes 
resistant to vaccination. Conserved regions of HA also exist, 
and a major goal of influenza vaccine development is to 
design a vaccine that elicits antibodies against the conserved 
regions so that protection against a wide range of viral strains 
is achieved. Wei et al. show that a combined HA DNA prime, 

followed by boosting with a seasonal vaccine, elicits broadly 
cross-reactive neutralizing antibody responses in mice, fer- 
rets, and non-human primates, which were protective in mice 
and ferrets against heterologous influenza challenge. The 
neutralizing antibodies were directed against the conserved 

HA stem region, which indicates the possibility that a more 

broadly protective vaccine against influenza could be 
developed. 
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toward a general flu vaccination




