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Cutaneous tuberculosis secondary to skin inoculation of
Mycobacterium tuberculosis is uncommon but it can occur in the
health care settings. Herein, we report an unusual case of primary
cutaneous tuberculosis of the thumb following a needlestick injury.
The infection progressed with a necrotic granuloma, lymphatic
dysfunction as visualized by near-infrared fluorescence lymphatic
imaging, and the development of an axillary web syndrome.
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Tuberculosis (TB) is a mycobacterial infection that arises sec-
ondary to infection by Mycobacterium tuberculosis (Mtb).
Pulmonary TB remains a major cause of morbidity and mor-
tality worldwide. An estimated 10.0 million people were diag-
nosed with pulmonary TB in 2019, and 1.2 million TB-related
deaths were reported among human immunodeficiency virus
(HIV)-negative patients (208000 additional deaths were re-
ported in people living with HIV) [1]. Approximately 20% of
all TB cases present as extrapulmonary infections. Diagnosis
of extrapulmonary TB infections often are delayed, and such
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infections often have higher recurrence rates than pulmonary
TB. In extrapulmonary TB, granulomatous lesions are most
commonly found in lymph nodes (LNs) [2].

Cutaneous TB is an uncommon clinical manifestation,
comprising 1%-2% of all extrapulmonary TB cases, and was
first documented in 1826 when Laennec reported his own
“prosector’s wart” [3]. The clinical findings vary and may in-
clude inflammatory papules, verrucous plaques, suppurative
nodules, or chronic ulcers. TB dissemination through hematog-
enous spread is often invoked as the cause of multiorgan in-
fection while lymphatic dissemination may explain lymphatic
system involvement [4]. At the present time, direct evidence
for dissemination through lymphatic vessels is lacking. Recent
animal studies suggest that the lymphatic system is involved in
both disseminating as well as harboring latent TB. Lymphatic
endothelial cells (LECs) that line lymphatic vessels and LNs pro-
vide a preferential niche for Mtb [5]. The intracellular uptake of
Mtb is dependent upon mannose receptors that are mainly ex-
pressed on the surface of LECs and once inside LECs, the myco-
bacteria can escape phagocytosis [6]. Herein, we report a rare
presentation of primary cutaneous TB of the thumb following a
needlestick injury, complicated by axillary lymphadenitis, lym-
phatic dysfunction, and axillary web syndrome (AWS). This
case report further evidences the role of the lymphatics in dis-
semination of the disease.

CASE REPORT

A 42-year-old male physician with autoimmune thyroiditis on
levothyroxine presented with a 3-week history of left thumb
swelling, pain, and erythema. He was in his usual state of health
until 3 weeks prior when he sustained a superficial needlestick
injury to his left thumb while performing a needle biopsy of a
neck LN in a patient. Ten days after the needlestick, he noticed
redness, edema, and pain in his thumb (Figure 1). Following the
initial diagnosis of skin and soft tissue infection with possible
felon, the infection was drained through incision and a course
of oral clindamycin was prescribed. The subject had no im-
provement and 3 weeks after injury, began having night sweats
and chills without documented fever. Physical examination was
noteworthy for a suppurative, chancre-like lesion on the distal
thumb (Figure 1). Empiric treatment was initiated for skin and
soft tissue infection with cefepime 1 g every 8 hours and van-
comycin 15 mg/kg every 12 hours. Laboratory testing revealed
an elevated C-reactive protein level of 14.2 mg/L and a white
blood cell count of 11 700 cells/uL with 77.6% neutrophils. HIV
type 1/2 and hepatitis viral panels were previously performed
in compliance to the institution policy on post-needlestick
precautions and were negative. Chest radiograph was normal,
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Figure 1. Top left: Redness and edema of the left distal thumb (arrow) at 10 days after needlestick injury. Top right: Suppurative and chancre-like lesion on the distal thumb
(arrow) at 21 days after needlestick injury. Bottom left: Histologic section of skin biopsy demonstrating acid-fast bacilli on Kinyoun staining (arrow). Bottom right: Improvement

of the skin lesion 1 week after antituberculosis therapy.

but further testing showed a positive T-spot. Magnetic reso-
nance imaging of the left hand (conducted 22 days after the
needlestick) was consistent with osteomyelitis of the distal pha-
lanx of the thumb. Since there was worsening of the lesion, the
patient underwent an excisional debridement with a bone bi-
opsy that revealed a necrotizing granulomatous inflammation
and acid-fast bacilli on histopathological examination (Figure
1). The tissue culture yielded Mtb. Of interest, the putative
source (patient zero) had a polymerase chain reaction (PCR)-
positive result for Mtb in the LN biopsy. Our patient had nega-
tive induced sputum cultures for Mtb and a 4-drug regimen was
started (daily isoniazid 300 mg, rifampin 600 mg, ethambutol
800 mg, and pyrazinamide 1500 mg). The isolate was found to
be susceptible to rifampin, ethambutol, and isoniazid using the
automated MGIT system (Becton Dickinson). The skin lesions
improved within 1 week of anti-TB therapy (Figure 1). The pa-
tient returned to work afterward and gained normal thumb
functions, except for mild numbness at the tip. However, 4
weeks after starting the anti-TB medications (7 weeks after in-
oculation), he noted left axillary swelling and severe pain, with

a cord-like structure along the medial aspect of the upper ex-
tremity from approximately the wrist to a palpable mass in the
axilla. Clinical examination and ultrasound showed an enlarge-
ment of axillary LN consistent with lymphadenitis. Because
lymphatic dysfunction is attributed to the cause of AWS after
LN dissection, and because we have previously used investiga-
tional near-infrared fluorescence lymphatic imaging (NIRF-LI)
to evaluate lymphatic (dys)function following LN dissection [7,
8], we sought to observe whether the distal lymphatics draining
the site of the infection and draining into the axilla were func-
tional. Subsequently at 8 weeks after the needlestick injury, the
patient underwent NIRF-LI under a University of Texas Health
Science Center at Houston Institutional Review Board-ap-
proved protocol (US Food and Drug Administration investi-
gational new drug/investigational device exemption 102 827)
with 7 off-label, intradermal injections of 25 pg of indocyanine
green (ICG) in .1 cc of saline, administered on the affected
left thumb as well as on the dorsal and volar aspect of both
wrists [9, 10]. Because the distal injections in the affected arm
did not drain to the cord-like structure and mass, 2 additional
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intradermal injections were made in the dorsal wrist and dorsal
upper arm in an attempt to image the lymphatic cord and sus-
pected fibrotic lymph node. Injections in the unaffected con-
tralateral hand drained to numerous lymphatic vessels and LN
that exhibited greater lymphatic trafficking than the affected
hand (Figure 2; Supplementary Materials, Movies A and B).
Lymphatic drainage from the affected thumb was relatively
sparse and occurred via a comparatively dilated lymphatic
vessel. There was no clinically apparent limb or thumb edema
and no difference in the volume of the affected arm when com-
pared to the unaffected arm by girth measurements. In contrast
to the unaffected arm, the lymphatics visualized on the dorsal
and volar aspects of the affected arm appeared dysfunctional
and exhibited “dermal backflow” consistent with impaired
lymphatic drainage (Figure 3), although drainage to the axil-
lary LN was observed on the affected side (Figure 3). Palpation
of the prominent lymphatic cord during NIRF-LI showed an
absence of ICG drainage within the cord, nor did the enlarged
and fibrotic axillary LN take up ICG-laden lymph, findings
consistent with the diagnosis of AWS. Additional ultrasound-
guided fine needle biopsy of the fibrotic LN was performed (at
6 weeks of anti-TB therapy), with histopathological examina-
tion showing acute inflammation and necrosis consistent with
Mtb infection. No other diagnostics, imaging, or pathology
were performed. PCR testing was positive for Mtb, but culture
was negative. The patient had initially reduced shoulder mo-
tion at the time of AWS diagnosis, but never lost mobility in
his upper extremity. Three months after commencing anti-TB

therapy, the patient had complete resolution of both the lym-
phadenopathy and the AWS. No follow-up lymphatic imaging
was conducted. The patient was treated with anti-TB medica-
tions for a total of 6 months.

DISCUSSION

Both the pulmonary tissue and the epidermis are rich in lym-
phatic capillaries. The pulmonary lymphatic vessels drain into
bronchopulmonary and tracheobronchial LNs and from there
drain into the internal jugular and subclavian veins for hema-
tological spread. Likewise, lymphatic capillaries drain the epi-
dermis through regional lymphatic basins before emptying into
the hemovascular system [2]. Hence, pulmonary and cutaneous
TB share the common pathway of the lymphatic vasculature as
a conduit toward hematological spread.

Preclinical studies have shown that LECs serve as an essen-
tial niche for Mtb infection in the lymphatic system [5]. The
host’s innate immune responses initiate granuloma formation
through macrophage uptake of mycobacteria and subsequent
recruitment of inflammatory cells. A delay in the recruitment
of activated T and B cells results in mature inflammatory granu-
lomas that act initially to eliminate or control Mycobacterium
growth, but may promote Mtb sequestration and immune tol-
erance (Supplementary Materials, Schema) and may be respon-
sible for residual disease [11]. Studies in guinea pigs revealed
that lymphatic vessels serve as the earliest sites of infection
and eventually develop granulomas in pulmonary LNs [12]. In

Figure 2. Left: Near-infrared fluorescence lymphatic imaging (NIRF-LI), with inset color image, of lymphatic drainage from the intradermal injection sites on the dorsum of
the right (unaffected) hand. Right: NIRF-LI, with inset color image, of lymphatic drainage from the intradermal injection sites on the thumb and dorsum of the left (affected)
hand showing fewer indocyanine green—laden lymphatic vessels draining the affected hand. Injection sites are covered with bandages and black vinyl tape. NIRF-LI images
are presented in pseudo color and have been adjusted for brightness and contrast to enhance visualization of the full 16-bit image depth information.
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Figure 3. Top left: Near-infrared fluorescence lymphatic imaging (NIRF-LI), with inset color image, of lymphatic drainage from the intradermal injection sites on the hands
and wrists on the medial aspect of the upper and lower arms (hands positioned over patient’s head). Areas of dermal lymphatic backflow, consistent with impaired lymphatic
drainage, are identified by the arrows. Top right: NIRF-LI, with inset color image, of lymphatic drainage from the intradermal injection sites on the wrists showing fewer
indocyanine green (ICG)-laden lymphatic vessels draining the affected hand as well as areas of dermal lymphatic backflow (arrows). Bottom: NIRF-LI, with inset color image,
of lymphatic drainage into axillary lymph nodes (single arrow) on the affected side. The double arrow indicates the location of the enlarged and fibrotic lymph node with no
uptake of ICG-laden lymph. Injection sites are covered with bandages and black vinyl tape. NIRF-LI images are presented in pseudo color and have been adjusted for bright-

ness and contrast to enhance visualization of the full 16-bit image depth information.

humans, direct evidence for lymphatic dissemination through
the lymphatic vasculature remains missing.

The lymphatic vasculature is a unidirectional system that
pumps lymph, carrying antigens and antigen-presenting im-
mune cells, from the lymphatics that surround all organ sur-
faces to regional LN basins [13]. In TB, Mtb-infected monocytes
are delivered through the initial lymphatics to the downstream
regional LNs where a local adaptive immune response occurs.
These infected cells cross-present antigen and generate antigen-
specific, activated T and B cells. Under proinflammatory condi-
tions (ie, in the presence of tumor necrosis factor-a, interleukin
1B, or interleukin 6), lymphatic pumping can be arrested [12],
but unlike the blood system, stasis does not generally result in
lymph thrombosis, since the capacity for fibrin generation is
limited in lymph [13, 14]. Impairment of lymphatic pumping
or blockage results in reverse flow, a phenomenon typically

observed on the skin with NIRF-LI as dermal backflow [15].
If left untreated, impaired lymphatic return results in irrevers-
ible lymphedema and/or immune dysfunction. Lymphedema
is a common morbidity associated with cancer treatment
involving LN dissection and radiation; AWS is also a comor-
bidity of LN dissection, although not necessarily associated with
lymphedema [16]. AWS refers to a taut, ropelike structure that
develops along the medial arm and is highly restrictive of arm
movement. Moskovitz and colleagues were first to demonstrate
that the pathogenesis of AWS involves the lymphatics. Since
then, AWS has been presumed to be an afferent, thrombosed
lymphatic vessel, although the cause of thrombosis within the
lymphatics remains unknown [16, 17].

The dissemination of Mtb from the digit to the axilla in our
patient appears to be have occurred through the lymphatic
vasculature, as confirmed through pathological examination
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of the draining LN. The tuberculosis chancre associated with
regional adenopathy is analogous to the tuberculous Ghon
complex in pulmonary infection. At the time of imaging, the
status of the infection was improving, but an inflammatory
response may have been present as evidenced by impaired
lymphatic function. While there was no clinically apparent
lymphedema or measurable change in arm volume, visible
dermal backflow was observed similarly to our previously
reported findings in breast cancer survivors diagnosed with
cancer-related lymphedema and in head and neck patients fol-
lowing LN dissection and radiation treatment [7, 8]. We hy-
pothesize that the impaired lymphatic pumping in our patient,
caused by proinflammatory conditions or lymphatic blockage,
results in dermal backflow. The blockage may well be a throm-
bosed lymphatic vessel and/or LN that harbored infection.
The lack of ICG uptake into the cord or the fibrosed LN, as
visualized by NIRF-LI, is consistent with a thrombosed lym-
phatic vessel and the diagnosis of AWS.

AWS predominantly develops as a postoperative complica-
tion around 8 weeks following axillary LN dissection in breast
cancer patients and has a cumulative incidence of 36.2% at
2 years after cancer treatment [18, 19]. Of interest, Rashtak and
colleagues described the first non-cancer-related report of AWS
following axillary furunculosis. Factor XIIIa staining did not in-
dicate fibrin thrombosis within the lymphatic vessels, and the
site of Staphylococcus aureus infection was proximal to the cord
formation but within the same draining lymphatic watershed
[20]. A few cases of AWS have been associated with metastatic
cancer to regional LNs and related to strenuous exercise [21]. As
in our case, a subject with AWS unrelated to cancer or cancer
surgery may require further testing to determine the underlying
etiology as it may be related to infection. In terms of manage-
ment, physical therapy and exercise are the mainly endorsed
options, but infection control should be considered [22]. In
our case, the pathogenesis of AWS or cause of lymphovascular
thrombosis remains unclear. It is well known that neutrophils
migrate to granulomas, the afferent lymph vessels, and LNs in
response to bacterial infections and chronic inflammation [23,
24]. Essential to the destruction of microorganisms, dying neu-
trophils release DNA to form neutrophil extracellular traps
(NETs) in a process called NETosis that can cause vascular
thrombosis [23, 24]. While systemic neutrophil levels were ele-
vated in our subject, it remains to be fully investigated whether
NETosis occurs in the lymphatics and may be responsible for
thrombosis and AWS. To our knowledge, ours is the first report
of AWS in the presentation of TB infection and is consistent
with the biology of Mtb sequestration in LECs, neutrophil re-
cruitment, granuloma initiation, and residual disease.

In summary, the lymphatic vasculature and draining LNs may
play an important role in the progression of TB as well as refrac-
tory, residual disease. Herein, we describe a clinical case of cu-
taneous TB wherein lymphatic involvement could be visualized

in a manner not possible in other cases of pulmonary or other
extrapulmonary TB.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.

Supplemental Movie A. Movie of active lymphatic trafficking in the unaf-
fected, right lateral arm.

Supplemental Movie B. Movie of sluggish lymphatic trafficking in the left,
affected thumb and lateral arm.

Supplemental Schema. Overview of phases of tuberculosis (TB) infection
and the pathophysiology of granuloma formation in the lymph nodes (LN)
and the role of lymphatic endothelial cells (LECs).
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