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PURPOSE. Ocular complications related to Stevens-Johnson Syndrome (SJS)–Toxic Epidermal
Necrolysis (TEN) may persist and progress after resolution of systemic disease. This is thought
to be related in part to persistent ocular innate-immune signaling. In this study, our aim was to
characterize infiltrative conjunctival cellular profiles during acute (<12 months) and chronic
(>12 months) disease.

METHODS. Consecutive patients presenting with SJS-TEN over a 12-month period were
followed for 1 year. Detailed clinical examination and conjunctival impression cell recovery
was analyzed by flow cytometry for the presence of intraepithelial leukocytes and compared
with healthy controls (n ¼ 21).

RESULTS. Ten patients were recruited of whom six had acute disease and five were classified as
TEN (SCORTEN ¼ 1, n ¼ 4). Conjunctival inflammation was graded as absent/mild in a total
of nine patients; but despite this, evidence of fornix shrinkage was observed in nine subjects.
This inversely correlated with disease duration (P < 0.05). A reduction in percentage of
CD8abþ T cells compared with controls (80% vs. 57%; P < 0.01) was associated with a
corresponding increase in the number/percentage of CD45INTCD11bþCD16þCD14�

neutrophils (186 vs. 3.4, P < 0.01, 31% vs. 0.8%, P < 0.001). Neutrophils inversely correlated
with disease duration (r ¼ �0.71, P ¼ 0.03), yet there was no absolute change in the
CD8abþ or neutrophil populations during the study period (P ¼ 1.0).

CONCLUSIONS. These data highlight that a neutrophilic infiltrate is present in mildly inflamed or
clinically quiescent conjunctival mucosa in patients with ocular SJS-TEN, where neutrophil
numbers inversely correlate with disease duration. Neutrophil persistence endorses the
hypothesis of an unresolved innate-inflammatory process that might account for disease
progression.

Keywords: SJS, TEN, neutrophils, innate immunity

Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Nec-
rolysis (TEN) are reaction patterns that have the potential to

cause life-threatening mucocutaneous blistering.1,2 TEN is a
severe manifestation of SJS characterized by sloughing of
epithelial surfaces simulating widespread full-thickness burn
injuries, including clinical features such as dehydration,
hypovolemia, renal failure, and secondary infection. Mortality
is predicted by the severity of systemic features using a grading
system called SCORTEN3 and can exceed 90% in those with
multiorgan failure.4,5

Ocular complications are related to acute ocular mucosal
failure defined by ocular surface epithelial breakdown with
ulceration, sloughing of the mucocutaneous junction, fragility
of eyelid skin, and infection. In addition, goblet cell loss may
lead to mixed aqueous deficient and evaporative dry eye. If the
patient survives, on resolution of systemic disease, long-term

ocular surface sequelae ensue. These are hallmarked by
keratinization, conjunctival fibrosis associated with exacerba-
tions of inflammation, recurrent scleritis, cicatrization and
ocular surface failure with blinding infection, keratopathy, or
perforation.6,7 In cutaneous SJS-TEN, keratinocyte death is
thought to be induced by blister fluid granulysin secreted by
CD8þ cytotoxic T cells and CD56þ natural killer cells.8 In ocular
disease there is evidence for the presence of CD8þ cytotoxic T
cells in the cornea during the acute stages of TEN,9 whilst the
persistence of chronic disease is thought to have an innate
immune component mediated by toll-like receptor 3.10

Data regarding the cellular profile of the ocular surface
submucosa is limited. This is chiefly related to the inability to
undertake longitudinal characterization of the cellular and
molecular basis of disease without undertaking a substantive
tissue biopsy, which can be compounded by potentially
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adversely affecting ocular disease course and by logistic
problems with taking samples in the acute intensive care
setting. Ocular surface impression cytology (OSIC) has been
proposed as a putative noninvasive technique that samples the
superficial layers of the conjunctival epithelium and affords an
advantage of repeated longitudinal sampling without affecting
the outcomes of clinical disease. OSIC recovered cells can
subsequently be analyzed by multicolor flow cytometry,11 such
as a detailed analyses of conjunctival epithelial cells or
intraepithelial leukocytes. We have recently shown that
TCRabþCD8abþ T cells12 dominate in healthy conjunctival
epithelium and that this population of leukocytes is indepen-
dent of age.

In this study, our aim was to characterize infiltrative cellular
profiles within the conjunctival epithelium during acute and
chronic SJS-TEN, and to examine whether the OSIC technique
could provide a means of objectively monitoring inflammatory
processes during the various stages of ocular SJS-TEN.

METHODS

Study Population

Ten consecutive patients presenting with SJS-TEN to a tertiary
ocular surface diseases service over a 12-month period were
recruited and followed for an additional 12 months. Compar-
isons were made with a cohort of healthy, age-matched
controls (n ¼ 21). The study was conducted following ethical
approval (Birmingham East, North and Solihull Research Ethics
Committee, IOSD 08H1206/165) and the research followed the
tenets of the Declaration of Helsinki. Informed consent was
obtained from the subjects after explanation of the nature and
possible consequences of the study.

Disease Grading and Staging

Data were collected at presentation and at 12 months follow-
up. Chronic disease was defined according to Sotozono et al.,13

as persistence of ocular disease for >12 months after disease-
onset. Disease activity was based upon the extent of
conjunctival inflammation: absent, mild, moderate, or severe
(severe defined as being inflamed in all four quadrants, the
presence of limbitis and/or conjunctival ulceration).14 Staging
of disease was determined both by the staging described by
Power et al. (absent, mild, moderate, and severe)15 and also
Sotozono et al. (score: 1–39).13 Quantification of lower and
upper conjunctival fornix shrinkage was gauged by using a
Fornix Depth Measurer (FDM)16 together with counting the
number of symblephara. Information regarding therapeutic
and surgical intervention was also recorded.

Sample Collection and Laboratory Analysis

Conjunctival ocular surface impression cytology (OSIC) with
sterile hydrophilic polyethersulfone filters (Supor; Pall Corpo-
ration, Port Washington, NY) were used to collect superficial
conjunctival cells as previously described.11,12 Briefly, con-
junctival cells were collected from the superior bulbar
conjunctiva with autoclaved synthetic membranes (Supor
200; Pall Corporation) divided into two semicircles (measuring
13 3 6.5 mm2 each).11 Conjunctival OSIC was performed with
four semicircle membranes per eye and before the application
of topical fluorescein drops for clinical examination. Cells were
recovered into RPMI1640 supplemented with 1% GPS, 1%
HEPES buffer, and 10% heat inactivated fetal calf serum by
gentle agitation with a pipette tip for 1 minute. Cell
suspensions were transferred to a 1.5 mL Eppendorf tube
and centrifuged (400g for 5 minutes) before the supernatant

was discarded, and then resuspended in RPMI: 10% HIFCS to a
total volume of 200 lL. A total of 100 lL of cells were placed
into each well of a 96-well plate for flow-cytometric analysis
and stained with fluorochrome-conjugated antibodies identify-
ing T cells and other leukocytes by two nine-color panels
(Supplementary Table S1). For dead cell exclusion, a nucleic
acid stain (Sytox blue; Invitrogen, Paisley, UK) was added at a
dilution of 1/800 to the fluorescence activated cell sorting
(FACS) tubes and incubated for 5 minutes prior to running on
the flow cytometer.

Flow cytometry was undertaken with a high performance
flow cytometer (Dako Cyan ADP; Beckman Coulter, High
Wycombe, UK) as previously described.12 Multicolor cytome-
try compensation was performed using cells or compensation
beads individually stained with each fluorochrome conjugated-
antibody in order to circumvent spectral overlap by adjusting
for false-positives from other fluorochromes. Analysis was
undertaken with acquisition and analysis software (Summit 4.3
for Windows; Beckman Coulter).

Statistical Analysis

Nonparametric comparisons were undertaken with the Mann-
Whitney U test, Wilcoxon signed rank test and correlations by
Spearman’s correlation using commercial scientific software
(Prism version 5.0 for Macintosh; GraphPad Software, La Jolla,
CA). Data were collected on all eyes and comparisons were
undertaken between the worst affected eye in patients and
arbitrarily the right eye in healthy individuals for cross-sectional
analysis. Longitudinal analysis of the same eye was undertaken.

RESULTS

Demographic Information

Of 10 patients (median age 44 [range, 18–67 years], 8 females),
seven where of white European descent, two were African
Caribbean, and one was South Asian. Six patients presented
acutely and four with chronic disease. Five patients were
categorized as TEN (Table, Supplementary Fig. S1) and all but
one patient had a SCORTEN of 1 (with the exception of patient
10 who had a SCORTEN of 2). Drugs were the most common
precipitating agent (n¼ 7). Nine patients were followed up at
12 months (one patient was unavailable for further follow-up).
Visual acuity remained stable throughout the course of the
study. All patients were using nonpreserved topical lubricants
and 9/10 required topical nonpreserved steroids. Patients with
clinical or microbiological evidence of ocular surface infection
(based upon a negative conjunctival swab culture, and
diagnostic PCR where indicated) were included in this study.

Disease Activity and Staging

Conjunctival inflammation was graded as absent/mild in 9/10
patients (18/20 eyes). At presentation, 9/10 had severe disease
according to Power15 versus mild according to the Sotozono
score13 (median score of 8/39 [range, 1–21]). Objective
evidence of fornix shrinkage using a FDM was seen in 9/10
subjects, and this inversely correlated with disease duration (r
¼�0.67; P < 0.05).

At 12 months follow-up, all individuals reviewed had mild
conjunctival inflammation. Interestingly, all had severe disease
according to Power’s scoring, while the median Sotozono
score remained unchanged (8/39 [range, 1–21]), despite three
patients demonstrating progression according to this scale. No
patients had pronounced dry eye problems with a median tear
breakup time of 7 seconds (4–10). Only one patient each had
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evidence of lower and upper fornix shrinkage during the
course of this study.

Conjunctival Epithelial Leukocyte Populations

Gating strategies to characterize cellular populations are
shown in Figure 1. There were no differences in the total
number of conjunctival epithelial leukocytes (P ¼ 0.15) or
lymphocytes in SJS-TEN compared with controls (median 337
[range, 35–6383] vs. 488 [10–3026], P ¼ 0.75l; Fig. 2A). No
difference between the total number of CD3þCD56� T cells
was observed. A reduction in the dominant CD8abþ cells (230
vs. 61; P¼ 0.1) accompanied by a significant reduction in the
percentage of CD8abþ T cells (57% vs. 80%; P < 0.01; Fig. 2B)
and a corresponding elevation of CD8b�CD4� (double
negative) T cells (23% vs. 7%; P ¼ 0.11) was seen. No
differences were identified in the CD4þ (9% vs. 9%; P¼ 0.67);
CD8aaþ T-cell subsets (1% vs. 3%; P ¼ 0.16); or in other
lymphocyte subsets, including NK cells (7.5% vs. 5%; P¼0.45),
NKT cells (2% vs. 5.5%; P¼ 0.28) or CD19þCD20þ B cells (3%
vs. 3%; P ¼ 0.72).

Granulocytes were defined as CD45INTCD11bþCD16þ

CD14� cells. This gating strategy discriminates neutrophils
from other granulocytes (such as basophils and eosinophils)
and monocytes.17,18 A significant increase in the number and
percentage of neutrophils (186 vs. 3.4, P < 0.01;19% vs. 0.5%,
P ¼ 0.001) was seen in SJS-TEN (Fig. 2C). At presentation,
however, the elevation in neutrophils were found to inversely
correlate with disease duration (r ¼�0.71, P ¼ 0.03; Fig. 3A).
This suggests that neutrophil levels were highest in the acute
stages of disease. Of interest, this elevation was maintained
over the 12-month study period (P ¼ 1.0), indicating a
persistent inflammatory infiltrate (Fig. 3B) compared with
healthy participants (247 vs. 3.4, P < 0.01;15% vs. 0.8%, P <
0.001).

The total number and percentage of monocytes was
elevated in SJS-TEN (185 vs. 21, P ¼ 0.02; 12% vs. 6%, P ¼
0.02), and this was attributable to an increase in the number of
‘‘classic’’ CD14þCD16� monocyte subsets19 (140 vs. 6, P ¼
0.03; Fig. 2D). No change in the total leukocyte (P ¼ 0.82) or
lymphocyte populations (P ¼ 0.57) was observed during the
course of the study and CD8abþ T cell (P¼ 0.57) and NK cell
populations also remained unaltered (P ¼ 1.0).

DISCUSSION

SJS-TEN is an uncommon condition with potentially devastat-
ing lifelong ocular surface consequences. Pharmacological or
infective agents are frequently cited as triggers, but in many
cases, the precipitant remains unidentified.20,21 While systemic
disease characteristically resolves, ocular disease may persist or
a significant proportion of patients develop severe ocular
disease many years after the systemic disease has subsided.6,7

The disease takes the form of a variety of clinical phenotypes
such as recurrent inflammatory episodes, ocular surface stem
cell failure, or scleritis. Other patients develop a mucous
membrane pemphigoid (MMP)–like phenotype, with indistin-
guishable clinical and immunohistological features from
MMP.22 Dysregulated innate immune responses are thought
to contribute,23 epithelial expression of HLA-DR correlate with
the presence of inflammatory dry eye24; but the underpinning
mechanisms for chronic SJS-TEN are largely unknown. No
disease-specific biomarkers for prediction of ocular phenotype,
prognosis nor for monitoring activity, damage, and progression
of disease currently exist.

At a molecular level, the initial insult in acute disease is
thought to be a cell-mediated phenomenon regulated by theT
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FIGURE 1. Gating strategy to determine cellular populations. Representative plots of a subject with SJS-TEN demonstrating the gating strategy used
to identify conjunctival leukocytes. Live leukocytes populations (lymphocytes, monocytes, and granulocytes) were identified in conjunctival cells by
gating for CD45þ cells that were negative for the dead cell exclusion dye Sytox blue and back-gated to show the forward and side scatter profiles of
the CD45þ live cells (A). Lymphocyte subsets were identified according to the expression of CD3 and CD56 in one panel (to discriminate T cells
[CD3þCD56�]; natural killer cells [CD56þCD3�]; NKT cells [CD3þCD56þ]) and B cells [CD19þCD20þ] [B] [CD8þ cell populations shown are
TCRabþ]). Monocytes were further characterized by the presence of CD14 and CD16 (C). Neutrophils were defined as CD45INT, CD14�, CD11bþ,
and CD16þ granulocytes (D). Cell populations of interest are boxed (blue).
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FIGURE 2. The dominant cellular infiltrate in the conjunctival epithelium in SJS-TEN is characterized by an increase in CD45INTCD11bþCD16þ

CD14� neutrophils. Twenty-one healthy subjects were compared with 10 patients with SJS-TEN (six patients in the acute stages, open square; and 4
in the chronic stages of systemic disease, closed square). Representative flow cytometry plots are shown. Statistical comparisons between healthy
and SJS-TEN conjunctival leukocytes and lymphocytes (A), CD45þCD3þCD56�CD8abþ T cells ([B], boxed); CD45INTCD11bþCD16þCD14�

neutrophil (C); and CD45þCD14þCD16�monocyte (D) populations were undertaken by the Mann-Whitney U test. NS, not significant. *P > 0.05. **P
< 0.01).
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soluble factor granulysin produced by CD8þ T cells and NKþ

cells, resulting in severe disruption of epithelial surfaces
including the skin.8 While these studies did not examine
ocular disease, earlier studies have identified corneal CD8þ T
cells with epithelial vacuolation in a patient with TEN,9 and a
predominant CD8þ T-cell population in healthy human
conjunctival epithelium.12,25 In our current study, we found
that conjunctival CD8þ and NKþ populations were not
significantly elevated in SJS-TEN compared with healthy
controls and this remained unchanged over time. This
discrepancy might be explained by the fact that SJS-TEN–
induced damage is thought to be mediated by granulysin rather
than the extent of cytotoxic cellular infiltrate.8,26 Conversely,
both CD14þ monocytes and CD45INTCD11bþCD16þCD14�

neutrophils were elevated in SJS-TEN in acute and chronic
stages of disease. The precise definition of acute and chronic
ocular SJS-TEN has not been universally agreed, so we used a
cutoff of >12 months to define chronic disease as described by
Sotozono and colleagues.13 An increase in CD14þ monocytes
has previously been demonstrated in the skin of patients with
SJS-TEN by immunostaining of cryosections. The advantage of
undertaking multicolor flow cytometry has been the ability to
utilize multiple cell surface markers combined with scatter
discrimination, which allowed us to determine both monocyte
and neutrophil populations.27 The elevation in neutrophils was
inversely correlated with the duration of disease, indicating a
higher proportion in those with acute disease. During the
study period of 12 months, however, the elevation of
neutrophils was maintained with time, indicating a persistent
inflammatory response in the absence of culture-positive
infection. The presence of mucosal neutrophils may indicate
innate inflammatory or complement mediated processes.28

Although recent evidence has suggested a role for neutrophils
in dry eye disease states, including extracellular DNA and
neutrophil extracellular trap,29 none of our patients had severe
dry eye problems that could account for these changes.

Moreover, dry eye disease (Sjögren’s syndrome, experimental
dry models) has been associated with an elevation in CD4þ T
cells30,31 rather than CD8þ cells, indicating a disparate disease
mechanism driving the two forms of ocular surface disease.

A critical role of neutrophils is to disrupt bacteria by
producing elastases and proteinases that in turn could also
induce local tissue disruption.28,32 Mice lacking neutrophil
elastase have been shown to be resistant to pulmonary
fibrosis33 and it is possible that this may provide an important
therapeutic target in progressive human conjunctival scarring
disease such as SJS-TEN. Furthermore, a persistent elevation in
neutrophils may be triggered by disordered innate immune
processes and our data supports this hypothesis. This is of
particular interest in the context of recurrent ocular inflam-
mation in chronic SJS-TEN,23 where TLR-3 polymorphisms
have been linked to a cohort of Japanese patients,10 and the
downregulation of both prostaglandin receptors EP3 and EP4,
and IL-1a expression in monocytes are all thought to abrogate
anti-inflammatory effects in SJS-TEN.34–36 Genetic susceptibil-
ity has also been postulated as one of the reasons for abnormal
drug reactions in some individuals and a predisposition to SJS
in others.23

We accept that OSIC recovers cells from the superficial
layers of the epithelium, and will not access the submucosa
unless there is frank stromal ulceration. Notwithstanding, it
has been used in a number of studies investigating dry eye
disease states quantifying reduction of conjunctival goblet
cells (MUC5AC) and HLA-DR in patients with TEN and dry eye
disease, respectively.37 Other than fundamental CD4, CD8,
and CD14 surface expression,38 it has not been used to carry
out a detailed interrogation of ocular surface inflammatory
cellular infiltrates by multicolor panels and gating strategies as
described in our study. The technique has enabled us to
highlight that in ocular SJS-TEN, an inflammatory infiltrate
with CD45INTCD11bþCD16þCD14� neutrophils is present
even in mildly involved or clinically quiescent conjunctival

FIGURE 3. CD45INTCD11bþCD16þCD14� neutrophils are inversely correlated with disease duration but persist with time. CD45INTCD11bþ

CD16þCD14� neutrophil populations were correlated with disease duration at presentation (0 months; [A]) using Spearman’s correlation (*P >
0.05]; **P < 0.05). Nine out of 10 patients with SJS-TEN were sampled at 0 and 12 months (B). Paired analysis of SJS-TEN conjunctival
CD45INTCD11bþCD16þCD14� neutrophil populations at 0 (closed squares) and 12 months (open squares) were undertaken by the Wilcoxon
signed rank test (P > 0.05; [B]).
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mucosa, indicating the persistence of clinically occult
inflammation. There is also a reduction in the percentage of
CD8abþ cells in the superficial conjunctival epithelium during
acute and chronic disease and an elevation in CD14þ

monocytes. While neutrophil numbers inversely correlate
with disease duration, they persist above levels found in
healthy subjects.

The potential to study the presence of neutrophils in early
SJS-TEN by OSIC is attractive, not just because of its
noninvasive methodology, but because it affords the opportu-
nity to undertake longitudinal sampling in a cohort study. In
the absence of both a consistent clinical scoring system and
biomarker of ocular disease, this technique combined with
multicolor flow cytometry warrants further investigation,
enabling us to explore the potential role of neutrophils as
putative biomarkers of occult chronic inflammation and its
effects on local ocular sequelae.
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