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Abstract

Background: Endophthalmitis is an infection of ocular tis-
sues, often with devastating outcomes for vision. Immuno-
modaulation is an emerging avenue for therapeutic interven-
tion in endophthalmitis, with the expression of cytokines
central to potential mechanisms. This literature review with
a systematic approach characterizes the cytokine expression
in both animal and human staphylococcal and streptococcal
endophthalmitis. Method and Results: Four online databas-
es were searched for studies profiling cytokine levels in ani-
mal models or human populations with staphylococcal and/
or streptococcal endophthalmitis. Of the 1,060 articles iden-
tified, 14 studies were included in this review comprising
eight animal models and six human populations. Mouse, rat,
and rabbit models of Staphylococcus aureus, Staphylococcus
epidermidis, and Streptococcus pneumoniae endophthalmitis
had elevated levels of IL-1[3, IL-6, IFN-y, TNF-q, and IL-8, with
earlier peaks observed in S. epidermidis infection. Human en-
dophthalmitis demonstrated significantly increased media-
tor levels compared to controls for a range of pro-inflamma-
tory and anti-inflammatory cytokines, chemokines, and
growth factors. Several associations were established be-
tween cytokine concentrations and both initial visual acuity

and visual prognosis, with no consistent correlations across
trials. Conclusions: It may be that virulence factors and the
combinations of toll-like receptors activated influence the
pathogen-specific visual outcomes observed in endophthal-
mitis. Furthermore, disease severity and potential therapeu-
tic targets may be dependent on synergistic and compensa-
tory cytokine pathways and the expression of anti-inflam-
matory mediators. Future research should aim to better
characterize the roles of inflammatory mediators and solidi-
fy associations between pathogens, inflammation, and en-
dophthalmitis outcomes. This has exciting implications for
the prevention and treatment of endophthalmitis in clinical

settings. ©2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Endophthalmitis is a rare but potentially blinding con-
dition characterized by infection of the vitreous humour.
Infectious agents are mostly from exogenous sources
such as intraocular surgery, penetrating trauma, or intra-
vitreal injection. Infection may also be endogenous, aris-
ing from haematogenous seeding of microbes into the eye
[1]. Less commonly, endophthalmitis is associated with
fungal infection. Typical presenting features include loss
of vision, pain and signs of ocular inflammation such as
hypopyon, and vitreous opacification [2]. Microbial iden-
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tification may aid a clinical diagnosis, but in up to 30% of
patients, no pathogen is isolated [3]. Empiric intravitreal
antibiotics remain the mainstay of treatment, while a vit-
rectomy is reserved for more severe presentations.

The microbiology of endophthalmitis varies between
preceding events. Ocular surgery is a principal risk factor,
accounting for over 80% of cases [4]. Cataract surgery and
intravitreal injection are commonly implicated, with per-
procedure complication rates of 0.265% and 0.056%, re-
spectively [5, 6]. In post-surgical patients, major patho-
gens include coagulase-negative staphylococci such as
Staphylococcus epidermidis, followed by Staphylococcus
aureus, streptococci, enterococci, and Bacillus [7]. Over-
all, Staphylococcus and Streptococcus are the most fre-
quently isolated genera in endophthalmitis [8].

Endophthalmitis caused by S. epidermidis, the most
common commensal on the ocular surface [9], is associ-
ated with better visual outcomes compared to Gram-pos-
itive, non-coagulase-negative endophthalmitis such as
Staphylococcus aureus and Streptococcus pneumoniae in-
fections which cause severe visual loss (worse than 5/200
visual acuity) in up to 37% of eyes [8]. Endophthalmitis
caused by Gram-negative bacteria including Pseudomo-
nas aeruginosa, Haemophilus influenzae, Moraxella spp.,
and Klebsiella pneumoniae are also associated with severe
visual deficits [8, 10] but remain scarcely studied in both
animal and human models.

In addition to the virulence of the pathogen, the host
immune response contributes to the inflammation and vi-
sual outcomes in endophthalmitis. Microbes express clus-
ters of similar molecules known as pathogen-associated
molecular patterns (PAMPs) which are recognized by pat-
tern recognition receptors such as toll-like receptors
(TLRs). TLRs have been characterized in multiple resident
cell types of the eye including retinal pigment epithelial
cells, retinal microglia, and Miiller cells [11, 12]. TLR2 in
particular is well-described in the inflammatory response
in Gram-positive endophthalmitis [13, 14]. When activat-
ed by PAMPs, TLRs initiate a signalling cascade, driving
the expression of inflammatory mediators such as cyto-
kines and the recruitment of innate immune inflamma-
tory cells such as neutrophils and monocytes [15, 16].

Cytokines are small polypeptides that act as intercel-
lular messengers and chemoattractants to facilitate the
initiation, maintenance, and convalescence of the im-
mune response. They are secreted by leukocytes such as
lymphocytes, macrophages, neutrophils, and dendritic
cells, as well as resident cell types of the eye [12]. Cyto-
kines may be involved in recognition (IL-1 and TNF-a),
recruitment (chemokines), removal (IFN-y, IL-2, and IL-
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6), and repair (growth factors) [12]. The expression of
these major cytokines in endophthalmitis is an active area
of research across rat, rabbit, and mouse models [4, 17].
Only a handful of studies have profiled cytokine levels in
human endophthalmitis populations [18-23].

Despite advancements in treatments and periopera-
tive measures, endophthalmitis remains a sight-threaten-
ing complication of eye surgery. With the development of
antimicrobial resistance and inconclusive evidence sur-
rounding the use of corticosteroids [24], there is an
emerging role forimmunomodulation as a potential ther-
apeutic and/or prophylactic measure. Thus, this litera-
ture review with a systematic approach aims to examine
the cytokine expression observed in animal and human
endophthalmitis, with a particular focus on staphylococ-
cal and streptococcal infection in view of its higher prev-
alence, severe visual outcomes, and better characteriza-
tion in animal studies. Although endophthalmitis caused
by other infectious agents such as Gram-negative bacteria
is also associated with significant visual deficits, we con-
sidered it outside the scope of this review due to compar-
atively lower prevalence rates, differences in virulence
factors, and sparse cytokine characterization in both ani-
mal and human models of endophthalmitis.

Methods

Databases and Search Strategy

Four online databases (Medline OVID, Embase, Web of Sci-
ence Core Collection, and Cochrane Library) were searched on
September 12, 2020, without date or language limits. These data-
bases were chosen based on their applicability to endophthalmitis
and cytokine expression.

The key search terms identified were “endophthalmitis” and
“cytokine.” “Panophthalmitis” was regarded a related term for the
disease, and specific classes of cytokines including “chemokine,”
“interleukin,” and “growth factor” were considered in the search
(online suppl. Material 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000525330). An intentionally broad
search strategy was developed because of the diversity of infectious
agents and relative paucity of human studies. Selection for strep-
tococcal and staphylococcal infection was conducted following the
initial search.

Inclusion and Exclusion Criteria

Included studies investigated levels of cytokine expression in
animal models or human participants with endophthalmitis. Ad-
ditionally, only articles which involved staphylococcal and/or
streptococcal infection were selected. One study in a human popu-
lation [19] was included despite not specifying causative patho-
gens because the presence of staphylococcal infection was pre-
sumed given its high rates of occurrence in endophthalmitis.

Excluded articles were those which presented no data on cyto-
kine expression, did not have live models of streptococcal and/or
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staphylococcal endophthalmitis, or were in vitro experiments
only. Conference abstracts, review articles, and single case reports
were also not considered in this review. Five articles were excluded
because they were not written in the English language.

Results

Literature Search

A total of 1,060 records after deduplication were iden-
tified through databases and reference reviews for title
and abstract screening. As per the inclusion and exclusion
criteria, the removal of 990 studies on screening yielded
70 records for full-text assessment of eligibility. Fifty-six
full-text articles were excluded including one full-text
which was not able to be retrieved. Fourteen studies
therefore met the criteria for inclusion in this review
(Fig. 1). All data were organized using EndNote X9.3.3.

Study Characteristics

Animal Models

Eight included studies were experimental rat [16, 25],
rabbit [26], or mouse [13, 27-30] models of endophthalmi-
tis (Table 1). Animal eyes were inoculated via intravitreal
injection of Staphylococcus aureus in six studies [13, 16, 27—
30]. Staphylococcus epidermidis [25] and Streptococcus
pneumoniae [26] were introduced in one study each.

Samples were collected from vitreous humour in rats
and rabbits and from retinal or eye tissue lysates in mice.
The timing of samples varied across studies from 6 hours
to 7 days post-infection. Cytokine levels were quantified
via enzyme-linked immunosorbent assay in all but one
animal study, which applied quantitative reverse tran-
scriptase polymerase chain reaction to detect cytokine
messenger RNA expression only [26].

Human Populations

Six studies quantified cytokine expression in human
endophthalmitis populations (Table 2). All were prospec-
tive studies conducted in different countries, namely Bra-
zil [18], China [19], Canada [20], France [21], India [22],
and Japan [23]. Unsurprisingly, considering the low inci-
dence of endophthalmitis, sample sizes were small, rang-
ing from 16 to 49 samples. There was also variation among
study criteria in the selection for events preceding diag-
nosis. Two articles did not select for specific predisposing
events [22, 23], two selected post-cataract surgery pa-
tients [18, 21], one included cases post-surgery or intra-
vitreal injection [20], and one limited their population to
endophthalmitis following open globe injury [19].
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Furthermore, one study did not provide analysis of mi-
crobiological aetiology [19] and two studies excluded
non-bacterial infections [19, 23]. Across cited popula-
tions, staphylococcal and streptococcal endophthalmitis
comprised 52-100% of culture-positive cases [18, 22].
Only three studies detected Gram-negative infections,
which comprised 12-23% of culture-positive endophthal-
mitis [20, 22]. Samples collected from the vitreous hu-
mour [18, 20, 22, 23], aqueous humour [21], or both [19]
varied in timing from 4 days [19] to 6 weeks [20] after the
predisposing event, though timing was not reported in
two studies [21, 23]. Additionally, control samples were a
point of difference. Most control samples were collected
from eyes with non-infectious conditions such as macu-
lar hole [20], idiopathic epiretinal membrane [23], retinal
detachment, and diabetic retinopathy [22]. One study
sampled controls from cadaveric eyes within 4-10 hours
of death [19]. All studies in human populations used mul-
tiplex analysis of cytokine expression.

Findings in Animal Models of Endophthalmitis

Two studies investigated cytokine expression in the
vitreous humour of rats (Table 1). In a Staphylococcus au-
reus model of endophthalmitis, Giese et al. [16] detected
upregulation of the pro-inflammatory cytokines IL-1,
IEN-y, and TNF-aq, as well as the chemokine CINC, a
functional rat homologue of human IL-8 [31]. Petropou-
los et al. [25] described similar cytokine increases in
Staphylococcus epidermidis-infected rats but noted earlier
concentration elevations (12 vs. 24 hours). Both studies
reported temporal correlations between peak cytokine
levels and clinical inflammation. Interestingly, IFN-y
concentrations peaked later than the other cytokines
measured. No cytokines were detected in the sera at any
time point in either study.

Five studies assessed retinal or eye tissue lysate sam-
ples in mouse models of S. aureus endophthalmitis [13,
27-30], observing similar cytokine profiles to the previ-
ous studies. Significant upregulation was demonstrated
for the pro-inflammatory cytokines IL-1f and IL-6 in all
these studies, with peak levels reported by Talreja et al.
[13] at 2 days and 1 day post-infection, respectively. Ku-
mar et al. [29] similarly showed that these cytokines were
most elevated at the earliest sampling time point of 36
hours. TNF-a is another pro-inflammatory cytokine
which was elevated in three mouse studies [13, 27, 29].
Francis et al. [30] did not detect increased TNF-a protein
levels but reported an upregulation of TNF-a messenger
RNA expression. Additionally, Talreja et al. [13] reported
an elevation in IL-10 levels, highest between 1 and 2 days
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Table 1. Studies investigating cytokine expression in animal models of endophthalmitis

Study

Study characteristics

Cytokine expression

Chemokine expression

Giese et al. [16], 1998

Model: rat

Pathogen: Staphylococcus aureus
Sample: vitreous

Time: 6,24,48,72 h

11L-1B (24 h)2
1 IFN-y (24-48 h)?
1 TNF-a (24 h)?

1 CINC (24 h)?

Petropoulos et al. [25], 2006

Model: rat

Pathogen: Staphylococcus epidermidis

Sample: vitreous
Time: 6, 12,24, 48,72 h, 7 days

1IL-1B (12 h)?
1 IFN-y (6, 48 h)?
1 TNF-a (12 h)?

NS

Sanders et al. [26], 2011 Model: rabbit TIL-1pP 1 1L-8/CXCL8P
Pathogen: Streptococcus pneumoniae 1 1L-6P
Sample: vitreous 1 TNF-aP
Time: 3,6,9,12,24,36,48 h

Singh et al. [27], 2014 Model: mouse TIL-1B 1 KC/CXCL1
Pathogen: Staphylococcus aureus TIL-6 1 MIP-2/CXCL1
Sample: retinal tissue lysate 1 TNF-a

Time: unclear

Talreja et al. [13],2015

Model: mouse

Pathogen: Staphylococcus aureus
Sample: retinal tissue lysate
Time: 1, 2, 3 days

TIL-1B (2 days)
11L-6 (1 day)
1 IL-10 (1-2 days)

1 KC/CXCL1 (1-2 days)
1 MIP-2/CXCL1 (2-3 days)

Rajamani et al. [28], 2016 Model: mouse TIL-1B 1 MIP-2/CXCL1
Pathogen: Staphylococcus aureus TIL-6
Sample: retinal tissue lysate
Time: 24 h
Kumar et al. [29], 2016 Model: mouse TIL-1B (36 h) NS
Pathogen: Staphylococcus aureus 11L-6 (36 h)
Sample: retinal tissue lysate 1 TNF-a (60 h)
Time: 36, 60,84 h
Francis et al. [30], 2020 Model: mouse TIL-1B 1 KC/CXCL1
Pathogen: Staphylococcus aureus T1L-6 1 MIP-2/CXCL1¢

Sample: eye lysate
Time: 24,30 h

Time - elapsed interval between inoculation of bacteria and sampling. h - hours. (12 h) - peak cytokine level at 12 h. (24-48 h) - peak
cytokine level between 24 and 48 h. (6, 48 h) - bimodal peak of cytokine levels at 6 and 48 h. 1 —significant increase reported. | — significant
decrease reported. NS — no significant changes in expression or not investigated. IL, interleukin; IFN, interferon; CINC, cytokine-induced
neutrophil chemoattractant; TNF, tumour necrosis factor; KC, keratinocyte-derived chemokine; MIP, macrophage inflammatory protein.
2No cytokine levels detected in the sera. ® No non-endophthalmitis control for reference. <Only measured at 24 h, not measured at 30 h.

post-infection. This study further demonstrated in-
creased expression of KC/CXCL1 and MIP-2/CXCL2, the
functional murine homologues of the chemokine IL-8
[32]. Similar patterns of expression were reported in three
other studies [27, 28, 30].

Findings in Human Endophthalmitis
Included studies of human endophthalmitis profiled a
large number of cytokines, chemokines, and growth fac-
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tors involved in all phases of the immune response (Ta-
ble 2). Generally, mediators were elevated in both aque-
ous and vitreous samples. The pro-inflammatory cyto-
kines and chemokines described in animal models were
observed to increase with good concordance across hu-
man studies, particularly noticeable in IL-1§, IL-6, IFN-y,
TNF-a, and IL-8.

Escarido et al. [18] reported elevated levels of twenty
inflammatory mediators in the vitreous of 18 endophthal-
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mitis patients post-cataract surgery. Anti-inflammatory
cytokines such as IL-1Ra, IL-10, and IL-4 were among
those upregulated. Higher IL-8 levels were detected in cul-
ture-positive than culture-negative cases, and IL-17 was
elevated in S. aureus endophthalmitis in contrast with
other pathogens. Furthermore, in the vitreous of 25 cul-
ture-positive and 16 bacterial endophthalmitis patients,
respectively, Deshmukh et al. [22] and Fukunaga et al. [23]
also reported increases in pro-inflammatory and anti-in-
flammatory cytokines, chemokines, and growth factors.
Notably, the former detected significant elevations in the
growth factors FGF2, TGF-a, G-CSF, and PDGF-BB. No
significant differences were established between culture-
positive and culture-negative cases.

In the vitreous of 18 exogenous endophthalmitis pa-
tients, Seamone et al. [20] reported elevated VEGEF-A, IL-
1B, IL-1Ra, IL-6, IL-8, IP-10, and MCP-1 levels. Results
were not reported for many of the other mediators inves-
tigated; however, a positive correlation was detected be-
tween VEGF-A and IL-8/CXCLS levels. The expression
patterns between culture-positive and culture-negative
populations did not significantly differ.

A multi-centre study of 49 aqueous endophthalmitis
samples post-cataract surgery by Sauer et al. [21]
showed an increase in all inflammatory markers mea-
sured except GM-CSF. The elevation was particularly
noticeable in pro-inflammatory and T-helper 1 cyto-
kines such as IL-1f, IL-1Ra, IL-15, and IL-16 and che-
mokines such as IL-8, MIP-1f, MCP-1, IP-10, and G-
CSF. This generalized cytokine upregulation was not
reported by Hao et al. [19] who compared inflamma-
tory mediator levels in the aqueous and vitreous hu-
mour of bacterial endophthalmitis patients post-open
globe injury. IL-1pB, IL-6, and MIP-3a levels were ele-
vated in both aqueous and vitreous, with IL-17A over-
expressed in aqueous only. Additionally, decreased lev-
els of IL-2,IL-5,1L-21, and TGF-P1 were detected in the
aqueous but not vitreous humour.

Correlations between Cytokine Expression and

Visual Acuity

Several studies sought for correlations between cyto-
kine concentrations and visual acuity at initial presenta-
tion and then at follow-up, with no consistent findings.
Escarido et al. [18] reported a positive correlation be-
tween levels of TNF-a and initial visual acuity. Strong as-
sociations between initial visual acuity and intraocular
levels of TGF-a, IL-1f, and IL-8 were also determined by
Deshmukh et al. [22]. Sauer et al. [21] reported that initial
visual acuity was better with increased expression of IL-
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15 and poorer with high levels of IL-6, MCP-1, G-CSF,
IP-10, VEGF. After 1 year, final visual acuity was better
with high initial levels of IL-10. A poorer prognosis at 1
year correlated with greater concentrations of IL-8, MCP-
1, and VEGF.

Discussion

Staphylococcal and Streptococcal Virulence Factors in

Endophthalmitis

Animal models of endophthalmitis demonstrated
similar immune mediator profiles with some temporal
differences. Earlier peak cytokine responses were noted
in Staphylococcus epidermidis [25] than in Staphylococcus
aureus studies [13, 16, 29], which may reflect its lower
virulence potential [8]. Indeed, S. epidermidis has been
shown to induce rapid inflammatory responses and clear
more quickly than other pathogens in endophthalmitis
[33]. With note of the eye’s status of immune privilege
and the associated suppression of an inflammatory milieu
[34], the ability of the ocular immune system to respond
quickly to bacterial challenge may therefore influence vi-
sual outcomes.

Gram-positive bacteria including Streptococcus and
Staphylococcus share similar cell wall components that ac-
tivate TLR2 and induce the production of inflammatory
mediators [13, 35]. In addition to cell wall PAMPs such as
lipoteichoic acid and peptidoglycan, Kumar and Kumar
[36] demonstrated that S. aureus-specific virulence factors
independently induce expression of IL-1p, TNF-a, and
KC/CXCL1 in mouse eyes. Similar cytokine elevations
were noted in studies included in this review. One such
virulence factor, a-toxin, is a strong inducer of the pro-
inflammatory cytokine IL-17 in humans [37] which in-
duces the production of other pro-inflammatory cyto-
kines and chemokines and also increases the recruitment
of neutrophils [38]. Additionally, the presence of a-toxin
in a rabbit model of S. aureus endophthalmitis has been
shown to correlate with increased retinal damage when
compared to infection with a-toxin-deficient strains [1].
This notion that a-toxin may be a key virulence factor in
staphylococcal endophthalmitis is furthered by several
human endophthalmitis studies reporting significant IL-
17 upregulation [18, 19, 21, 23]. Importantly, Escarido et
al. [18] also found thatincreased IL-17 levels distinguished
S. aureus from other bacterial infections.

Although most streptococcal endophthalmitis is
caused by other species [8], several virulence factors have
been investigated in Streptococcus pneumoniae endo-
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phthalmitis. Unencapsulated S. pneumoniae strains in-
duce less severe but clinically significant disease when
compared with capsulated strains [26], suggesting that
bacterial factors other than the capsule are involved in
mediating inflammation. Pneumolysin, an intracellular
cytotoxin produced by almost all pneumococcal strains
[39], has been implicated in the pathophysiology of S.
pneumoniae endophthalmitis. Infection of rat eyes by a
pneumolysin-deficient S. pneumoniae strain causes less
severe tissue damage than pneumolysin-producing
strains [40]. Furthermore, both the polysaccharide cap-
sule and pneumolysin are recognized by TLR4 [41], which
contributes to the ocular immune response in other en-
capsulated bacterial infections [42]. Therefore, the poor
outcomes of S. pneumoniae endophthalmitis may reflect
that pneumococcal virulence factors activate both TLR2
(cell wall components) and TLR4 (capsule and pneumo-
lysin).

Host Immune Response in Endophthalmitis

Similar patterns of elevation in pro-inflammatory cy-
tokines and chemokine levels were observed between an-
imal models and human endophthalmitis populations,
suggesting the validity of using animal experimentation
to inform and guide human studies in endophthalmitis.
This is despite intra-study and inter-study heterogeneity
with respect to disease severity and time course, with the
latter shown to influence cytokine expression patterns in
animal models [13, 16, 25, 29]. We note that regardless of
the timing between predisposing event and sampling, the
invasive nature of acquiring aqueous and vitreous sam-
ples means that sampling often occurred as an adjunct to,
or as part of, other routine investigations and procedures,
likely coinciding with times of higher intraocular concen-
trations of pro-inflammatory mediators.

The pro-inflammatory cytokines IL-1p and TNF-a
were upregulated across the included studies. They are
expressed in the early stages of infection to initiate the
immune response and recruit mediators to the eye [12],
as observed by Petropoulos et al. [25] who reported that
levels of both mediators peaked prior to clinical inflam-
mation. IL-13 augments other pro-inflammatory cyto-
kines such as IL-6, IL-17A, KC, and MCP-1 and can in-
dependently cause cellular infiltration in mouse eyes [43].
TNF-a has a further role of promoting neutrophil migra-
tion via increasing vascular permeability [44]. However,
studies have suggested that the absence of TNF-a in ocu-
lar inflammatory states may be compensated by the up-
regulation of other cytokines and chemokines, resulting
in similar disease outcomes [43, 45]. Furthermore, I1L-6

Cytokines in Endophthalmitis

was another pro-inflammatory cytokine upregulated in
the studies. In a model of Bacillus cereus endophthalmitis,
IL-6-deficient mice did not have a significantly altered
clinical course compared to wild-type mice [46]. This ap-
parent presence of both synergism and compensatory cy-
tokine pathways presents a challenge for immunomodu-
latory therapies. Although targeting single inflammatory
mediators such as IL-1, TNF-a, and IL-6 has evidence in
certain autoimmune conditions [47], effective immuno-
modulation in endophthalmitis may require consider-
ation of multiple cytokine targets and upstream regula-
tory pathways [28].

Several anti-inflammatory cytokines were at increased
concentrations across cited studies including IL-1 recep-
tor antagonist (IL-1Ra) and IL-10. In combination with
elevated IL-1( expression, the observed upregulation of
IL-1Ra supports the idea that anti-inflammatory cyto-
kines play a role in limiting host-mediated tissue dam-
age. IL-10, which inhibits T cell, natural killer cell, and
macrophage activity, is implicated in limiting the pro-
duction of pro-inflammatory cytokines and chemokines
[48]. Angiogenesis, a process which is harmful to ocular
tissues, is also inhibited by IL-10 [49]. While correlations
between concentrations of IL-10 and other mediators in
endophthalmitis have not been investigated, its safe-
guarding mechanism may explain the association of el-
evated IL-10 with the better visual outcomes reported by
Sauer et al. [21]. Other anti-inflammatory cytokines such
as IL-4, IL-5, and IL-13 were also upregulated; however,
their significance in endophthalmitis is yet to be charac-
terized.

Chemokines are a family of cytokines involved in the
recruitment of cells in the inflammatory response. IL-8
and its functional homologues in animal models (CINC
inrats [31], KC and MIP-2 in mice [32]) were consistent-
ly upregulated, functioning primarily to attract and re-
cruit neutrophils. In an S. aureus endophthalmitis rabbit
model, Sanders et al. [26] described temporal variations
in neutrophil activity without similar changes to IL-8 ex-
pression, suggesting the presence of other neutrophil che-
motaxins. Such chemokines may include growth-related
oncogene (GRO) [50], IFN-y-inducible protein-10 (IP-
10), and members of the CC chemokine family more
commonly associated with monocyte chemotaxis [32],
many of which are upregulated in human endophthalmi-
tis. Interestingly, included studies showed that concen-
trations of IL-8, monocyte chemoattractant protein-1
(MCP-1/CCL2), and IP-10 correlate with poorer initial
visual acuity [21, 22]. It is possible that these specific che-
motactic factors, via the recruitment of neutrophils,
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monocytes, and T cells, respectively, induce the down-
stream expression of pro-inflammatory mediators which
contributes to ocular damage and poorer visual out-
comes.

The vascular endothelial growth factor family (VEGF/
VEGF-A), implicated in the pathophysiology of non-in-
fectious ocular conditions, was upregulated in several
studies [20, 21, 23]. In diabetic retinopathy and age-re-
lated macular degeneration, trauma such as tissue hy-
poxia leads to production of VEGF and subsequent neo-
vascularization [51]. Although hypoxia is not a recog-
nized sequela of endophthalmitis, Seamone et al. [20]
reported a positive correlation between VEGF-A and
IL-8 concentrations, suggesting a hypoxia-independent
mechanism for VEGF-A secretion mediated by IL-8.
Moreover, the authors highlighted that VEGF-A may be
upregulated upon activation of ocular immune defences
regardless of endophthalmitis aetiology. This is support-
ed by its associations with poor initial visual acuity and
1-year prognosis detected by Sauer et al. [21], who sam-
pled from both culture-positive and culture-negative
populations. It is plausible then, that by inducing mono-
cyte and granulocyte chemotaxis and increasing the per-
meability of the blood-retinal barrier [52], VEGF has a
key role in the ocular tissue damage caused by the host
immune response, resulting in its association with poor
visual outcomes.

Limitations

There are several limitations in this review. Regarding
the methodology, restricting search parameters to strep-
tococcal and staphylococcal infection resulted in the ex-
clusion of several animal endophthalmitis studies, par-
ticularly regarding B. cereus infection, four of which are
included in the discussion [14, 45, 46, 53]. Additionally,
quantitative comparison of cytokine expression between
studies is limited by the different animal models, patho-
gens, and cytokine detection methods, as well as varying
bacterial loads inoculated to induce disease.

The paucity of available literature further restricted
study selection. For human endophthalmitis populations,
our inclusion criteria did not consider selection for pre-
disposing events, severity of disease, infection time course,
or any concomitant medical therapy, which may have af-
fected the observed cytokine concentrations. Differences
in sampling locations and controls may also have influ-
enced results, particularly as one study using cadaveric
control samples reported a significantly different cytokine
profile compared with other cited populations [19].
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More broadly, analysis of cytokine expression in endo-
phthalmitis is limited by the rarity of the disease. The low
power of small sample sizes restricts the capacity to deter-
mine significant differences between intra-study vari-
ables such as cytokine profiles induced by different or-
ganisms. This is exacerbated by traditionally low rates of
culturing pathogens; however, newer PCR techniques are
improving bacterial detection rates [54]. It seems likely
that non-Gram-positive pathogens such as Gram-nega-
tive bacteria and fungi may exhibit distinct profiles of cy-
tokine expression owing to their different virulence fac-
tors and subsequent immune activation pathways. Fur-
thermore, many inflammatory mediators detected in
multiplex assays have currently uncharacterized roles in
endophthalmitis, reinforcing the need for future animal
studies to extend knowledge and understanding in this
area.

Conclusion

Gram-positive bacterial endophthalmitis remains a
challenging ophthalmic emergency with high rates of vi-
sion loss. This review highlights its complex pathophysi-
ology which involves organism-specific virulence factors,
activation of TLR2, and various interactions with the host
immune response. Staphylococcus spp. and Streptococcus
spp.» the most common endophthalmitis pathogens, also
produce proteins such as a-toxin and pneumolysin that
may inflict further damage either directly or via the acti-
vation of other immune system receptors such as TLR4
(36, 41].

Central to TLR activation and inflammation is the
downstream expression of cytokines. Included studies
demonstrated a global upregulation of inflammatory me-
diators across both animal models and human popula-
tions with endophthalmitis. Pro-inflammatory cytokines
are the most well-studied subset of these mediators, an
area of interest being the possible presence of synergistic
and compensatory cytokine regulation pathways with its
unique implications on directions for future research [43,
45]. Anti-inflammatory cytokines, chemokines, and
growth factors similarly show promise as targets of im-
munomodulation and are associated in varying degrees
to visual outcomes [21, 22], although most have current-
ly indeterminate roles in the pathophysiology of endo-
phthalmitis.
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Future Directions

As recent progresses show, there remains an impor-
tant place for animal models to characterize the roles of
cytokines upregulated in human endophthalmitis popu-
lations and to explore the inflammatory profiles induced
by other bacterial pathogens. Additionally, animal mod-
els provide a means to assess potential therapeutic treat-
ments such as targeting metabolic pathways [29, 30] or
administering phage lysins [27] or anti-VEGF [20]. Some
of the less characterized mediators highlighted by this re-
view as having potential roles in immunomodulation in-
clude IL-1Ra, IL-10, MCP-1, and IP-10.

In human populations, well-powered studies are re-
quired to identify patterns of inflammation associated
with specific pathogens and to continue exploring the in-
consistent associations identified between cytokine ex-
pression and visual acuity [18, 21, 22]. Furthermore, stud-
ies investigating cytokine expression in the sera of pa-
tients with endophthalmitis may reveal correlations with
vision loss and ocular inflammation that pave a more
clinically practical path for diagnostic and/or therapeutic
intervention.
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