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  Pref ace   

 In 2015, we were approached by Springer to develop a book on ocular infectious 
disease. On looking through texts available at the time, few were dedicated to the 
subject. What was lacking was a clinically accessible book that was intended for the 
practicing ophthalmologist, but that contained basic pathology information of value 
for the understanding of infectious processes in the eye and periocular tissues. Such 
a book need not be encyclopedic. It need not contain an atlas of ocular microbiology 
or include a manual of laboratory technique. It should, however, demonstrate useful 
clinical approaches to ocular infectious disease and describe key organisms with 
their effects on the eye. 

 To this end, contributing clinical authors were recruited from Tufts New England 
Eye Center and the Penn State Hershey Eye Center, and additional collaborators 
were included as these authors developed their chapters. The clinical sections are 
organized by anatomic site to cover periocular tissues and the ocular globe, with a 
separate chapter to address ocular infection in pediatric practice. A clinically ori-
ented section on antimicrobial therapy and an introduction to specimen collection 
and the microbiology laboratory are included to support these clinical chapters. 
Tables and algorithms are employed throughout to enhance the clinical utility of this 
material. 

 Introductory chapters on epidemiology and the basics of pathological tissue 
reactions were written by the editors. Both NVL and CSS have extensive research 
and practice experience in ocular pathology. To provide a description of key organ-
isms that serve as models for ocular infectious disease in parts of the world outside 
of North America and Western Europe, experts in the pathology of these diseases 
from the Joint Pathology Center, Washington, D.C., were invited to contribute a 
chapter on this topic. Again, illustrations and tables are used to make many of these 
concepts more accessible to the clinical audience. 

 As editors, the development of this book has provided both of us with its share of 
interesting experiences along the way. It has, moreover, been a satisfying and very 
educational process. We would like to thank all of our contributing authors, whose 
expertise in their respective fi elds made this work possible. We want to thank Alan 
Ball for his help and expertise in editing this work. Your dedication and willingness 
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to assist us with this book is invaluable. Thanks to Dr. Nada Farhat for help with 
fi gure edits in Chap. 2. Nada, your work shows your amazing artistic abilities! 
Special thanks to Dr. Jay Duker, chairman of ophthalmology at Tufts Medical 
Center and the New England Eye Center, for his continued support and guidance. 

 We want to acknowledge our mentors Drs. Lorenz Zimmerman, Ahmed Hidayat, 
and Ian McLean from the former Armed Forces Institute of Pathology in Washington, 
D.C. Although they are no longer with us, their unparalleled dedication to ocular 
pathology taught us to love all aspects of pathology, in particular the eye. 

 We would also like to thank the development staff at Springer for their helpful 
advice and especially for their patience as the different sections of this work were 
prepared. And of course, the support and understanding of our spouses and families 
is acknowledged with affection and gratitude. 

 Ocular infectious disease comprises many sight-threatening conditions that can 
be prevented through education or treated with modern surgical or drug therapies. It 
is an important component of clinical ophthalmology. We are privileged to have had 
the opportunity to make this contribution.  

    Boston ,  MA ,  USA      N.  V.     Laver  ,   MD   
    Hershey ,  PA ,  USA      C.  S.     Specht  ,   MD       

Preface
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    Chapter 1   
 Epidemiology and Clinical Signifi cance 
of Ocular Infection                     

     Charles     S.     Specht       and     Nora     V.     Laver     

          Introduction 

  Homo sapiens  has evolved as a diurnal species dependent on vision. Visual loss may 
represent a handicap ranging from minimal to severe and, despite the capability of 
humans to adapt, nevertheless manifests as a limitation to productivity and quality 
of life which challenges the individual. The numbers of people affected by vision- 
threatening infections render the implications large and social. 

 It is no surprise that the signifi cance of blinding conditions may be felt most 
harshly where the population can least afford to deal with the problem. At the same 
time, sight-threatening infections occur worldwide across all ranges of socioeco-
nomic conditions. An infection may be the primary cause of ocular tissue damage 
and visual loss, or it may arise as a secondary factor that complicates a wide spec-
trum of injury and disease processes. 

 In the world there exist differing classes of etiology for eye infections that vary 
with the level of economic development in any given region. This situation presents 
a unity of concern that demands a global understanding. This is illustrated in sce-
narios that include the improvement of surgical care available to the poor only to 
introduce the complications of infection to this population or, on the other hand, 
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the exposure and spread of emerging infectious agents more widely and to new 
populations as increased economic development makes exotic travel feasible for 
larger numbers of individuals. 

 The extent and cost of blindness and vision impairment have been quantifi ed and 
documented by the World Health Organization and other international agencies, and 
it is no small issue [ 1 ]. 

 Overall, the most signifi cant causes of visual loss worldwide are cataract, uncor-
rected refractive error, and age-related macular degeneration [ 2 – 9 ]. However, 
although factors other than infection account for a larger proportion of impaired 
vision and blindness, the fact that it is potentially treatable and preventable marks 
ocular infection for the attention of ophthalmic caregivers internationally. Moreover 
the toll such diseases take on regions that have the least economic development 
impels us to seek solutions at the level of the individual patient and through public 
health initiatives from which all patients and populations may benefi t and learn. 

 As we review the present approaches to clinical understanding and treatment of 
eye infections, we will return to the concept that the nature of eye infection in a 
given region is associated with its level of economic development.  

    Infections in the Economically Developed World 

 In the more economically developed parts of the world, the nature of serious eye 
infection is often a function of the degree to which medical care has evolved and is 
available. In these areas, ocular infection largely presents as (1) a complication of 
surgical or nonsurgical trauma or of contact lens use; (2) as a secondary phenome-
non in patients with degenerative changes, such as corneal ulcer associated with 
bullous keratopathy; or (3) in association with systemic disease as is seen with 
endogenous endophthalmitis in immune suppressed patients. Where medical prac-
tice makes extensive use of sophisticated (and costly) technological and pharmaceu-
tical treatments, and as environmental factors that are associated with other classes 
of infection are either lacking or controlled, infections that arise as complications of 
these treatments have become the predominant concern. 

 The economies in more developed countries support the offering of many oph-
thalmic agents, such as compounded pharmaceuticals, that require sophisticated 
standards for safe manufacture [ 10 ]. Vision correction consumer products of conve-
nience are widespread as well. In the case of products used directly by the patient, 
such as contact lenses and contact lens cleaning products, consistent compliance 
with recommended instructions for use is needed to prevent ocular infection [ 11 –
 14 ]. With any of these products, lapses in sterile manufacturing methods or inap-
propriate use by physicians or patients can facilitate the development of ocular 
infection. 

 Every medical intervention has a complication rate that can be mitigated, but not 
eliminated, through conscientious attention to practice variables [ 15 ,  16 ]. The 
occurrence of endophthalmitis illustrates this point. Although a rare disorder on a 

C.S. Specht and N.V. Laver
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population basis, endophthalmitis can cause considerable ocular morbidity with 
reduced visual acuity and blindness [ 15 ]. Most endophthalmitis is exogenous, either 
secondary to corneal ulceration, where common organisms include  Streptococcus , 
 Staphylococcus , and  Pseudomonas , or associated with surgical or nonsurgical 
trauma [ 15 ,  17 ]. Ubiquitous cutaneous organisms such as  Streptococcus  and 
 Staphylococcus  are frequently involved in posttraumatic exogenous endophthalmi-
tis, but gram-negative bacteria and pathogenic fungi that may be found in the envi-
ronment can represent the sole infectious agent or may proliferate as a component 
of a mixed infection [ 15 ,  18 – 21 ]. 

 Endophthalmitis that occurs as a complication of cataract extraction, vitrectomy, 
intravitreal injection of therapeutic drugs for retinal disorders, glaucoma bleb sur-
gery, penetrating keratoplasty, and the use of keratoprostheses is a serious event 
whose frequency increases proportionately to the number of procedures performed. 
Reported examples that have occurred due to a lapse in sterile technique have been 
generally caused by commensal bacteria such as  Streptococcus  or  Staphylococcus , 
whereas a larger variety of bacteria and fungi have been involved in cases where 
intraoperative irrigating solutions or medications used for intravitreal injection con-
tained pathogenic organisms due to defi ciencies in sterile manufacturing methods 
[ 15 ,  16 ,  19 ,  20 ,  22 – 30 ]. In a 2007 analysis of Medicare patients, the cost of treat-
ment for endophthalmitis that occurs as a complication of cataract extraction was 
estimated at about 12,000 US dollars per affected patient [ 16 ]. 

 Endogenous endophthalmitis, where infection is spread to the eye through sepsis 
or the circulation of infectious emboli, is less common than exogenous endophthal-
mitis [ 15 ]. It too, is a disease of “better health care.” As this condition tends to arise 
in hospitalized patients with diabetes, systemic malignancy, various forms of 
immune defi ciency, or cardiovascular diseases, these cases are most often reported 
from economically developed countries where more patients are treated for such 
disorders. Bacteria including streptococcal species, gram-negative bacilli, and anaer-
obes are often involved, but infection in this context can also arise from fungemia 
(most often due to  Candida ), and mixed infections can occur [ 15 ,  19 ,  21 ,  31 ,  32 ]. 

 It should be noted that in economically developed regions, cases of nonsurgical 
ocular trauma receive primary treatment with microsurgical technique, and intravit-
real or intravenous antibiotic therapy is used to prevent or treat endophthalmitis that 
may arise due to either surgical or nonsurgical ocular trauma; these practices serve 
to limit vision loss [ 15 ,  18 ]. Furthermore, endophthalmitis cases are rare compared 
with the overall number of ophthalmic surgical procedures performed in regions 
such as North America and Western Europe [ 15 ].  

    Infections in the Developing World 

 The contribution of ocular infection to the population burden of visual impairment 
varies considerably throughout the world [ 1 – 9 ]. The most important infectious 
cause of visual loss worldwide is trachoma due to infection with  Chlamydia 
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trachomatis  [ 9 ]. Although declining due to international efforts that are dedicated to 
the eradication of this disease, signifi cant endemic foci remain in Africa and Asia 
[ 3 – 5 ,  7 – 9 ]. 

 An estimated 21 million people worldwide are affected by trachoma, of which 
about two million have visual loss. The disease occurs in poor remote areas of 
warm-weather countries in Asia, Africa, and the Pacifi c region; Egypt, Pakistan, 
Nigeria, and Ethiopia have the largest populations at risk for infection [ 33 ,  34 ]. 
There are no animal hosts for the human strains of  Chlamydia trachomatis  and so 
the infection is transmitted from person to person, with overcrowded living condi-
tions and personal hygiene habits representing key risk factors in endemic areas. 
The primary cause of blindness is repeated episodes of conjunctival infection that 
leads to scarring with eventual development of lid entropion and trichiasis. The 
initial infection often occurs in childhood, and the prevalence of infection among 
children can be as high as 60 % in endemic areas [ 33 ]. Individuals infected with 
 Chlamydia trachomatis  can be successfully treated with antibiotics, and trichiasis 
can be treated with surgery. On a population basis, ocular morbidity can be reduced 
with educational efforts to improve personal hygiene (particularly proper face wash-
ing among children) and attention to sanitation that includes upgrading community 
water systems to hygienic standards. 

 The worldwide economic loss due to trachoma is estimated to be about 5.3 bil-
lion US dollars per year, a substantial burden in the very poor areas of the world 
where it is endemic [ 34 ]. An international effort led by the Global Alliance for the 
Elimination of Blinding Trachoma seeks to eliminate this disease as a major cause 
of blindness in endemic areas through widespread use of the SAFE strategy: surgery 
for trichiasis, mass distribution of antibiotics, educational efforts to increase facial 
cleanliness, and improved environmental sanitation [ 33 ,  34 ]. 

 Ocular infection with a locally endemic organism can also have a relatively sub-
stantial effect in a single area of the world as is the case with onchocerciasis in 
endemic areas of sub-Saharan Africa. The incidence of this infection is also declin-
ing due to eradication efforts led by international agencies [ 8 ]. Onchocerciasis is 
caused by  Onchocerca volvulus , a fi larial parasite. Also known as river blindness, 
the parasitic pathogen is spread by riparian black fl ies of the genus  Simulium  [ 35 ]. 
The fi lariae primarily infect the skin but can spread throughout the body, with an 
associated infl ammatory reaction and fi brosis that cause the clinical manifestations 
of the disease. The skin lesions are intensely pruritic and are a major source of mor-
bidity. Infection of the eye can manifest as punctate keratitis, sclerosing keratitis, 
iridocyclitis, chorioretinitis, and papillitis [ 35 – 37 ]. Central nervous system involve-
ment can also occur with the development of seizures [ 35 ]. Onchocerciasis is 
endemic in much of sub-Saharan Africa, where more than 99 % of cases occur. 
More limited endemic areas are found in Latin America and Yemen. Overall, cuta-
neous, ocular, or systemic lesions of this disease affect about 37 million people [ 35 , 
 36 ]. Onchocerciasis can be limited through control of the  Simulium  black fl y vector 
in endemic areas, and  Onchocerca volvulus  can be treated with antibiotics. An inter-
national effort, the African Program for Onchocerciasis Control, has been fi ghting 
this disease since the early 1990s with mass distribution of antibiotics donated by 
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the pharmaceutical industry [ 35 – 39 ]. The economic burden of onchocerciasis 
includes the cost of treatment and vector control and losses from reduced individual 
productivity due to visual loss and the syndrome of intense pruritus. These effects 
can hamper economic development in the poor rural areas that are most affected by 
onchocerciasis [ 38 – 40 ]. The African Program for Onchocerciasis Control has had 
success in many places, but endemic regions remain. Successful eradication efforts 
will require the continued cooperation and coordination of donor countries, interna-
tional aid agencies, and the governments of the affected countries [ 39 ,  40 ]. 

 Thus, in contrast to the infections seen in the developed part of the world, those of 
the developing world occur as a primary disorder associated with environmental fac-
tors and a limited ability to address environmental issues such as substandard public 
water supplies and sanitary systems that compound the causative or contributory 
effects of warm-weather conditions; a high prevalence of bacteria, fungi, viruses, or 
parasitic organisms in the environment; and a large local population of arthropod 
vector species. These conditions foster the development of infections such as kerati-
tis due to bacteria or fungi (more common in warm climates), conjunctivitis and tri-
chiasis due to trachoma (associated with crowding and substandard sanitation), and 
onchocerciasis (an arthropod-borne fi larial disease). 

 Given these causative or aggravating factors, the prevalence of many ocular 
infections in less developed countries can be substantially impacted by educational 
efforts, changes in public policy toward essential services, and mass distribution of 
therapeutic medications. These efforts are important, as morbidity due to visual loss 
can cause signifi cant loss of individual productivity, and the cost of medical care for 
these patients can represent a crippling expense in an economically disadvantaged 
area. 

 Keratitis and corneal ulceration are relatively common in less developed coun-
tries, especially those that have a tropical or subtropical climate in Asia or Africa. 
Bacterial organisms such as  Staphylococcus ,  Streptococcus , and  Pseudomonas  are 
frequent corneal pathogens in these warm-weather environments, and the number of 
mycotic infections such as those caused by  Fusarium  species is higher than that 
seen at temperate latitudes [ 13 ,  41 ,  42 ]. Herpes simplex seroprevalence is high in 
countries such as Tanzania, where greater than 90 % of the adult population is 
affected, and so herpes simplex keratitis and its secondary complications are also 
relatively common [ 43 ]. The cost of keratitis and corneal ulcer can be high relative 
to per capita income in developing countries; one study from southern India put the 
average cost for medical care in these cases at nearly 57 US dollars in an area where 
the average per capita income is about 30 US dollars per month [ 42 ]. That fi gure 
does not include the effects of lost work time and future visual morbidity on the 
economic well-being of these patients. 

 In recent years the ophthalmic effects of emerging infectious diseases including 
rickettsial diseases, West Nile virus, Rift Valley fever, dengue fever, chikungunya, 
and infl uenza A (H1N1) have been recognized [ 44 ]. These conditions tend to cause 
uveitis or retinitis as their primary ocular lesion. Although several of these uncom-
mon infections are more frequently found in less developed countries, they are not 
restricted to these areas; West Nile virus and several rickettsioses are endemic in 
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large areas of North America, and the H1N1 strain was the most common cause of 
infl uenza worldwide in 2009. The spread of such conditions is facilitated by the 
relative ease of travel in the modern world. Still other less common viruses (herpes 
virus 6 [HHV-6], parechovirus, and parvovirus B19) may be implicated in the 
development of uveitis [ 44 ]. One result of the 2015 Ebola virus epidemic in Africa 
was the recognition of uveitis that can occur during the convalescent phase of this 
illness; Marburg virus, a related pathogen, can also cause uveitis [ 45 ]. Infections 
such as this do not cause signifi cant ocular morbidity on a population basis, but the 
possibility of their involvement should be considered as part of the differential diag-
nosis for retinitis or uveitis in endemic areas. The presence of these ocular patho-
gens highlights the ever evolving clinical spectrum of ocular infectious disease. 
While the complication of uveitis among Ebola survivors is minor in view of the 
fact that the disease kills half its victims, it illustrates that a variety of infectious 
diseases may have known or unsuspected ocular involvement and, more impor-
tantly, that diseases that yesterday were confi ned to a limited corner of the globe 
can, quite suddenly, threaten other parts of the world. Today, we are confronted with 
the Zika virus. While only conjunctivitis had been previously reported as an oph-
thalmological fi nding in adults with this disorder, experience with the 2015–2016 
outbreak in Brazil indicates that infants of infected mothers can show retinopathic 
changes and optic nerve abnormalities [ 46 ,  47 ]. The potential for the occurrence 
and spread of such perilous infections underscores the need for worldwide efforts to 
remain vigilant for them.  

    Infections Relevant Worldwide 

 The major ocular infections prevalent in more developed countries can and do occur 
in less economically developed regions of the world primarily in the context of 
medical care that is provided in some larger urban hospitals. However, for much of 
the population in these societies, the cost of care, as well as residence in a rural area 
far from a major city, means less access to medical treatment. Under these condi-
tions, there is less possibility of infection due to a complication of surgical therapy. 
Obviously, patients who do not have the opportunity for treatment of their cataract, 
glaucoma, and retinal diseases will sustain visual loss in greater numbers than their 
counterparts who have access to ophthalmic care in clinics and hospitals, but they 
will have fewer infections resulting from surgery. Ocular infection identifi ed as sec-
ondary to other primary disease processes, as is seen with orbital cellulitis or endog-
enous endophthalmitis, is also less likely. 

 Ocular surface infections are reported in both developed and less developed 
regions, although the pathogens involved and the mechanisms of infection vary by 
environment. In general, pathogens that fl ourish in warm climates, in environments 
with inadequate public sanitation or water supplies, or in association with the ready 
availability of arthropod vector species are more common in tropical and subtropi-
cal areas and less common in regions such as North America or Western Europe. 
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 The incidence of  Acanthamoeba  keratitis presents a curious example, however. 
Although the causative organisms survive more readily in a tropical or subtropical 
environment, the overall number of individuals with  Acanthamoeba  keratitis in a 
given population is strongly infl uenced by the rate of contact lens use [ 11 ,  12 ]. 
Hence rates of  Acanthamoeba  keratitis are relatively high in more developed coun-
tries where contact lens use is more common, although rates of infection tend to 
increase during the warm months of the year [ 11 ]. 

 Contact lenses are commonly used to correct refractive error in more developed 
countries. If worn through the night or improperly cleaned, these devices can be 
associated with degradation of corneal barrier functions and keratitis due to infec-
tion with bacteria, fungi, or  Acanthamoeba . Lapses in sterile manufacturing meth-
ods for contact lens cleaning solutions have led to outbreaks of infectious keratitis; 
fungal organisms such as  Fusarium  have been implicated [ 11 – 14 ,  21 ]. If contact 
lens wear were to become more common among the poorer populations of the 
world, incidence of the same problems might soar, particularly if the availability 
increased without an accompanying provision for education in proper use. 

 Epidemic keratoconjunctivitis caused by adenovirus infection appears as out-
breaks where children or the elderly congregate and share items that can carry 
infected ocular secretions [ 48 ]. Thus schools, day care centers, and assisted living 
facilities may be involved. Although self-limited, this condition can lead to consid-
erable morbidity through absence from school and disruption in the daily care and 
comfort of the elderly. 

  Herpes simplex  infection is ubiquitous throughout the world, with seropreva-
lence in the adult population of over 50 % in the USA and over 75 % in Germany. 
Herpes simplex keratitis (HSK) may present as an acute or recrudescent infection in 
any country and affects about 30 people per 100,000 in North America and Western 
Europe. Ocular morbidity arises from ulceration during primary herpetic infection, 
corneal scarring associated with recrudescent infection, and the development of sec-
ondary infection with other organisms that include bacterial pathogens. In more 
developed countries, HSK is treated with antiviral medications, steroids, and cor-
rective corneal surgery [ 43 ]. 

 Infectious scleritis can develop as a complication of ophthalmic surgical proce-
dures such as pterygium excision, vitrectomy, or scleral buckle procedures. Bacteria 
(such as  Pseudomonas ,  Staphylococcus , and  Streptococcus ) and fungi such as 
 Fusarium  are common pathogens [ 49 ]. Orbital cellulitis in patients with a history of 
paranasal sinusitis or orbital trauma has most often been reported in more economi-
cally developed areas where medical imaging studies are commonly done, but occur-
rence in some less developed countries has been described [ 50 – 53 ]. Orbital cellulitis 
is often caused by  Staphylococcus ,  Streptococcus , or  Haemophilus ; fungal organ-
isms are occasionally involved. Such infections can lead to visual loss and there is 
the potential for life-threatening extension through the cavernous sinus to the brain. 
Early treatment with systemic antibiotics is often needed and surgical correction of 
abscesses within the orbit, skull base, or brain may be required. The potential for 
increased visual and neurological morbidity and the use of costly therapeutic modal-
ities in these cases can be a signifi cant burden in less developed areas [ 52 ,  53 ]. 
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 In economically developed countries, immune suppression with resulting opportu-
nistic infection of the eye due to HIV infection is less common in the current era of 
highly active antiretroviral therapy (HAART). However, cases may still present to the 
ophthalmology clinic in endemic communities of North America and Western Europe. 
These patients have an increased risk for secondary ocular infection with cytomega-
lovirus, toxoplasmosis, or syphilis, and either the HIV organism itself or antiretroviral 
therapy may cause retinal changes that lead to visual impairment [ 54 ]. In less devel-
oped regions where treatment of HIV infection with HAART may not be available, 
this type of immune suppression can lead to an increased prevalence of ocular infec-
tious disease [ 55 ]. In recent years it has been recognized that HIV infection can be a 
predisposing factor in the development of ocular surface squamous neoplasia (OSSN) 
[ 54 – 56 ]. The presence of HIV infection may facilitate ocular surface infection with 
human papillomavirus (HPV) and may thus contribute to the number of patients with 
OSSN in parts of Africa that have a relatively high prevalence of HIV infection [ 56 ].  

    Conclusion 

 Whether a condition that arises in a relatively small number of susceptible patients, 
a preventable complication of contact lens use or of ophthalmic surgical procedures 
in more developed countries, or a source of large-scale visual loss on a population 
basis that leads to signifi cant economic burden in a less developed region of the 
world, the consideration and exclusion of infection is a key part of clinical assess-
ment and therapeutic decision-making in ophthalmology. Pathogenic organisms can 
nearly always be classifi ed with modern laboratory methods, providing an opportu-
nity for rational therapy. This can lead to recovery of some or all of a patient’s vision 
if the pathogen is identifi ed early in the course of the disease. There are few more 
effective exercises in medicine where clinical acumen can be used to formulate a 
treatment plan that will cure or signifi cantly ameliorate a disease, with substantial 
benefi t to the patient. Increased awareness and caregiver response to infections that 
affect the eye will benefi t the world population and support its progress.     
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    Chapter 2   
 Pathogenic Properties of Infectious 
Organisms and Tissue Reactions                     

     Nora     V.     Laver       and     Charles     S.     Specht     

          Introduction 

 Despite historical dramatic progress in their prevention and treatment, infectious 
diseases remain a major cause of morbidity and mortality for millions of people 
around the globe. Infections must be considered in the etiologic differential diagno-
sis of symptoms affecting any ocular tissue. The major types of infectious agents 
that cause disease, with examples of specifi c microbes causing ocular infection, are 
described in this chapter. A discussion on the human immune system and host 
defense mechanisms will allow the reader to better understand the different types of 
infl ammation and the cells involved in the process. 

 Infection involves complicated interactions between microbes and hosts, and in 
most cases, a pathogenic process consisting of several steps is required for an infec-
tion to develop. A competent host has a complex array of physical and immunologi-
cal defenses to prevent infection, and invading pathogens adapt mechanisms to 
overcome these progressive impediments. The various modes of invasion among 
bacteria, viruses, fungi, and parasites share some similarities but in detail are unique 
for each class of organism. 
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 Understanding how these agents infect the host and cause damage to tissue, and 
the host responses to specifi c infections, is the key to better diagnosis and treatment 
of ocular infections.  

    Classifi cation of Infectious Organisms 

 Ocular infections can be classifi ed by their most common clinical presentation 
(such as endogenous endophthalmitis), by microbiological characteristics 
(Table  2.1 ), or by epidemiologic characteristics (means of transmission and reser-
voir of the organism, e.g., food-borne infections) [ 1 ]. There are a wide range of 
infectious agents that vary in size from 27-kD nucleic acid-free prions to the 20-nm 
poliovirus to 10-m tapeworms [ 2 ]. They can be classifi ed within fi ve major catego-
ries: bacteria, viruses, fungi, parasites, and prions (Table  2.1 ).

    Bacteria  are characterized by a peptidoglycan-rich cell membrane and the lack 
of a membrane-bound nucleus. There are two forms of cell wall structures: a thick 
wall surrounding the cell membrane that retains crystal violet stain (gram-positive 
bacteria) or a thin cell wall sandwiched between two phospholipid bilayer mem-
branes (gram-negative bacteria). Bacteria are classifi ed by gram staining (positive 
or negative), shape (cocci or bacilli), and need for oxygen (aerobic or anaerobic) 

       Table 2.1    Microbiological classifi cation of infectious organisms   

 Classifi cation  Organism  Examples 

 Bacterial   Gram positive  
 Cocci   Staphylococcus aureus  

  Staphylococcus epidermidis  
  Streptococcus pneumoniae  
  Streptococcus pyogenes  

 Bacilli   Propionibacterium acnes  
  Corynebacterium diphtheria  
  Clostridium perfringens  
  Clostridium septicum  

  Gram negative  
 Coccobacilli   Moraxella lacunata  

  Neisseria gonorrhoeae  
 Bacilli   Haemophilus infl uenza  

  Pseudomonas aeruginosa  
  Chlamydia trachomatis  
  Bartonella henselae  

  Mycobacteria    Mycobacterium tuberculosis  
  Mycobacterium leprae  
  Mycobacterium bovis  
  Mycobacterium avium  
  Mycobacterium intracellulare  

  Spirochetes    Treponema pallidum  
  Borrelia burgdorferi  

N.V. Laver and C.S. Specht



15

Table 2.1 (continued)

 Classifi cation  Organism  Examples 

 Viral   DNA viruses  
 Enveloped  Poxviruses (vaccinia, molluscum contagiosum) 

 Herpesviruses 
   Herpes simplex 
   Varicella zoster 
   Epstein-Barr virus 
   Cytomegalovirus 

 Nonenveloped  Adenovirus 
 Papillomavirus 

  RNA viruses  
 Enveloped  Infl uenza A and B 

 Paramyxoviruses (measles, mumps) 
 Rubella 

 Nonenveloped  Picornavirus (echovirus, enterovirus, coxsackievirus, 
poliovirus) 

 Fungal  Yeast   Candida  spp. 
  Cryptococcus neoformans  

 Mold   Aspergillus  spp. 
  Penicillium  spp. 
  Cephalosporium  spp. 
  Fusarium  spp. 
  Mucoraceae  spp. 

 Dimorph   Blastomyces dermatitis  
  Coccidioides immitis  
  Histoplasma capsulatum  
  Sporothrix schenckii  

 Other  Microsporidia 
 Parasitic  Protozoa   Acanthamoeba  spp. ( polyphaga ,  castellanii ) 

  Leishmania donovani  
  Toxoplasma gondii  

 Nematodes   Onchocerca volvulus  
  Loa loa  

 Helminths   Toxocara canis  
  Wuchereria bancrofti  

 Prion  Prion protein  Creutzfeldt-Jakob disease 

(Table  2.1 ). Most bacteria synthesize their own DNA, RNA, and proteins, but they 
depend on the host for favorable growth conditions [ 3 ]. 

 Bacteria can cause endophthalmitis post cataract surgery [ 4 ]; this is almost 
always due to gram-positive cocci (Fig.  2.1 ). Coagulase-negative staphylococci are 
a major pathogen, causing up to 70 % of culture-positive cases.  Staphylococcus 
aureus  (10 %), streptococci (9 %), and other gram-positive cocci and gram-negative 
bacilli account for the remaining cases.

    Viruses  are obligate intracellular organisms that depend on the host cell’s meta-
bolic machinery for their replication. They consist of a nucleic acid genome 
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a b

  Fig. 2.1    ( a ) Vitrectomy cellblock preparation of a 58-year-old male with gram-positive bacterial 
endophthalmitis due to  Staphylococcus aureus  and retained lens fragments. A  circle  highlights the 
infl ammatory cells present (H&E, ×40). ( b ) Gram-positive bacteria (gram stain, ×40,  arrow  points 
to gram-positive cocci)       

a b

  Fig. 2.2    ( a ) Recurrent herpes simplex keratitis infection in a 45-year-old female. Multiple corneal 
dendritic ulcers are present following a primary infection. ( b ) Corneal scrape cytology specimen 
showing herpes virus intranuclear inclusions ( arrows ) in infected cells (PAS stain, ×40)       

 surrounded by a protein coat or capsid that is sometimes encased in a lipid mem-
brane. They are classifi ed by their nucleic acid genome (“DNA” or “RNA” viruses), 
the shape of the capsid (icosahedral or helical), the presence or absence of a lipid 
envelope, their mode of replication, the preferred cell type for replication, and the 
type of pathology. Acute retinal necrosis is a rapidly necrotizing retinitis caused by 
herpesviruses that mainly affects immunocompetent patients [ 5 ].  Herpes simplex  
virus (HSV) or  varicella zoster  virus (VZV) is the culprit in nearly all cases 
(Table  2.1 ). This infection causes major destruction of retinal tissue with dramatic 
damage to vision. About 15 % of people with chronic ocular herpes simplex lose 
some vision (Fig.  2.2 ).

    Fungi  possess thick chitin-containing cell walls and ergosterol-containing cell 
membranes. Fungi can grow either as rounded yeast cells or as slender fi lamentous 
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hyphae. Hyphae may be septate (with cell walls separating individual cells) or asep-
tate. Some pathogenic fungi show thermal dimorphism, that is, they grow as hyphal 
forms at room temperature but as yeast forms at body temperature (Table  2.1 ). 

 Fungi may cause superfi cial or deep infections. Superfi cial infections involve the 
skin, hair, and nails [ 6 ]. Certain fungal species invade the subcutaneous tissue, caus-
ing abscesses or granulomas (an example is sporotrichosis). Deep fungal infections 
can spread systemically and invade vital organs in immunocompromised hosts, but 
usually heal or remain latent in immunocompetent individuals. 

 Some deep fungal species are limited to a particular geographic region (such as 
 Coccidioides  in the Southwestern United States and  Histoplasma  in the Ohio River 
Valley). By contrast, opportunistic fungi (such as  Candida ,  Aspergillus ,  Mucor , and 
 Cryptococcus ) are ubiquitous organisms that either colonize individuals or are encoun-
tered from environmental sources (Fig.  2.3 ). In immunodefi cient individuals, opportu-
nistic fungi give rise to life-threatening infections characterized by tissue necrosis, 
hemorrhage, and vascular occlusion, with little or no infl ammatory response [ 7 ].

    Parasitic  infections are caused by unicellular protozoa or multicellular helminths 
(worms) [ 8 ]. Various types of parasitic protozoa replicate extracellularly (such as 
 Acanthamoeba  spp.) or within the cells of a tissue (such as  Toxoplasma gondii ). For 
example,  Acanthamoeba  spp. are ubiquitous as free-living organisms in the envi-
ronment, but favor warm wet conditions; ocular infection most often arises as kera-
titis associated with contact lens use [ 9 ] (Fig.   2.4  ). Ingestion of  Toxoplasma gondii  
may occur either during contact with oocyst-shedding kittens or by eating cyst- 
ridden, undercooked meat. These intracellular parasites can thus gain access to 
internal organs and the bloodstream; infection of the eye can develop as endogenous 
endophthalmitis [ 10 ].

   Parasitic worms, or helminths, are highly differentiated multicellular organisms. 
Helminths at adult or larval stages may involve human ocular tissues by infection of 
external structures (such as eyelids, conjunctival sacs, subconjunctival tissue, or 
lacrimal glands) (Fig.   2.5  ) or through intraocular infection that can involve the ante-
rior segment structures or more posterior tissues (vitreous, retina, and optic nerve). 
Several parasitic helminths show tropism for the eyes and related tissues as they 
migrate through the host body during their immature stages. This is the case of 
ascarids (such as  Toxocara canis ) and strongyloids (such as  Angiostrongylus canto-
nensis ) which cause ocular larva migrans, and the larvae of  Trichinella spiralis  that 
can infect extraocular muscles. Human ocular infestations by zoonotic helminths 
may also be caused by the parasitic adult stages as in the case of  Thelazia  (eye worm 
infestation) and fi larioid species including those belonging to the genera  Dirofi laria  
and  Onchocerca  [ 11 ].

    Prions  are composed of an abnormal form of a host protein known as prion pro-
tein (PrP) that is normally found in neurons [ 12 ]. Diseases occur when the PrP 
undergoes a conformational change that promotes conversion of normal PrP to the 
abnormal form. Accumulation of abnormal PrP intracellularly leads to neuronal 
damage and spongiform pathologic changes in the brain. The most common cause 
of prion disease is Creutzfeldt-Jakob disease (CJD). CJD can affect the retina and 
cause changes in the electroretinogram [ 13 ].  
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a

b

c

  Fig. 2.3    ( a ) Corneal fungal infection and with subsequent endophthalmitis due to  Candida parap-
silosis  in an 89-year-old male post cataract surgery ( arrow ). ( b )  Candida parapsilosis  keratitis 
present in the deep corneal stroma ( arrow ), at the level of Descemet’s membrane, the endothelial 
layer, and the anterior chamber (H&E, ×10). ( c )  Candida parapsilosis  ( arrow ) keratitis present at 
the level of Descemet’s membrane (GMS stain, ×10)       
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a

b

c

  Fig. 2.4    ( a ) Corneal  Acanthamoeba polyphaga  infection in a 30-year-old female contact lens user. 
( b ) Corneal stroma showing amebic cysts ( arrow ) and almost no infl ammation present (PAS stain, 
×40). ( c ) Amebic cysts ( arrow ) seen with GMS stain (GMS, ×40)       
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b

  Fig. 2.5    ( a ) Right upper eyelid undulating worm being removed via a lid crease incision in a 
27-year-old female from Cameroon. ( b ) Transverse section through an adult nongravid female  Loa 
loa . There are a cuticle ( CU ), muscle ( MS ), lateral chords ( LC ), intestine ( IN ), and reproductive 
tubes ( RT ) (Movat stain, ×50)       

    The Immune System and Host Defense Against Infections 

 We live in a world teaming with pathogenic organisms that can potentially do great 
harm if allowed to infect the body unchecked. The human immune system is com-
posed of a diverse array of cells that protect the individual from infectious organ-
isms. Cells of the immune system include lymphocytes, mononuclear phagocytes, 
macrophages, and dendritic cells. There are two distinct but interrelated systems 
that play a role in the recognition of pathogens and foreign molecules: a highly 
specifi c one (adaptive immunity) and a more general immune response (innate 
immunity) [ 14 ]. 
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 There is overwhelming evidence that clonal expansion of antigen-specifi c 
T-lymphocytes (T-cells) and B-lymphocytes (B-cells) is necessary for the gen-
eration of an effi cient, long-lasting immune response custom-tailored to each 
invading organism. This antigen-specifi c response is known as  adaptive immu-
nity . Although the adaptive immune response can effectively eliminate most 
pathogens, it takes at least 5–7 days for appropriate lymphocyte clones to be 
selected and then to expand and differentiate into effector cells. In contrast, the 
average bacterial generation time is in the order of 20 min. Scientists therefore 
reasoned that there must be another form of immunity ( innate immunity ) that is 
responsible for controlling the proliferation of invading pathogens until an effi -
cient lymphocyte response can be generated. Since invertebrates such as jellyfi sh 
and fruit fl ies lack adaptive immune responses and rely only on innate immunity 
to survive in the environment, this innate response is highly conserved through 
evolution. Pattern recognition receptors (such as toll-like receptors) that are con-
stitutively expressed on endothelial cells and on leukocytes such as dendritic 
cells, macrophages, granulocytes, and natural killer (NK) cells are involved in 
the innate immune response. 

 During an infection, the innate immune response plays a major role in estab-
lishing acute infl ammation as a response to various bacteria and viruses [ 15 ,  16 ]. 
As an example, this system detects lipopolysaccharide, a molecule found in gram-
negative bacteria. Even very small amounts of lipopolysaccharide are recognized 
by lipopolysaccharide- binding protein (CD14) and toll-like receptor 4, proteins 
that serve as pattern recognition receptors on leukocytes. When gram-negative 
bacteria breach a mucosal barrier, the presence of lipopolysaccharide prompts 
macrophages to produce cytokines (such as TNF-α, IL-1, IL-23, and others) to 
attract and activate infl ammatory cells and enzymes that enhance the clearance of 
microbes (Table  2.2 ).

   The cells that regulate and carry out most of the major effector functions of the 
adaptive immune response are lymphocytes (T-cells and B-cells) [ 17 ]. Lymphocytes 
provide the specifi city of this response through antigen-specifi c surface receptors; 
after clearing the pathogen, the cells develop a long-term “memory” of the exposure 
that can be quickly mobilized upon reexposure. Cellular immunity, comprising 
T-cells, macrophages, and natural killer cells, primarily recognize and combat 
pathogens that proliferate intracellularly, including most viruses and bacteria. 
T-cells are activated by macrophages and B-cells, which present foreign antigens to 
the T-cell receptor. Activated T-cells have several ways to fi ght infection. Cytotoxic 
T-cells may directly attack and lyse host cells that express foreign antigens. Helper 
T-cells stimulate the proliferation of B-cells and the production of immunoglobu-
lins. Antigen-presenting cells and T-cells communicate with each other by signaling 
with an array of cytokines and thus coordinate the immune system to respond in a 
specifi c fashion. T-cells elaborate cytokines that directly inhibit the growth of patho-
gens or stimulate killing by host macrophages and cytotoxic cells. The immune 
system has also developed cells that downregulate immune responses. An example 
of this is the Treg cells, a subgroup of CD4 + T-cells that prevent autoimmune 
responses by other T-cells.  
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    Mechanisms of Microbial Pathogenesis 

 Pathogens cause infections through different processes that can be classifi ed into 
several stages: microbial encounter with and entry into the host, microbial growth 
after entry, avoidance of innate host defenses, tissue invasion and tropism, tissue 
damage, and transmission to new hosts [ 18 – 20 ]. 

    Microbial Entry Sites 

 The most common sites of microbial entry are mucosal surfaces and the skin. Other 
portals of entry include sites of injury (cuts, bites, burns, trauma) along with injec-
tion via natural (i.e., vector-borne) or artifi cial (i.e., needlestick) routes. As a muco-
sal surface, the conjunctiva can serve as an entry point for pathogens into the eye. 
During entry into the host, microbes rely on specifi c factors that are needed for 
persistence and growth in a tissue. For example, protozoan parasites such as 
 Plasmodium  undergo morphogenic changes that permit transmission to mammalian 
hosts during insect feeding for blood meals. Plasmodia are injected as infective 
sporozoites from the salivary glands of mosquitos as they feed.  

    Microbial Adherence and Host Receptors 

 Once in a host, most microbes must anchor themselves to a tissue or tissue factor; 
the exceptions are organisms that enter the bloodstream directly and multiply there 
(an example is bacterial sepsis). Specifi c ligands or adhesins for host receptors 

   Table 2.2    Comparison between innate and adaptive immunity   

 Innate  Adaptive 

 Cells expressing receptors  Macrophages, granulocytes, 
NK cells, dendritic cells 

 T-cells, B-cells 

 Type of receptor  Toll-like, NOD, collectin  T-cell receptor, 
immunoglobulin 

 Receptors conserved through 
evolution 

 Yes  No 

 Receptor specifi city  Identical for each pathogen  Unique for each pathogen 
 Percentage of cells expressing 
a given receptor 

 100 %  0.0001 % 

 Amount of time before 
effector cells respond to 
pathogen 

 Immediate  Days 

 Receptors encoded in germline 
DNA 

 Yes  No 
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comprise a wide range of surface structures that anchor the microbe to a tissue and 
promote cellular entry. Many of these proteins also elicit host responses critical to 
the pathogenic process. Microbes generally produce multiple adhesins that are spe-
cifi c for multiple host receptors. These adhesins are often redundant, serologically 
variable and capable of synergy with other microbial factors to promote microbial 
sticking to host tissues (Table  2.3 ) [ 20 ,  21 ]. Some microbes also absorb host pro-
teins into their surface and utilize natural host protein receptor for microbial binding 
and entry into target cells.

   All viral pathogens must bind to host cells, enter them, and replicate within them. 
Viral coat proteins serve as ligands for cellular entry. For example, the gB and gC 
proteins on herpes simplex virus bind to heparan sulfate (Table  2.3 ); this adherence 
is not essential for entry but rather serves to concentrate virions close to the cell 
surface. This is followed by attachment to cells mediated by the viral gD protein. 
Herpes simplex virus can use a number of cell receptors for entry including the 
herpesvirus entry mediator, members of the immunoglobulin superfamily, nectin-1 
and nectin-2, and modifi ed heparan sulfate [ 18 ,  22 ]. 

 Gram-negative and gram-positive bacteria commonly attach to host cells and 
tissues using surface structures called pili.  E. coli  mediate adherence to specifi c 
target surfaces with mannose-binding type 1 containing pili that bind to integral 
membrane glycoproteins. Specifi c streptococcal proteins bind to human extracel-
lular matrix proteins such as fi brin, fi bronectin, fi brinogen, laminin, and colla-
gen. Fibronectin appears to be a commonly used receptor for various pathogens 
[ 18 ,  19 ,  21 ]. 

    Table 2.3    Examples of microbial ligand-receptor interaction   

 Microorganism 
 Type of microbial 
ligand  Host receptor 

  Viral pathogens  
 Herpes simplex virus  Glycoprotein C  Heparan sulfate 
 Coxsackievirus  Viral coat proteins  CAR and major histocompatibility class I 

antigens 
  Bacterial pathogens  
  Escherichia coli   Pili  Ceramides/mannose and digalactosyl 

residues 
  Streptococcus pyogenes   Hyaluronic acid 

capsule 
 CD44 

  Mycobacterium 
tuberculosis  

 Absorbed C3bi  CR3; DC-SIGN 

  Fungal pathogens  
 Blastomyces dermatitidis  WI-1  Possibly matrix proteins and integrins 
  Candida albicans   Int1p  Extracellular matrix proteins 
  Protozoal pathogens  
 Leishmania  Gp63 glycoprotein  Fibronectin and complement receptors on 

macrophages 

  Modifi ed from Pier [ 18 ]  
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 Fungal adhesins mediate the colonization of epithelial surfaces. The product of 
the  Candida albicans  INT1 gene bears similarity to mammalian integrins that bind 
to extracellular matrix proteins. These adhesins are expressed under stress and are 
crucial for pathogenesis of fungal infections. Parasites use complicated surface gly-
coproteins as adhesins, some of which are lectins. Leishmanial promastigotes use a 
major surface glycoprotein, gp63, to enter human macrophages. This glycoprotein 
promotes complement binding, which allows the parasite to use complement recep-
tors for entry into macrophages [ 18 ].  

    Microbial Growth and Avoidance of Innate Host Defenses 

 Pathogenic microbes establish themselves and proliferate once on a mucosal or 
skin site before causing symptomatic infection [ 18 ,  23 ]. Viruses proliferate in 
several ways. The nucleic acids from these organisms may be directly translated 
into viral proteins (positive-strand RNA viruses), transcribed from a negative 
strand of RNA into complementary mRNA (negative-strand RNA viruses) or 
transcribed into a complementary strand of DNA (retroviruses). In the case of 
DNA viruses, the viral DNA is transcribed directly into mRNA, either within the 
nucleus or cytoplasm of a host cell. Bacteria in comparison must acquire specifi c 
nutrients or synthesize them from precursors in host tissues in order to 
proliferate. 

 Host tissues have a variety of innate defense mechanisms to eliminate microbes. 
The skin is acidic and is bathed in fatty acids that are toxic to many microbes. 
Mucosal surfaces are covered by a thick mucus layer that entraps microbes and 
facilitates their elimination. Pathogens have to survive host endocytic, phagocytic, 
and infl ammatory responses and host genetic factors that determine the degree to 
which a pathogen can survive and grow [ 23 ].  

    Tissue Damage and Disease 

 Pathogenic microbes establish infection and damage tissues by three mechanisms: 
(1) through contact or entry into host cells to directly cause cell death; (2) through 
release of toxins that kill cells at a distance, release of enzymes that degrade tissue 
components, or direct damage to blood vessels with resulting ischemic necrosis; or 
(3) through elicitation of a host immune response that, though directed against the 
invader, causes additional tissue damage [ 19 ,  20 ]. 

 Bacterial infection with injury to the host depends on the ability to adhere to 
host cells, invade host cells or tissue, and deliver toxins. Pathogenic bacteria have 
virulence genes that encode proteins for these properties. Bacterial toxins are 
classifi ed as endotoxins (components of the bacteria cell) and exotoxins (proteins 
secreted by bacteria). Bacterial endotoxin is a lipopolysaccharide (LPS) that is a 
large component of the outer membrane of gram-negative bacteria. The response 
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to bacterial lipopolysaccharide can be both benefi cial and harmful to the host. 
Small amounts of LPS can act as an early trigger for the helpful activation of 
cytokines and chemokines of the innate immune system. At higher concentra-
tions, however, LPS can induce excessive levels of immune cytokines. This can 
result in septic shock and disseminated intravascular coagulation. Exotoxins are 
secreted proteins that cause cellular injury and disease. Staphylococci, strepto-
cocci, and  P. aeruginosa  produce various toxins that cause disease; these include 
toxic shock syndrome toxin 1and erythrogenic toxic exotoxins AST and U. Several 
bacterial exotoxins have adenosine diphosphate (ADP)-ribosyltransferase activity 
that enables the inactivation of specifi c cellular proteins. Loss or inactivation of 
this virulence system greatly reduces the capacity of a bacterial pathogen to cause 
disease [ 3 ]. 

 Plasmids and bacteriophages are mobile genetic elements that spread between 
bacteria and can encode tissue-damaging toxins or enzymes that facilitate antibiotic 
resistance. Communities of bacteria can form biofi lms, a viscous layer of extracel-
lular polysaccharide that adheres to host tissues or devices and in which organisms 
can survive. 

 When pathogens invade host tissues, they must avoid major host defenses that 
are mediated by complement opsonins, molecules that are deposited onto bacte-
rial cell complement, and phagocytic cells. Bacteria avoid these defenses through 
their cell-surface polysaccharides. These molecules can prevent the activation and 
deposition of surface opsonins (opsonization) that enhances phagocytosis by 
macrophages, or they can limit the access of phagocytic cells to the opsonized 
bacteria. 

 Viruses can damage host cells directly by entering them and replicating at the 
host’s expense. Viruses possess specifi c cell-surface proteins that bind to host 
cell- surface proteins. Once inside host cells, viruses can damage or kill the cells 
by direct cytopathic effects, by antiviral immune responses, or by transforming 
the infected cells into benign or malignant tumors (oncogenic viruses) [ 3 ,  22 ]. 
Some viruses kill cells by preventing synthesis of host macromolecules like 
host cell DNA, RNA, or proteins. Viral proteins on the surface of the host cells 
may be antigenic, and the immune response can lead to tissue injury. Different 
oncogenic viruses can stimulate cell growth and survival by a variety of mecha-
nisms (insertional mutagenesis, anti-apoptosis, virus-encoded oncogenes, and 
others).   

    Types of Infl ammation 

 Infl ammation is divided into acute and chronic patterns (Table  2.4 ) [ 24 ]. Acute 
infl ammation is rapid in onset (seconds or minutes) and is of relatively short dura-
tion, lasting for minutes, several hours, or a few days; its main characteristics are the 
exudation of fl uid and plasma proteins (edema) and the emigration of leukocytes, 
predominantly neutrophils. It is related to histamine release from mast cells and 
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factors released from plasma (kinins, plasmin, complement, and clotting systems). 
Chronic infl ammation is of longer duration and is associated histologically with 
infi ltrates of lymphocytes and macrophages, proliferation of blood vessels, fi brosis, 
and tissue necrosis. Many factors modify the course and morphologic appearance of 
both acute and chronic infl ammation.

      Acute Infl ammation 

 Following tissue injury, leukocytes travel through the bloodstream and traffi c to 
the site of the lesion to participate in acute infl ammation [ 25 ,  26 ]. This process is 
particularly amazing when one considers that leukocytes are born in the bone 
marrow and are able to navigate through thousands of miles of blood vessels to 
localize specifi cally at a site that may be only a few millimeters in size. A complex 
leukocyte navigation system has developed through evolution. In order for a leu-
kocyte to traffi c to damaged tissue, it must fi rst travel through the bloodstream to 
the blood vessels supplying the damaged tissue, bind to the endothelium, and 
cross three physical barriers: (a) the endothelial cells, (b) the endothelial base-
ment membrane, and (c) the pericytes or smooth muscle surrounding the vessel 
[ 26 ]. Leukocyte traffi cking to a site of acute infl ammation involves a number of 
discrete steps that must occur in a specifi c sequence. If any one of the steps is 
interrupted, leukocytes are inhibited from traffi cking to a tissue. Interestingly, 
each step in this sequence involves specifi c adhesion molecules or mediators. 
Leukocytes that traffi c to damaged tissue following injury include granulocytes 
(neutrophils, eosinophils, and basophils), monocytes (macrophages), and lym-
phocytes. Mast cells are resident leukocytes that are present in tissues prior to the 
onset of infl ammation. In addition to leukocytes, blood platelets also participate 
in acute infl ammation. 

   Table 2.4    Differences between acute and chronic infl ammation   

 Acute infl ammation  Chronic infl ammation 

 Clinical onset  Rapid (hours to days)  Slow (days, weeks, or longer) 
 Clinical course  Usually resolves within days or 

weeks with complete healing 
 Lasts longer; can persist or 
progress 

 Histological onset  Rapid (minutes to hours)  Slow (days, weeks) 
 Characteristic 
histology 

 Tissue necrosis 
 Vascular changes 
 Fluid and cell exudation 
 Neutrophil infi ltration followed by 
macrophages 

 Lymphocytes, plasma cells, and 
macrophages 
 Granulomata may form 
 Can be simultaneous with repair 
and regeneration 

 Typical etiologies  Gram-positive and gram-negative 
bacteria 

 Fungi, mycobacteria, parasites 

 Immune response  Innate  Adaptive 
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  Neutrophils  are the fi rst leukocytes to arrive at a site of acute infl ammation, as 
early as minutes following an injury [ 25 ,  27 ,  28 ]. Like all leukocytes, neutrophils 
arise from a common stem cell precursor in the bone marrow. There are two distinct 
pools of neutrophils of approximately equal size in the blood. The circulating pool 
consists of cells in the laminar blood fl ow; these neutrophils are not in contact with 
the vessel wall. Cells in this pool circulate widely and rapidly and have a half-life of 
4–6 h. In contrast, cells in the marginated pool adhere loosely to the endothelial 
surfaces of vascular lumens through interactions with adhesion molecules called 
selectins. Cells in the marginated pool roll along the surface of the blood vessel 
looking for damaged areas of the endothelial surface or injured tissue. 

 Neutrophils can move rapidly from the circulating pool to the marginated pool 
and vice versa in response to various stimuli. When neutrophils roll into an area of 
tissue damage, they are activated by interaction with soluble mediators known as 
chemokines and enter the tissue to participate in the infl ammatory process (Fig.  2.6 ) 
[ 29 ]. Neutrophils are one-way cells (like all granulocytes); they migrate from the 
bone marrow to the blood and then to tissue for the remainder of their life span. These 
cells can survive in tissue for up to 2 days, after which they undergo apoptosis.

   By electron microscopy, neutrophils contain two distinct subsets of cytoplasmic 
granules: primary granules and secondary granules. Myeloperoxidase and lyso-
zyme, as well as a number of proteases and acid hydrolases, are found in the pri-
mary granules. Major constituents of the secondary granules include lysozyme, 
lactoferrin, and collagenase. 

 A major function of neutrophils is to eliminate invading bacteria. When a neutro-
phil encounters a bacterium that has been coated (opsonized) with fi bronectin, anti-
body, or complement C3b, the organism is engulfed by an invagination of the 
cytoplasmic membrane called a phagosome; shortly thereafter, the phagosome fuses 
with a cytoplasmic granule, thus forming a phagolysosome and initiating the process 
of bacterial killing. Bacteria may be killed using either oxygen-dependent (oxygen 
radical or myeloperoxidase-halide systems) or oxygen-independent mechanisms. 

a b

  Fig. 2.6    ( a ) Orbital tissue biopsy of a 65-year-old immunocompetent Chinese female. Acute 
infl ammation with tissue necrosis due to  Aspergillus fumigatus  orbital and sinus infection (H&E, 
×10). Acute infl ammation is highlighted in circles ( b ) GMS stain of Aspergillus spp. ( arrow ) 
(GMS stain, ×40)       
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  Eosinophils  are most commonly associated with diseases that are allergic 
(asthma) or immunologic in origin, but may be found in practically any leuko-
cyte infi ltrate. Most notably, eosinophils are abundant in diseases involving hel-
minth parasites and are recognized as potent parasite killers. During periods of 
increased demand (parasitic infestation) [ 30 ], the maturation time of eosinophils 
in the bone marrow is shortened, and increased numbers of these cells are 
released into the bloodstream. This causes the relative percentage of eosinophils 
in the blood to increase, sometimes reaching 30–40 % of the total number of 
leukocytes. On microscopic examination of normal mucosal tissues, it is not 
unusual to see eosinophils in the submucosa. Eosinophil granules contain many 
enzymes and bactericidal proteins; the most abundant component is called major 
basic protein. Major basic protein binds avidly with numerous molecules due to 
its strong positive charge; it is extremely toxic to parasites, as well as to cells of 
the host. 

  Mast cells  are derived from a common stem cell precursor in the bone marrow. 
Two distinct mast cell subsets have been identifi ed: mucosal mast cells (most 
numerous within the submucosa of the conjunctiva) and connective tissue mast cells 
(present in orbital infl ammatory lesions). Mast cells store preformed histamine, 
heparin, and various proteases within numerous intracytoplasmic granules and have 
many Fc receptors on their surfaces that avidly bind IgE. Patients with allergies 
typically have abundant IgE in their serum that is specifi c for a particular antigen, 
and this IgE can bind to the mast cell Fc receptors. Mast cells also have receptors 
for complement C5a. When antigen binds to IgE that is attached to the mast cell Fc 
receptors, or serum C5a binds to mast cell C5a receptors, a complex series of intra-
cellular signals results in fusion of the intracytoplasmic granules with the plasma 
membrane and subsequent release of granule contents. This causes vasodilation and 
edema in the tissue that contains the mast cells [ 31 ]. 

  Monocytes and macrophages  are derived from the same stem cell precursor in 
the bone marrow as granulocytes. Monocytes emerge from the bone marrow and 
circulate in the peripheral blood. When they move into tissues, they mature and are 
called macrophages. Under the infl uence of chemotactic stimuli, IFN-γ (interferon 
gamma), and bacterial endotoxins, resident tissue macrophages are activated and 
proliferate, while circulating monocytes are recruited and differentiate into tissue 
macrophages. The most important contribution these cells make to acute infl amma-
tion is to serve as a primary source of the pro-infl ammatory cytokines TNF-α and 
IL-1 [ 32 ]. Blood monocyte granules contain serine proteinases, and macrophages 
contain cysteine proteinases. The activity of these enzymes is central to the tissue 
destruction in chronic infl ammation. 

  Lymphocytes  undergo a complex maturation process after leaving the bone mar-
row. They are key cells in humoral and cell-mediated immune responses. There are 
multiple subtypes: B-cell, T-cell, cytotoxic natural killer (NK) cell, and null cell. 
Lymphocytes can contribute cytokines such as TNF-α and IL-17, which promote 
endothelial activation and leukocyte traffi cking at the site of acute infl ammation. 
B-cells produce immunoglobulins (Ig) that are present on the cell membrane (sur-
face Ig). Each individual B-cell manufactures only one type of Ig – IgA, IgG, IgM, 
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IgD, or IgE. IgM is produced the fi rst time that a B-cell has contact with an immu-
nogen; IgG is produced upon recall of an immunogen [ 24 ]. 

 During embryogenesis, T-cells pass through the thymus and are grouped into a 
special pool of lymphocytes. Approximately 70 % of lymphocytes in normal blood 
and lymph nodes are T-cells. T-cell receptors (TCR) that recognize specifi c antigens 
are present on the surface of T-cells, and nearly all T-cells are positive for surface 
CD3. Subsets of these CD3-positive T-lymphocytes, called regulatory cells, modu-
late the immune response by interacting with B-cells through lymphokine signaling 
to produce or suppress Ig production. CD4-positive T-cells are known as “helper 
cells”; these lymphocytes assist in antigen processing and work with macrophages 
to stimulate the immune response. CD8-positive T-cells are known as “suppressor 
cells” and can have a cytotoxic effect. 

  Plasma cells  are a specialized differentiation of the B-lymphocyte; these cells 
produce immunoglobulin that can accumulate within the cytoplasm (cytoplasmic 
Ig). Plasma cells develop when a stimulated B-lymphocyte produces a specifi c Ig 
response to a presenting antigen [ 24 ]. One important contribution to acute infl am-
mation is the production of antigen-specifi c IgE by plasma cells. IgE subsequently 
can bind to Fc receptors on the cell surface of mast cells, basophils, and 
eosinophils. 

  Dendritic cells  have many long cytoplasmic processes that aid in capturing anti-
genic material and then presenting it to lymphocytes. Those located in epithelia are 
known as Langerhans cells; those in lymphoid follicles are known as follicular den-
dritic cells. These cells have surface Fc and C3b receptors to facilitate the uptake of 
opsonized bacteria; they contain cytoplasmic myeloperoxidase and can produce 
oxygen free radicals to kill the engulfed pathogens [ 24 ]. As part of the innate 
immune system, they express pathogen recognition receptors (toll-like receptors, 
mannose receptors, NOD receptors, and others) on their plasma membranes. 
Dendritic cells also produce the pro-infl ammatory cytokines TNF-α and IL-1 after 
pathogen recognition and present antigen to T-cells.  

    Chronic Infl ammation 

 The most frequent cause of chronic infl ammation is infection [ 33 ]. The pathogens 
cause cell and tissue necrosis and engender infl ammatory, immune, and reparative 
responses. According to their type and localization, pathogens elicit different 
immune responses, and different immune mechanisms generate different forms of 
immunopathology. Chronic infl ammation is a long-lasting or permanent form of 
infl ammation in which an organ or tissue is infi ltrated by characteristic infl amma-
tory cells; this is frequently associated with elements of regeneration and repair 
such as fi broblasts and reactive vascular changes. 

 Chronic infl ammation can follow or be admixed with acute infl ammation or can 
arise de novo in a previously unaffected organ or tissue. Chronic infl ammation can 
begin insidiously, as a low-grade, smoldering, often asymptomatic response. 
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This type of chronic infl ammation is the cause of tissue damage in some of the most 
common and disabling human diseases, such as tuberculosis [ 24 ]. With few excep-
tions, chronic infl ammation indicates that an adaptive immune response (cellular or 
humoral) against foreign or self-antigens is present. In essence, chronic infl amma-
tion is the pathology –  immunopathology  – that results from an ongoing immune 
response. 

 In contrast to acute infl ammation, which is manifested by vascular changes, 
edema, and a predominantly neutrophilic infi ltrate, chronic infl ammation is charac-
terized by infi ltration with mononuclear cells (macrophages, lymphocytes, and 
plasma cells) and tissue destruction that is caused by the persistent offending agent 
or by the infl ammatory cells (Fig.  2.7 ). Tissue healing occurs by connective tissue 
replacement of damaged tissue, with proliferation of small blood vessels (angiogen-
esis) and fi brosis.

   Macrophages (also called histiocytes) are central to chronic infl ammation. They 
derive from blood monocytes, which, in turn, originate from myeloid stem cell pre-
cursors in the bone marrow. Monocyte extravasation into tissues is governed by a 
variety of adhesion molecules and tissue-specifi c chemokine/chemokine receptor 
pairs. Macrophages are normally widely distributed throughout the body, where 

a b

c d

  Fig. 2.7    ( a ) Chronic infl ammation composed of lymphocytes, macrophages, plasma cells, and 
eosinophils in orbital pseudotumor (H&E, ×40). ( b ) Higher magnifi cation of chronic infl ammation 
in orbital pseudotumor (H&E, ×60). ( c ) Chronic non-necrotizing granulomatous infl ammation in 
orbital sarcoidosis (H&E ×4). ( d ) Orbital sarcoid granuloma (H&E, ×20)       
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they constitute the mononuclear phagocyte system. They function as sentinel cells 
that monitor the presence of, and react to, foreign antigens. Kupffer cells in the liver 
and microglia in the brain are examples of the mononuclear phagocyte system. 

 Macrophages play a critical role in response to invading pathogens as well as in 
sterile infl ammation such as wound healing or removal of necrotic tissue. 
Macrophages become activated, which increases their metabolic activity, secretion, 
size, and motility, and are endowed with multiple functions [ 17 ]. To a lesser extent 
than dendritic cells, macrophages make use of pattern recognition receptors to sense 
invading pathogens, which results in activation and upregulation of MHC class II 
and costimulatory molecule expression. Macrophages are dedicated phagocytes that 
are capable of killing intracellular pathogens through oxygen-dependent and 
oxygen- independent mechanisms. 

 Macrophages and dendritic cells present antigenic peptides to T-cells, linking 
innate immunity with adaptive immunity. Th1-type (T helper cell type 1) T-cells 
then further activate macrophages by secreting interferon gamma (IFN-γ). Such 
pro-infl ammatory macrophages are termed M1 macrophages [ 34 ]. On occasion, 
excessive release of lysosomal enzymes or reactive oxygen species release from M1 
macrophages can exacerbate tissue destruction. In contrast, in the context of a Th2- 
type (T helper cell type 2) immune response such as that generated for helminth 
parasites, IL-4 and IL-13 stimulate macrophages to secrete anti-infl ammatory cyto-
kines that include IL-10 and TGF-β. These anti-infl ammatory macrophages are 
called M2 macrophages. They express distinct phenotypic markers and actively par-
ticipate in tissue repair. 

 Granulomatous infl ammation is a distinctive pattern of chronic infl ammatory reac-
tion that is characterized by focal accumulations of activated macrophages. These 
macrophages can develop an epithelial-like (epithelioid) appearance (discrete granu-
loma); such a granuloma may be surrounded by lymphocytes and occasionally plasma 
cells (Fig.  2.7 ). Granulomatous infl ammation is encountered in a limited number of 
infectious and some noninfectious conditions. Tuberculosis is the prototype of the 
infectious granulomatous disease, but cat-scratch disease, leprosy, brucellosis, syphi-
lis, and some mycotic infections also elicit this type of infl ammatory response. 
Numerous eosinophils may be present in association with the granulomatous response 
to helminthic parasites. Noninfectious granulomatous reactions can arise in patients 
with immune disorders (such as sarcoidosis or sympathetic uveitis), systemic connec-
tive tissue disease (such as rheumatoid arthritis or Crohn’s disease), and as a response 
to irritation by a foreign body (such as suture granuloma, lipid granuloma, or ruptured 
epidermoid cyst). The recognition of granulomatous infl ammation in a biopsy speci-
men is important because of the limited number of possible conditions that can cause 
it and the signifi cance of these conditions to the patient’s health and well-being. 

 Another feature that may be seen in the chronic infl ammatory reaction to some 
helminths, fungi, and bacteria, as well as to some inert substances like suture, is the 
Splendore-Hoeppli phenomenon [ 30 ]. This is composed of chronic infl ammation with 
a necrotized, often refractile, eosinophilic center, surrounded by a ring of epithelioid 
cells, giant cells, and eosinophils. The Splendore-Hoeppli phenomenon is thought to 
represent a localized antigen-antibody reaction in a sensitized host (Fig.  2.8 ).
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        Tissue Repair Post Infl ammation: Infl ammatory Sequelae 

 As the necrotic tissue is removed by macrophages and infl ammation subsides, the 
affected area is fi rst invaded by proliferating blood vessels (neoangiogenesis). The 
resulting highly vascularized and edematous tissue is called granulation tissue. 
Fibroblasts brought in by the new vessels begin to proliferate and produce new matrix 
components. As more and more collagen fi bers are laid down and cross- linked, the 
granulation tissue becomes more dense and gradually transforms into a scar. Scars are 
then subject to extensive and prolonged remodeling which results in increased strength. 
In this way, although the tissue cannot be made normal again, a site of severe injury 
and infl ammation can be repaired and brought back to functional usefulness [ 35 ]. 

a

b

  Fig. 2.8    ( a ) Multiple conjunctival nodules present in a 26-year-old male from Saudi Arabia 
( arrow ). ( b ) Histologic sections show Splendore-Hoeppli phenomenon characterized by chronic 
infl ammation with a necrotized, eosinophilic center with eosinophils (PAS stain, ×20)       
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 Like all other tissues, the eye responds to injury with infl ammation. The repair 
process may be the same, but the consequences are often of greater concern since 
the fi broblastic response and scarring may lead to impairment of vision. As such, 
control of the infl ammatory response to infection can be as important in ophthal-
mology as elimination of the inciting pathogen. For example, the highly regularized 
structure of stromal collagen fi bers with tightly defi ned interfi ber spacing parame-
ters determines the transparency of the cornea. Any fi broblastic healing of the cor-
nea leads to scarring and loss of transparency due to disruption of the stromal 
collagen fi bers, with loss of vision. Depending on the pathogen, corneal infections 
are sometimes managed with immunosuppressive therapy (steroids) in conjunction 
with antibiotics. 

 Orbital cellulitis or abscess (due to bacterial or fungal infection that gener-
ally arises in the paranasal sinuses) can lead to fi brosis with resulting diplopia, 
optic nerve dysfunction, or proptosis. The conjunctival and corneal surface epi-
thelium often responds to exposure injury (as can occur with proptosis) by 
changing function of the surface cells to make protective keratin (squamous 
metaplasia). 

 Concerning the sequelae of intraocular infection, each anatomic component has 
a pattern of reaction to injury. In all cases, these responses lead to decreased visual 
acuity. The lens responds to injury by metaplasia and migration of the lens epithelial 
cells, leading to cataract. The injured ciliary body can generate proliferative cells 
that form a cyclitic membrane. Acute suppurative injury to the vitreous or retina 
leads to dissolution of the neural structures, which are unable to regenerate them-
selves. The retina and the optic nerve respond to injury by proliferation of glial cells 
to heal the damaged zone. Gliosis is equivalent to fi brosis in the rest of the body. 
The retinal pigment epithelium (RPE) cells can become necrotic (leaving a punched- 
out depigmented lesion), they may participate in fi brous tissue scarring, or they may 
induce osseous metaplasia in the choroid (as seen in the bone formation of 
phthisis).  

    Conclusion 

 There is an impressive history of progress made by science, medicine, and society 
as a whole to combat infections, yet infectious diseases continue to pose new prob-
lems. We are threatened by the appearance of new diseases such as Ebola virus and 
by the reemergence of old ones such as tuberculosis and infection with  Streptococcus 
pyogenes . Pathogens have an impressive adaptability and diversity. Environmental 
changes, rapid global travel, population movements, and medicine itself through its 
use of antibiotics and immunosuppressive agents all increase the impact of infec-
tions. Pathogenic microbes will continue to develop new responses to our strategies 
to control them, presenting an unending and dynamic challenge for ophthalmolo-
gists in diagnosing and treating infections.     
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    Chapter 3   
 Ocular Infection Worldwide                     

     Mary     Klassen-Fischer       and     Ronald     C.     Neafi e    

           Introduction 

 One of the fi rst steps in diagnosing an ocular infection is to question the patient 
about his travel history. Consideration must be given to the infections that are 
endemic in the parts of the world to which the patient has traveled or has lived 
(Table  3.1 ). Knowing what parts of the eye are affected by these infections is also 
useful (Table  3.2 ). A more detailed list of ocular conditions is presented in Table  3.3 . 
In the following text, a representative viral, bacterial, fungal, protozoan, and hel-
minthic infection is described in greater detail.

         Hemorrhagic Fevers 

 Dengue, Ebola, and other hemorrhagic fever viruses may affect the eye. Familiarity 
with the incubation periods of endemic viruses may be useful in excluding them as 
etiologies for acute eye disease in returning travelers (Table  3.4 ).

   Dengue is a very common viral disease with endemic locations throughout the 
world [ 8 ]. There is a wide range of symptoms ranging from mild febrile illness to 
life-threatening hemorrhagic shock [ 9 ]. Retro-orbital pain is a common symptom; 
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   Table 3.1    Geographic distribution of endemic infections that affect the eye   

  Africa:    Asia:    Europe:  
 Dengue a   Dengue a   Powassan encephalitis 
 Ebola a   Powassan encephalitis  Hemorrhagic fevers a  
 Rift Valley fever  Rift Valley fever  Lyme disease 
 Other hemorrhagic fevers a   Other hemorrhagic fevers a   Leishmaniasis 
 Yellow fever  Leprosy  Cysticercosis 
 Leprosy  Trachoma a   – 
 Trachoma a   Rhinosporidiosis   Oceania : 
 Rhinosporidiosis  Leishmaniasis  Dengue a  
 African trypanosomiasis  Malaria  Trachoma a  
 Leishmaniasis  Parastrongyliasis 

(angiostrongyliasis) 
 Bancroftian fi lariasis 

 Malaria  Sparganosis  Parastrongyliasis 
(angiostrongyliasis) 

 Cysticercosis  Cysticercosis  Paragonimiasis 
 Dracunculiasis  Malayan fi lariasis  – 
 Loiasis  Bancroftian fi lariasis   South America : 
 Mansonelliasis  Thelaziasis  Dengue a  
 Onchocerciasis a   Paragonimiasis  Other hemorrhagic fevers a  
 Bancroftian fi lariasis  Schistosomiasis  Yellow fever 
 Paragonimiasis  –  Leprosy 
 Schistosomiasis   Central America :  Trachoma a  
 Pentastomiasis  Dengue a   Coccidioidomycosis a  
 –  Leprosy  Rhinosporidiosis 
  North America :  Trachoma a   American trypanosomiasis a  
 Dengue a   Coccidioidomycosis a   Leishmaniasis 
 Powassan encephalitis  American trypanosomiasis a   Malaria 
 Lyme disease  Leishmaniasis  Mansonelliasis 
 Coccidioidomycosis a   Malaria  Onchocerciasis a  
 North American 
blastomycosis 

 Cysticercosis  Bancroftian fi lariasis 

 Thelaziasis  Onchocerciasis a   Paragonimiasis 
 Paragonimiasis  Bancroftian fi lariasis  Schistosomiasis 
 Pentastomiasis  Paragonimiasis  – 

   a Described in the text  

   Table 3.2    Parts of the eye affected by endemic infections   

  Eyelids :   Conjunctiva :   Retina : 
 African trypanosomiasis  Bancroftian fi lariasis  Bancroftian fi lariasis 
 American trypanosomiasis a   Coccidioidomycosis a   Coccidioidomycosis a  
 Coccidioidomycosis a   Cysticercosis  Cysticercosis 
 Dengue a   Dengue a   Leprosy 
 Dracunculiasis  Dracunculiasis  Loiasis 
 Leishmaniasis  Ebola a   Malaria 
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  Eyelids :   Conjunctiva :   Retina : 
 Leprosy  Leishmaniasis  Onchocerciasis a  
 Onchocerciasis a   Loiasis  Parastrongyliasis 

(angiostrongyliasis) 
 Schistosomiasis  Lyme disease  Rift Valley fever 
 Sparganosis  Malaria  – 
 –  Malayan fi lariasis   Orbit : 
  Cornea :  Mansonelliasis  Coccidioidomycosis a  
 African trypanosomiasis  North American blastomycosis  Cysticercosis 
 Leishmaniasis  Onchocerciasis a   Loiasis 
 Leprosy  Other hemorrhagic fevers a   Lyme disease 
 Lyme disease  Parastrongyliasis (angiostrongyliasis)  Malaria 
 Onchocerciasis a   Pentastomiasis  Mansonelliasis 
 Thelaziasis  Rhinosporidiosis  Onchocerciasis a  
 –  Rift Valley fever  Powassan encephalitis 
 –  Schistosomiasis  Sparganosis 
 –  Thelaziasis  – 
 –  Trachoma a   – 

 Yellow fever  – 

   a Described in the text  

Table 3.2 (continued)

   Table 3.3    Sites and types of ocular lesions caused by endemic infectious agents   

 Infectious disease  Category 
 Ocular 
site a   Type of lesions 

 African trypanosomiasis  Protozoan  Li Cor I 
Ch 

 Eyelid swelling, keratitis, iritis, 
choroiditis 

 American trypanosomiasis  Protozoan  Li  Eyelid swelling (Figs.  3.5a, b ) 
 Bancroftian fi lariasis  Helminth  U  Conjunctivitis, granulomatous 

iridocyclitis, subretinal infl ammation 
 Coccidioidomycosis  Fungus  Li Con 

U Ch R 
Op 

 Conjunctivitis, eyelid lesions, 
chorioretinal lesions, uveitis, secondary 
glaucoma, optic neuritis, retinal 
detachment (Figs.  3.4a, b ) 

 Cysticercosis  Helminth  Li Con 
Ch V R 
Op 

 Chorioretinitis, retinal detachment, 
cataract 

 Dengue  Virus  Li Con 
U R Op 

 Retrobulbar pain, conjunctival 
congestion, eyelid swelling (Fig.  3.1b ) 

 Dracunculiasis  Helminth  Li Con 
Or 

 Granulomatous infl ammation of eyelids, 
conjunctiva, orbit (Figs.  3.8a, b ) 

 Ebola  Virus  Con U  Hemorrhagic conjunctivitis, uveitis 
 Leishmaniasis  Protozoan  Li Con 

Cor 
 Eyelid, conjunctival or corneal ulcers or 
nodules (Fig.  3.9 ) 

(continued)

3 Ocular Infection Worldwide



40

Table 3.3 (continued)

 Infectious disease  Category 
 Ocular 
site a   Type of lesions 

 Leprosy  Bacteria  Li La 
Cor U 
Le I Sc 
R 

 Lagophthalmos, corneal anesthesia, 
exposure keratitis, scleritis, iridocyclitis, 
low intraocular pressure, cataract 
(Fig.  3.11 ) 

 Loiasis  Helminth  Con Ch 
V R Or 

 Bulbar conjunctivitis, choroiditis, retinal 
hemorrhage, granuloma of orbit 
(Fig.  3.10 ) 

 Lyme disease  Bacteria  Con 
Cor U 
V Op 
M 

 Conjunctivitis, keratitis, uveitis, vitritis, 
optic neuropathy, defects of pupillary 
function, ocular motor nerve palsies, 
supranuclear disorders of ocular motility 

 Malaria  Protozoan  Con R 
Op 

 Retinal hemorrhage, subconjunctival 
hemorrhage, papilledema (Fig.  3.12 ) 

 Malayan fi lariasis  Helminth  Con U  Bulbar conjunctivitis, uveitis 
 Mansonelliasis  Helminth  Con Or  Nodules of conjunctiva, periorbital fat 

(Figs.  3.13a, b ) 
 North American 
blastomycosis 

 Fungus  Con U I 
Ch V 

 Conjunctivitis, anterior uveitis, 
secondary glaucoma, endophthalmitis, 
iritis, iridocyclitis, choroidal lesions 

 Onchocerciasis  Helminth  Li Con 
Cor I R 
Op Or 

 Eyelid nodule, keratitis, iridocyclitis, 
cataract, retinopathy, optic nerve 
atrophy, orbital nodule (Fig.  3.7a, b ) 

 Other hemorrhagic fevers 
(e.g. Ebola, others) 

 Virus  Con U  Conjunctival hemorrhage, uveitis 
(Fig.  3.1a ) 

 Parastrongyliasis 
(angiostrongyliasis) 

 Helminth  Con A  Anterior uveitis, episcleritis, raised 
intraocular pressure, macular edema, 
pigment dispersion, retinal detachment 
(Fig.  3.14 ) 

 Pentastomiasis  Arthropod  Con A I  Conjunctivitis, conjunctival nodule, 
iridocyclitis (Figs.  3.15a, b ) 

 Powassan encephalitis  Virus  M  Diplopia, ophthalmoplegia 
 Rhinosporidiosis  Fungus  Con  Conjunctivitis (Fig.  3.16 ) 
 Rift Valley fever  Virus  Con U 

R 
 Conjunctivitis, uveitis, retinitis 

 Schistosomiasis  Helminth  Li Con 
La Ch 

 Eyelid edema, subconjunctival, lacrimal 
gland or choroid nodules (Fig.  3.17 ) 

 Sparganosis  Helminth  Li Con 
A Or 

 Infl ammatory nodule of eyelid, 
conjunctiva, anterior chamber, orbit 

 Thelaziasis  Helminth  Con 
Cor 

 Conjunctivitis, keratitis 

 Trachoma  Bacteria  Con 
Cor Li 

 Conjunctivitis, conjunctival scarring 
(Figs.  3.2a–c  and  3.3a, b ) 

 Yellow fever  Virus  Con  Conjunctivitis, conjunctival hemorrhage 

    a   Key :  A  anterior chamber,  Ch  choroid,  Con  conjunctiva,  Cor  cornea,  I  iris,  La  lacrimal duct, 
 Le  lens,  Li  eyelid,  M  extraocular muscles,  Op  optic nerve,  Or  orbit,  R  retina,  Sc  sclera,  U  uvea, 
 V  vitreous  
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however, other ocular manifestations are rare [ 10 ]. Symptoms may include blurred 
vision, scotomas, metamorphopsia, and fl oaters. On ophthalmic examination, sub-
conjunctival, vitreous, and retinal hemorrhages; posterior uveitis; optic neuritis; and 
maculopathy such as foveolitis, hemorrhage, and edema may be observed (Fig.  3.1a ).

   Two types of conjunctivitis occur in patients with Ebola virus infection: nonhem-
orrhagic and hemorrhagic [ 2 ]. Early bilateral nonhemorrhagic, asymptomatic, and 
nonicteric conjunctivitis occurs frequently and may appear 6–7 days before Ebola is 
suspected. Unlike Ebola, the conjunctivitis associated with Lassa fever is severe 
with periorbital swelling and pain. Hemorrhagic conjunctivitis occurs later and is a 
poor prognostic indicator. One to 2 months later, up to 20 % of patients convalescing 
from Ebola develop uveitis with ocular pain, photophobia, hyperlacrimation, and 
loss of visual acuity. Similar uveitis has been reported in patients who recovered 
from Marburg disease [ 11 ]. 

   Table 3.4    Maximum incubation periods of endemic viruses that affect the eye   

 Virus  Maximum incubation period (days)  Reference 

 Dengue  15  [ 1 ] 
 Ebola  21  [ 2 ] 
 Lassa  21  [ 3 ] 
 Marburg  21  [ 4 ] 
 Powassan encephalitis  28  [ 5 ] 
 Yellow fever  9  [ 6 ] 
 Rift Valley  6  [ 7 ] 

a b

  Fig. 3.1    ( a ) An example of conjunctival hemorrhage in a patient with hemorrhagic fever is seen in 
this man with Korean hemorrhagic fever (all fi gures courtesy of the Armed Forces Institute of 
Pathology). (b) The skin of a patient with dengue hemorrhagic fever shows vascular permeability 
with hemorrhage in the dermis (H&E, original magnifi cation ×30)       

 

3 Ocular Infection Worldwide



42

 Cytologic or histologic examination of ocular specimens is rarely performed on 
patients with hemorrhagic fever. Skin biopsies from patients with dengue may show 
hemorrhage (Fig.  3.1b ), endothelial cell swelling in small vessels, perivascular 
edema, and mononuclear cell infi ltrates [ 1 ]. No diagnostic viral cytopathic changes 
such as nuclear or cytoplasmic inclusions are seen in pathologic specimens.  

    Trachoma 

 Trachoma is an infection of the eye by  Chlamydia trachomatis  serotypes A, B, Ba, 
and C, which are endemic in resource-limited areas in Africa, the Middle East, Asia, 
Latin America, Pacifi c Islands, and Australia.  Chlamydia trachomatis  is transmitted 
by direct contact, fomites, and fl ies. Trachoma occurs in two phases: active tra-
choma largely in young children and cicatricial disease in adults. Acute infection 
causes mild, self-limited follicular conjunctivitis that is often asymptomatic 
(Fig.  3.2a ). Some patients have mucopurulent discharge. On ophthalmic examina-
tion, 0.5–2 mm, white or pale yellow follicles are present on the superior tarsal 
conjunctiva. Pinpoint red papillae may also be present and can enlarge and coalesce. 
Follicles leave pathognomonic shallow Herbert’s pits at the limbus. Adults with 
acute infection are less likely to have follicles but may have papillae, especially in 
the case of secondary infection by other bacteria. Repeated infections cause eyelid 
scarring that leads to entropion and trichiasis, which in turn cause corneal edema, 
ulceration, and scarring (Fig.  3.2b ). Corneal scarring from trachoma (Fig.  3.2c ) is 
the most common infectious cause of blindness [ 12 ].

   Chlamydiae exist in two forms: intracellular reticulate bodies and extracellular 
elementary bodies, which have a cellular envelope similar to that of Gram-negative 
bacteria [ 13 ]. Reticulate bodies, which are 0.5–1.9 μm in diameter, replicate within 
a vacuole to form an inclusion that may be visible on cytologic or histologic slides 
prepared from ocular scrapings or biopsies, respectively [ 14 ]. 

 In Giemsa-stained conjunctival scrapings, inclusions appear as dark purple 
masses in the cytoplasm of epithelial cells. Acridine orange or iodine stains may be 
used as an alternative to Giemsa. 

 Conjunctival biopsies from patients with acute infection show a marked infl am-
matory cell infi ltrate and hyperplastic conjunctival epithelium. The infl ammatory 
infi ltrate is organized into follicles of B lymphocytes within a diffuse infi ltrate of 
T- and B lymphocytes, macrophages, plasma cells, and neutrophils [ 15 ]. Chlamydial 
intracellular inclusion bodies can be seen within epithelial cells in sections stained 
with hematoxylin and eosin (H&E; Fig.  3.3a ) and Warthin-Starry (Fig.  3.3b ). 
Collagen deposition may also be detected but to a lesser extent than that seen in 
conjunctival scarring [ 16 ].

   Biopsies from patients with conjunctival scarring show atrophic epithelium, sub-
epithelial scarring, chronic infl ammation, and meibomian gland atrophy [ 17 ]. The 
conjunctival epithelium may be only one cell thick with loss of goblet cells. A col-
lagenous scar along the conjunctival basement membrane replaces the normally 
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loose subepithelial stroma. Unlike acute trachoma, the infl ammatory infi ltrate in 
scarred conjunctivae consists predominantly of T cells [ 18 ]. In one study, cystically 
dilated glands containing concretions of inspissated secretions and cell debris were 
seen [ 19 ]. 

a

b

c

  Fig. 3.2    ( a ) Follicular conjunctivitis due to trachoma ( Chlamydia trachomatis  infection). 
( b ) Eyelid scarring ( arrow ) due to trachoma. ( c ) Corneal scarring due to trachoma       
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 Follicles at the corneal limbus resolve leaving Herbert’s pits and a vascular 
pannus [ 20 ]. Corneal buttons examined histopathologically show vascularity of all 
layers [ 21 ].  

    Coccidioidomycosis 

 Coccidioidomycosis is an infection by  Coccidioides immitis  or  Coccidioides posa-
dasii  fungi that are endemic in the Sonoran Desert of Arizona, New Mexico, and 
Mexico; the San Joaquin Valley of California; and parts of West Texas, Central 
America, and Argentina. Ocular involvement is rare but should be considered in 
patients with eye disease who have been to one of the endemic areas [ 22 ]. Various 
ocular fi ndings have been described, including eyelid and conjunctiva granulomas 
(Fig.  3.4a ), phlyctenular conjunctivitis, recurrent uveitis, iritis, bilateral multifocal 

a

b

  Fig. 3.3    ( a )  Chlamydia trachomatis  organisms resemble fi ne grains of sand within a vacuolated 
cell in the epithelium in H&E-stained sections (original magnifi cation ×330). ( b ) Numerous sil-
vered  Chlamydia trachomatis  elementary bodies in a vacuolated cell (Warthin-Starry, original 
magnifi cation ×330)       
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choroiditis, choroidal neovascularization with scarring, vitritis, retinal lesions, 
serous retinal detachment, optic neuritis, and secondary glaucoma [ 23 – 27 ].

   Specimens acquired from aqueous or vitreous aspiration may show diagnostic 
fungal spherules. Biopsies of the eyelid skin, conjunctiva, choroid, or retina may 
show granulomas and fungal spherules, although early infection may be nongranu-
lomatous [ 28 ,  29 ].  Coccidioides  species usually present as spherules containing 
endospores that stain with H&E (Fig.  3.4b ), although periodic acid-Schiff or Grocott 
methenamine silver stains help to highlight the walls of the spherules and the endo-
spores. Spherules appear in various stages of growth and development. The mature 
spherules are usually 30–60 μm in diameter. Endospores are 2–5 μm in diameter. 
Some spherules may rupture releasing endospores. The spherules may have thick 
walls, and not all spherules will contain endospores.  

    American Trypanosomiasis 

 Chagas disease is caused by the protozoan parasite  Trypanosoma cruzi , which is 
endemic in parts of Mexico and Central and South America. Rare infections are 
acquired in southern United States. The vectors are triatomid bugs, or “kissing 
bugs,” which are a type of reduviid bug that live in thatch and in the cracks of trees 
and houses. At night the bug bites a sleeping human and defecates while taking a 
blood meal. Trypomastigotes, the infective stage of the parasite, are excreted in the 
bug’s feces and introduced into the bite or nearby mucosa, especially the conjunc-
tiva. Swelling at the site of a bite is called a chagoma. A periorbital bite may cause 
the characteristic Romaña sign (Fig.  3.5a ): intense unilateral palpebral swelling, 
periorbital and facial edema, and conjunctivitis [ 30 ].

a b

  Fig. 3.4    ( a ) Patient with disseminated coccidioidomycosis causing granulomas on the face 
encroaching on the eyelid. ( b ) A mature spherule from a patient with disseminated coccidioidomy-
cosis is 35 μm in diameter and fi lled with endospores (H&E, original magnifi cation ×250)       
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   Trypomastigotes at the inoculation site transform into amastigotes and mul-
tiply within histiocytes. Amastigotes released from these histiocytes may 
invade other cells or transform into trypomastigotes, which disseminate through 
blood to invade different tissues especially the heart, central nervous system, 
and smooth and striated muscle. Patients with Chagas disease may present with 
ocular findings due to autonomic nervous system disease, for example, greater 
pupil diameter, irregularity of the pupil border, altered response to dilating 
agents, or decreased ability to maintain intraocular pressure with changes in 
posture [ 31 ,  32 ]. 

 Diagnostic techniques for Chagas disease include microscopic identifi cation of 
the parasite in peripheral blood smears. In peripheral blood smears stained with 
Giemsa, trypomastigotes are often C or U shaped 16–22 μm in length with a large 

a

b

  Fig. 3.5    ( a ) A patient with characteristic unilateral palpebral swelling (Romaña sign) due to 
Chagas disease (American trypanosomiasis). ( b ) Acute chagasic myocarditis with a cluster of 
amastigotes in a myofi ber. Amastigotes are spherical, 2–4 μm in diameter, and have a nucleus and 
rod-shaped kinetoplast (H&E, original magnifi cation ×300)       
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central nucleus; a narrow undulating membrane; a large, spherical kinetoplast at 
the posterior end; and a long free fl agellum at the anterior end. Trypomastigotes 
may also be seen in wet mount preparations of chagomas. Eyelid lesions are not 
often biopsied. Histologic sections of the skin show a mixed dermal and subcuta-
neous infl ammatory infi ltrate. When amastigotes are seen in histologic sections 
(such as in the brain or muscle biopsies), they are 2–4 μm in diameter with a 
spherical nucleus and a rod-shaped kinetoplast (Fig.  3.5b ). Both the nucleus and 
the kinetoplast will not be present in the same plane of sectioning on every 
amastigote.  

    Onchocerciasis 

 Eye lesions resulting from infection by  Onchocerca volvulus  (onchocerciasis or 
river blindness) are prevalent in parts of West and Central Africa and Central 
America. The vectors are  Simulium  species blackfl ies that bite humans and 
 transmit larvae. African  Simulium damnosum  blackfl ies tend to bite the lower 
part of the body, while  Simulium ochraceum  blackfl ies in Central America tend 
to bite the upper part of the body. The adult worms develop in subcutaneous 
 tissues where they become encased in fi brous tissue to form nodules called 
“onchocercomas.” The fertilized female releases microfi lariae that migrate 
through the dermis. 

 Microfi lariae from the periorbital skin or conjunctiva may infi ltrate every 
part of the eye except the lens. Ocular lesions due to microfi lariae include sub-
epithelial punctate keratitis, iridocyclitis, chorioretinitis, and optic atrophy. 
Viable microfi lariae in the cornea may not provoke an infl ammatory response; 
however, dying larvae cause punctate keratitis with minute opacities. Iridocyclitis 
may result as an infl ammatory response to onchocercal antigens diffusing from 
microfi lariae in the cornea. Intense or recurrent infection results in sclerosing 
keratitis or cataract formation (Fig.  3.6a ). Chorioretinitis due to invasion of the 
posterior segment by microfi lariae is a frequent cause of visual impairment in 
advanced onchocerciasis [ 33 ]. Some patients develop a virtually pathogno-
monic retinal lesion (Fig.  3.6b ) consisting of atrophy of the retinal pigment epi-
thelium and diffuse chorioretinal scarring [ 34 ]. Some patients with posterior 
segment infection develop optic atrophy due to retinal changes or direct inva-
sion of the optic nerve [ 35 ]. 

 Onchocercomas of the anterior orbit are rare. Onchocercomas on the upper part 
of the body are more likely to produce microfi lariae that reach the eye area than 
those on the lower part of the body. 

 Light microscopic examination of infected tissue shows microfi lariae migrating 
through collagen (Fig.  3.7a ). Infl ammatory reactions occur in response to necrotic 
microfi lariae and onchocercal antigens especially following treatment with microfi -
laricides such as diethylcarbamazine. In sclerosing keratitis, there is a fi brovascular 
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a

b

  Fig. 3.6    ( a ) Advanced sclerosing keratitis of onchocerciasis. ( b ) Chorioretinal changes due to 
onchocerciasis (Ridley fundus) and optic atrophy       
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a

b

  Fig. 3.7    ( a ) Anterior end of  Onchocerca volvulus  microfi laria in collagen. The microfi laria is 
5 μm wide and has a long cephalic space (Giemsa, original magnifi cation ×1080). ( b ) Onchocercal 
nodule, removed from subcutaneous tissue of an African, containing numerous sections of coiled 
adult female and male worms (H&E, original magnifi cation ×5)       

pannus with chronic infl ammation [ 36 ]. Viable and degenerating microfi lariae and 
chronic infl ammatory cells have been described in the choroid and retina [ 33 ]. In 
pigmentary retinopathy, there is hyperplasia and degeneration of the retinal pigment 
epithelium and chronic infl ammation [ 35 ].

   The microfi lariae are 220–360 μm in length and 5–9 μm in width but are only 
5 μm wide in tissue sections. They have a striated cuticle, a long cephalic space, and 
a sharply pointed tail and are sheathless. 

 In an onchocercoma or onchocercal nodule (Fig.  3.7b ), multiple adult male and 
female worms cut at various angles are usually present and are surrounded by an 
acute infl ammatory reaction that over time becomes a foreign body-type giant cell 
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a

b

  Fig. 3.8    ( a ) Dracunculiasis of the eyelid lesion of a 3-year-old Nigerian boy. Multiple cross sec-
tions of the worm are evident within a fi brinopurulent exudate (unstained gross specimen). ( b ) 
Adult gravid female  Dracunculus medinensis  in eyelid lesion shown in  a . The worm is 1 mm in 
diameter, has two prominent bands of smooth muscle, and is fi lled with rhabditoid larvae (Movat, 
original magnifi cation ×18)       

  Fig. 3.9    Section of the 
skin contains many 
amastigotes of  Leishmania  
spp. within histiocytes. 
Amastigotes are 2–3 μm in 
diameter and have a round 
nucleus and a rod-shaped 
kinetoplast ( arrow ; H&E, 
original magnifi cation 
×300)       
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  Fig. 3.10    Extraction of 
 Loa loa  from the 
conjunctiva       

  Fig. 3.11    In leprosy 
( Mycobacterium leprae  
infection), lagophthalmos 
and corneal anesthesia may 
lead to exposure keratitis 
and corneal scarring       

reaction with fi brosis [ 37 ]. Male worms are up to 200 μm in diameter and have a 
cuticle with prominent annulations and a single reproductive tube. Female worms 
are up to 450 μm in diameter and have a cuticle with regularly spaced transverse 
ridges and usually two reproductive tubes. Microfi lariae are frequently observed 
within onchocercomas, especially those with suppuration.
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  Fig. 3.12    Plasmodium falciparum trophozoites in virtually every erythrocyte in capillary of cili-
ary process from a 53-year-old traveler to Kenya and Tanzania who died of chloroquine-resistant 
malaria. Ocular complications of malaria are usually the result of hemorrhage, although not evi-
dent in this photo (H&E, original magnifi cation ×250)       

a

b

  Fig. 3.13    ( a ) Bung-eye due to adult  Mansonella perstans  infection in a Ugandan man. ( b ) Adult 
gravid female  Mansonella perstans  within necrotizing granuloma of conjunctiva in a Sudanese 
man (Bung-eye). The worm is 100 μm in diameter and contains 2–3 μm wide microfi lariae ( arrow ) 
in the uterus (H&E, original magnifi cation ×100)       
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  Fig. 3.16    Conjunctivitis 
due to  Rhinosporidium 
seeberi  infection       

  Fig. 3.14    Ocular 
 Parastrongylus  
( Angiostrongylus ) 
 cantonensis  infection 
in a Thai patient       

a b

  Fig. 3.15    ( a ) Pentastome removed from the conjunctiva of a 44-year-old man from the Central 
African Republic. The third-stage larval  Armillifer armillatus  is white and 2 cm long and appears 
pseudosegmented (unstained gross specimen). ( b ) Section of pentastome in conjunctiva. The third- 
stage larval  Armillifer armillatus  has striated muscle, an intestine, and acidophilic glands (H&E, 
original magnifi cation ×7)       
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                 Conclusion 

 Ocular infectious disease is found around the world, and many of the bacteria, fungi, 
viruses, and parasites that can cause eye lesions are absent or rare in North America 
and Western Europe. Such infections can present as keratoconjunctivitis, uveitis, or 
endophthalmitis. For ophthalmologists who practice in an endemic area, an under-
standing of the pathogens native to the region is important. For ophthalmologists 
who practice in non-endemic areas of North America or Western Europe, an aware-
ness of these organisms and an appreciation for the typical clinical features of infec-
tion are important when evaluating a patient who has traveled widely or lived abroad.     
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    Chapter 4   
 Conjunctivitis                     

     Tayyeba     K.     Ali       and     Seth     M.     Pantanelli    

           Introduction 

 “Pink eye” is one of the most common complaints seen by doctors and a source of 
frequent referral to ophthalmology. Infectious conjunctivitis is one of the leading 
components of the pink-eye differential. Nevertheless, redness is not the only way 
microbial disease of the conjunctiva manifests. The conjunctiva is a mucous mem-
brane that lines the sclera and is composed of two layers: epithelium and submuco-
sal substantia propria. When these layers become infl amed or infected, it manifests 
as conjunctivitis. Physiologically speaking, conjunctivitis is a vascular dilation 
accompanied by cellular infi ltration and exudation. Proper eyelid closure, meibo-
mian gland function, and ocular surface health are required to keep the conjunctiva 
moist and healthy. Disorders that affect these parameters, such as Bell’s palsy, mei-
bomian gland dysfunction, and cicatrizing disease, can lead to compromised con-
junctival health and microbial infections. 

 While most infectious conjunctivitis is self-limiting, sequelae of microbial dis-
ease include membrane/pseudomembrane formation, cicatrization, and extension of 
the disease to the cornea and lacrimal system, as the epithelium that covers the 
conjunctiva is contiguous with the corneal epithelium and also extends to the 
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 lacrimal apparatus and glands [ 1 ]. Additionally, post-infectious cicatrizing 
 conjunctivitis holds signifi cant morbidity, and common causes include trachoma, 
diphtheria, and streptococcal infection [ 2 – 4 ]. In the United States, the leading post-
infectious sources are adenovirus and herpes simplex [ 5 ,  6 ]. 

 Clinicians should be aware of the various presentations of conjunctivitis, particu-
larly the factors that are common in infectious processes. The disease can be classifi ed 
by laterality, onset of activity, morphology, discharge, and associated systemic illnesses. 
Taking a thorough history is key, followed by a focused physical examination in order 
to make a quick, accurate diagnosis and provide the most appropriate therapy. 

 Most cases of infectious conjunctivitis can be treated conservatively; neverthe-
less, it is imperative not to miss visually threatening or systemic disease. Morphology 
that is commonly associated with infectious etiologies includes papillary or follicu-
lar reactions, secondary to bacteria or to  Chlamydia  and viruses, respectively. The 
substantia propria has a superfi cial adenoid cell layer that contains lymphoid tissue. 
This layer is where follicles form. The deeper fi brous layer is composed of connec-
tive tissue, where fi broblasts, macrophages, mast cells, and polymorphonuclear 
cells are present in healthy tissue [ 1 ]. Other factors to consider are rapidity of onset, 
type of discharge, history of sick contacts, and presence of systemic illness.  

    Epidemiology of Conjunctivitis 

 While the numbers are likely higher today, older studies show that 1 % of annual 
primary care visits in the United States are related to conjunctivitis and 70 % of 
patients with conjunctivitis present to general practitioner offi ces or urgent care 
facilities [ 7 ]. Despite the fact that most cases of infectious conjunctivitis are self- 
limiting, it imposes a signifi cant social and fi nancial burden. Estimates suggest 
that four to six million people are affected annually in the United States [ 8 ], with 
an average of $705 million spent on direct and indirect costs related to the illness 
[ 9 ]. These numbers are conservative and only take into account offi ce visits, not 
cases secondary to atypical causes of disease, such as conjunctivitis 
neonatorum.  

    Host Defenses (Table  4.1 ) 

    The eye’s natural defense against pathogen invasion is multitiered and listed in 
Table  4.1 . Initially, the physical barrier of the orbital rim and eyebrows keeps for-
eign material away from the ocular surface. This is followed by protection from the 
eyelashes and blink response, which work to keep smaller particles away from the 
surface of the eye. An additional mechanical tool includes the tear fi lm, which 
washes away pathogens. The tear fi lm is composed of many antimicrobial compo-
nents, including lysozyme, beta-lysin, lactoferrin, immunoglobulins (primarily 
IgA), complement, and cathelicidin [ 10 – 15 ], which decrease colonization of 
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microbes by killing the pathogens and preventing adhesion to the ocular surface. 
Mucus from goblet cells traps bacteria [ 10 ]. Furthermore, the ocular microbiota, 
composed of inherent and indigenous bacteria, prevents more pathogenic microbes 
from colonizing the surface [ 16 ,  17 ]. Conjunctiva-associated lymphoid tissue along 
with Toll-like receptors that regulate the adaptive immune response provides further 
protection [ 17 ]. Finally, the temperature of the ocular surface is not advantageous 
for microbial growth [ 17 ].  

    Risk Factors (Table  4.2 ) 

       Intrinsic 

 Any specifi c abnormality in the series of host defenses listed above can lead to 
microbial infection of the conjunctiva. While exposure from eyelid dysfunction or 
an absent Bell’s phenomenon can often lead to corneal pathology, these factors also 
cause conjunctival drying and secondary infection. Severe meibomian gland dys-
function, abnormal tear fi lm, and an altered microbiota can also be underlying fac-
tors that lead to further problems.  

    Extrinsic 

 Worldwide, a leading cause of preventable blindness is trachoma, which spreads 
from direct contact from ocular or nasal secretions, fomites, or via fl ies [ 18 ]. The 
most common type of infectious conjunctivitis in the United States is adenoviral 
conjunctivitis, and this occurs secondary to direct inoculation by ocular or nasal 
secretions, similar to the common cold. Less commonly, infectious organisms 

   Table 4.1    Host defenses   Orbital rim 
 Eyelids 
 Eyebrows/eyelashes 
 Blink refl ex 
 Tear fi lm 
   Lysozyme 
   Beta-lysin 
   Lactoferrin 
   Immunoglobulins (IgA) 
   Complement 
   Cathelicidin 
   Goblet cell mucus 
 Conjunctiva-associated lymphoid tissue (CALT) 
 Low temperature 
 Ocular microbiota 
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similar to trachoma and also sexually transmitted diseases can spread to the con-
junctiva of neonates through transvaginal or perivaginal exposure during delivery 
[ 19 ]. 

 Infection with herpes-family viruses typically manifests as a keratitis or sclero-
keratitis but can present as blepharoconjunctivitis and should be kept in the differ-
ential for cases that are not self-limiting or that get worse on steroid eye drops. 
Trauma, previous eye surgery, and contaminated topical medications can all lead to 
spread of pathogenic bacteria. Common risk factors are listed in Table  4.2 .   

    History and Clinical Examination 

 Numerous algorithms have been constructed to help guide the diagnosis of conjunc-
tivitis. A detailed history is imperative to make a timely and accurate diagnosis. 
Often the physical examination will simply confi rm the leading diagnosis and allow 
for appropriate therapy to be implemented quickly. 

 Questions important to ask on a history are: time of onset (hyperacute, acute, or 
chronic), laterality, presence of sick contacts, previous episodes, systemic diseases, 
and other risk factors. Hyperacute onset is typically defi ned by rapidity of onset and 
extent of disease. In adults, this would be <48 h after inoculation and with copious, 
hyperpurulent discharge, which generally represents gonorrheal disease. In neonates, 
conjunctivitis within the fi rst 48 h of birth is usually toxic, whereas conjunctivitis due 

    Table 4.2    Risk factors   

 Intrinsic  Extrinsic 

 Abnormal lid anatomy 
   Lid retraction 
   Lagophthalmos 
   Abnormal blink refl ex 
 Abnormal tear fi lm 
   Mucin layer 
    Vit A defi ciency 
   Aqueous layer 
   Rheumatoid 
   Sjögren 
   Lipid layer 
   Rosacea 
   MGD 
   CCC 
 Altered microbiota 
 Systemic 
   NLDO 
   Infection 

 Direct inoculation 
   Adenoviral 
   Common bacterial 
   Trachoma 
 Transvaginal 
 Sexual contact 
 HSV/VZV 
 Trauma 
 Prior ocular surgery 
 Contaminated topical medications 

   Abbreviations :  MGD  meibomian gland dysfunction,  CCC  chronic cicatrizing conjunctivitis, 
 NLDO  nasolacrimal duct obstruction  
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to  Neisseria gonorrhoeae  typically presents between days 2 and 5. In the general 
population, if onset of symptoms is less than 2 weeks, the likely etiology will be viral 
or nongonococcal bacterial. Up to 75 % of acute conjunctivitis has been attributed to 
viral infection [ 20 ]. Chronic conjunctivitis has an extensive, noninfectious differen-
tial and is listed in Table  4.3 . Infection may be secondary to local spread from a 
dacryocystitis or canaliculitis. Chronic infection may be secondary to  Moraxella 
catarrhalis ,  Chlamydia  species,  Borrelia burgdorferi  (Lyme disease), molluscum 
contagiosum, or Parinaud’s oculoglandular syndrome. Diagnoses based on onset of 
symptoms and then further subdivided based on morphology are listed in Fig.  4.1 .

    Laterality is the next question to probe, as adenoviral conjunctivitis classically 
starts in one eye and spreads to the other eye within 2–3 days of onset. Bacterial 
conjunctivitis will likely be bilateral and may be associated with sinusitis or naso-
lacrimal duct obstruction. Staphylococcal marginal blepharoconjunctivitis or infec-
tion secondary to lacrimal apparatus stasis can be unilateral or asymmetric in 
appearance. 

 Herpes-related conjunctivitis is often unilateral, though bilateral disease can be 
seen and is more common in atopic or immunocompromised patients. These patients 
may also have experienced previous episodes of redness, irritation, and light 
sensitivity. 

 Systemic diseases may need to be ruled out. Viral etiologies are presumed in the 
presence of preauricular lymphadenopathy and the absence of other more severe 
signs of illness. Patients at risk or with suggestive histories should be asked if they 
have known sexually transmitted diseases. Other important factors would be 
 previous trauma, surgery, long-term topical medication use, topical steroid use, and 
history of radiation to the face. 

 A focused physical examination can confi rm a diagnosis or lead the astute physi-
cian to make a less likely diagnosis. Morphology focuses on the type of conjunctival 

  Table 4.3    Differential for 
chronic, noninfectious 
conjunctivitis  

 Vernal keratoconjunctivitis 
 Atopic keratoconjunctivitis 
 Secondary giant papillary conjunctivitis 
 Foreign body 
 Sebaceous cell carcinoma 
 Floppy eyelid syndrome 
 Superior limbic keratoconjunctivitis 
 Toxic keratoconjunctivitis 
 Mucus-fi shing syndrome 
 Keratoconjunctivitis sicca 
 Ligneous conjunctivitis 
 Stevens–Johnson syndrome 
 Ocular cicatricial pemphigoid 
 Sarcoidosis 
 Lymphoma 
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reaction: papillary versus follicular. There may be a mixed response, but often one 
type will predominate. Classically papillary conjunctivitis is bacterial or allergic in 
origin. Follicles suggest a viral or chlamydial etiology. Other factors to look for are 
the presence of membranous or granulomatous disease.  

  Fig. 4.1    Most likely cause of conjunctivitis based on rapidity of onset and morphological features 
(Adapted from Figures 42.1 and 42.2 in Lindquist [ 1 ])       
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    Enumeration and Presentation of Common Pathogens 

 Understanding which organisms not only are the most common causes of conjunc-
tivitis but also are most pathogenic is important in order to provide appropriate 
therapy. Knowing the risk factors associated with various microbes also assists in 
diagnosis.  

    Viral Conjunctivitis 

    Adenovirus 

 Adenoviral conjunctivitis (Fig.  4.2 ) is the most common cause of infectious con-
junctivitis [ 20 ,  21 ] and is seen most often in the summer [ 22 ]. The virus has over 60 
serotypes and seven subgroups; of the seven subgroups, group D is the most frequent 
source of adenoviral keratoconjunctivitis. There are four main ocular manifestations 
of adenoviral conjunctivitis, of which acute follicular conjunctivitis is the most 
benign [ 5 ]. Another frequent manifestation is epidemic keratoconjunctivitis (EKC). 
EKC is more aggressive and can be associated with pseudomembranes and sym-
blepharon, as well as with corneal subepithelial infi ltrates (SEIs). Pharyngoconjunctival 
fever (PCF) is characterized by fever, pharyngitis, follicular reaction, and preauricu-
lar adenopathy. Chronic conjunctivitis can wax and wane for months to years after 
the initial bout but eventually has spontaneous resolution. It can present with a 
mixed papillary and follicular reaction as well as with SEIs [ 23 ,  24 ].

   Patients complain of bilateral symptoms, and classically the second eye becomes 
involved 2–3 days after the fi rst. People in healthcare settings, day-cares, and other 
situations where there is close contact are at higher risk. The disease is biphasic and an 
infl ammatory phase follows the initial infective phase at about 7–10 days after initial 
inoculation. Patients remain infected for up to 2–3 weeks after initial symptoms.  

  Fig. 4.2    Classic follicular response with a watery discharge, suggestive of adenoviral conjunctivitis       
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    Herpes 

 Herpetic disease rarely presents as a simple follicular conjunctivitis without eyelid 
or corneal involvement. Nevertheless, almost 5 % of isolated follicular conjunctivi-
tis cases that were thought to be adenovirus (due to the absence of clinical herpes) 
were found to be culture positive for herpes simplex virus (HSV) [ 25 ]. HSV con-
junctivitis is typically unilateral and has a watery discharge. Vesicular eyelid lesions 
or a keratouveitis may be present [ 5 ,  26 ]. 

 Primary varicella zoster virus rarely causes conjunctivitis. Infection after latency 
that manifests as herpes zoster ophthalmicus (HZO) can present as a conjunctivitis, 
scleritis, or keratouveitis and will typically be associated with the classic, dermato-
mal shingles rash. Involvement of the nasociliary branch of the trigeminal nerve 
(CN V), Hutchinson’s sign, has a high correlation with ocular involvement and 
should be followed closely [ 5 ]. 

 When herpetic infection is suspected, a dilated eye exam should be performed, 
especially if associated with a decrease in vision or worsening of symptoms, to 
ensure that there is no chorioretinal spread.  

    Atypical Viral Pathogens 

 Many viruses can cause conjunctivitis with a range of clinical appearances from a 
mild follicular reaction to signifi cant membrane development with associated kera-
titis; Epstein–Barr virus [ 27 ], cytomegalovirus [ 28 ], paramyxovirus [ 5 ], or togavi-
rus [ 29 ] may be involved. Molluscum contagiosum, secondary to poxvirus, is often 
associated with lid margin lesions that are raised, umbilicated, and fl esh colored, as 
depicted in Fig.  4.3 . Surgical removal [ 30 ] and other treatment options such as topi-
cal cidofovir [ 31 ] have been tried with some success for molluscum lesions.

   Interest in fl avivirus infection has increased since the 2015 outbreak of Zika 
virus in Latin America. The viruses that cause dengue, yellow fever, Japanese 
encephalitis, and West Nile disease are also fl aviviruses. Zika virus can present with 
a maculopapular skin rash, fever, arthralgias, and conjunctivitis; these signs and 
symptoms are similar to those of dengue and chikungunya [ 32 ]. Treatment is typi-
cally supportive and conservative management is recommended for all of the above-
mentioned viral pathogens. Travelers to endemic areas are recommended to take 
proper precautions to avoid mosquito bites, as treatment is mainly preventative [ 33 ].   

    Bacterial Conjunctivitis 

 Bacterial infection is the second most common cause of conjunctivitis overall and is 
the source of most cases in children; it presents more frequently in winter [ 34 ]. 
Spread is typically through oculodigital contact or fomites [ 34 ,  35 ], but infection 
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can result from abnormal proliferation of native fl ora, trauma, and oculogenital or 
transvaginal spread as in neonatal conjunctivitis [ 26 ,  36 ]. Moreover, certain virulent 
pathogens can invade intact conjunctival and corneal epithelial surfaces, leading to 
deeper spread and even to perforation of the globe [ 17 ]. 

     Staphylococcus  

 Staphylococcal species are the most common pathogens of adult bacterial con-
junctivitis [ 36 ]. Acute bacterial conjunctivitis secondary to  Staphylococcus 
aureus  presents as a mucoid or mucopurulent, papillary conjunctivitis that affects 
the bulbar more than the palpebral conjunctiva. Typically, there is an associated 
matting and sticky closure of the eyelashes. It can become a chronic conjunctivi-
tis if there is an associated blepharitis. Other normal eyelid fl ora includes 
 Staphylococcus epidermidis , which can also become a chronic blepharoconjunc-
tivitis [ 37 ].  

  Fig. 4.3     Upper image : 
dome-shaped, waxy lesion 
suggestive of molluscum 
contagiosum, secondary to 
the poxvirus.  Lower image : 
follicular conjunctivitis 
secondary to molluscum       
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     Streptococcus  

 Although any streptococcal species can cause conjunctivitis, the second most com-
mon cause of bacterial disease is  Streptococcus pneumoniae . It occurs more com-
monly in temperate climates during the winter and is observed more frequently in 
children [ 38 ]. Acute disease is associated with a mucopurulent discharge and a pap-
illary reaction, as seen in other bacterial conjunctivitises.  

     Haemophilus  

  Haemophilus infl uenzae  is the most common cause of bacterial conjunctivitis in 
young children [ 38 ,  39 ]. There is an encapsulated and a nonencapsulated form [ 17 ]. 
The encapsulated form often presents with mucoid or mucopurulent conjunctivitis 
that is highly contagious and requires treatment for resolution and prevention of 
recurrence [ 3 ,  17 ]. The nonencapsulated form is prevalent in more temperate envi-
ronments and is seen in the springtime. It is often associated with upper respiratory 
tract infections and  H. infl uenza -associated otitis media [ 38 ]; this form is self- 
limiting and often resolves within 1–2 weeks of onset [ 3 ,  17 ].  

     Moraxella  

  Moraxella catarrhalis  can cause a chronic conjunctivitis and is often associated 
with an angular blepharitis [ 17 ].  

    Neisseria 

  Neisseria gonorrhoeae  causes a hyperacute, profuse, and purulent conjunctivitis accom-
panied by severe chemosis, eyelid swelling, and keratitis [ 40 ]. The incubation period is 
typically 3 days to 3 weeks, and the urethral symptoms often precede the ocular fi ndings 
by several weeks [ 40 ]. Still, cases without any urethral discharge and longer incubation 
periods have been reported [ 41 ]. If inadequately treated, gonococcal conjunctivitis can 
progress rapidly and may lead to corneal perforation within 24 h. Aggressive systemic 
therapy with antibiotics can reduce the risk of vision loss associated with perforation 
and other signifi cant sequelae. The Centers for Disease Control recommend that patients 
being treated for gonococcal conjunctivitis be hospitalized and given high-dose paren-
teral antibiotics for 5 days [ 42 ]. Recently, there has been an increased incidence of 
gonococcal conjunctivitis, as well as increased levels of resistance to penicillin [ 40 ,  43 ]. 
Thus, cases that have rapid progression, that are refractory to treatment, or where there 
is a high suspicion for a sexually transmitted disease should have cultures and sensitivi-
ties performed in order to rule out more virulent or resistant pathogens.  
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     Chlamydia  

  Chlamydia trachomatis  is the primary species that causes conjunctivitis. Serovars 
A-C are associated with trachoma, the leading cause of preventable blindness 
worldwide [ 44 ]. The disease spreads via direct contact but also can be transmitted 
via fomites and fl ies; low socioeconomic status is a signifi cant risk factor [ 18 ,  44 , 
 45 ]. Trachoma manifests as a follicular conjunctivitis with mucoid discharge and 
hyperemia. In the later stages of the disease, classic fi ndings include Herbert’s pits 
along the limbus and Arlt’s line along the superior tarsus. The infl ammatory phase 
is followed by cicatricial changes; the stages of the disease are listed in Table  4.4  
[ 44 ,  46 ].

   Serovars D-K cause inclusion conjunctivitis, a sexually transmitted disease 
that is seen more commonly in industrialized nations [ 47 ]. It presents as a fol-
licular reaction in adults about 1–2 weeks after inoculation, which occurs via 
direct contact with genital secretions and can be seen in up to 2 % of patients 
with urogenital  Chlamydia  infection [ 48 ]. Though less virulent, similar to gonor-
rheal conjunctivitis, it must be treated as a systemic disease requiring oral treat-
ment with doxycycline or azithromycin [ 49 ]. Neonatal disease is discussed 
separately below. 

 Additionally, serovars L1–3 lead to lymphogranuloma venereum. In patients 
with high-risk sexual activity and a chronic follicular conjunctivitis, this rare 
entity should remain on the differential.  Chlamydia psittaci , in patients who 
handle pigeons and certain other birds, may also present with a rare follicular 
conjunctivitis [ 50 ].  

    Atypical Bacterial Pathogens 

 Any number of bacteria can cause conjunctival infl ammation, typically manifest-
ing as a papillary conjunctivitis with a granulomatous component. One example is 
 Bartonella henselae , which causes cat-scratch disease [ 51 ]. Cat-scratch disease 
can present with a nodular conjunctivitis and local lymphadenopathy and is a lead-
ing cause of Parinaud’s oculoglandular syndrome. There may be history of a cat 
scratch, though this is not necessary [ 52 ,  53 ]. The list of possible pathogens 

  Table 4.4    Stages of 
trachoma [ 44 ,  46 ]  

 TF: Follicular infl ammation – fi ve or more follicles 
(0.5 mm) in upper tarsus 
 TI: Intense infl ammation – signifi cant tarsal thickening that 
obscures > ½ of the deep vessels 
 TS: Trachomatous scarring – tarsal scarring 
 TT: Trachomatous trichiasis – one or more eyelashes rubbing 
on surface 
 CO: corneal opacity – opacifi cation over the pupil 
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causing oculoglandular conjunctivitis is extensive [ 54 ], but  Francisella tularensis  
[ 54 ],  Mycobacterium tuberculosis  [ 55 ], and  Treponema pallidum  [ 56 ] are high in 
the etiological differential diagnosis. Any of these organisms can cause granulo-
matous infl ammation. If risk factors are present and the clinical picture is not that 
of a typical form of conjunctivitis, conjunctival scrapings should include acid fast 
and gram stains as well as cultures on Löwenstein–Jensen medium and chocolate 
agar. Giemsa stain and Sabouraud agar can be added if there is suspicion for a 
fungal etiology. Table  4.5  lists the most likely cause of Parinaud’s oculoglandular 
syndrome.

        Neonatal Conjunctivitis (Ophthalmia Neonatorum) 

 Ophthalmia neonatorum is a sight-threatening disease that manifests within the fi rst 
3–4 weeks of life and requires urgent treatment. Time to incubation and onset of 
disease are important factors in determining the cause of disease. Most often, neo-
natal conjunctivitis presents as a hyperacute papillary reaction; a follicular response 
is atypical before 6–8-week postpartum due to an inability to mount an immune 
response until that age [ 57 ]. 

 Noninfectious conjunctivitis, or chemical conjunctivitis, often presents within 
the fi rst 24–48 h of birth [ 58 ] and is generally secondary to the use of silver nitrate 
solution for prophylaxis against ophthalmia neonatorum. Chemical conjunctivitis is 
much less common in current neonatal practice, as the less toxic erythromycin oint-
ment or povidone iodide eye drops have replaced silver nitrate solution for prophy-
laxis against ocular infections. 

 Conjunctivitis in the neonate can be secondary to infection with bacterial, viral, 
or rarely fungal organisms. Gonococcal conjunctivitis usually presents within 2–5 
days after birth and will manifest with copious thick, purulent discharge [ 59 ] Urgent 
treatment is required in order to prevent scarring and corneal perforation. Other less 
common causes of bacterial neonatal conjunctivitis include  Haemophilus  spp., 
 Streptococcus pneumoniae , and  Staphylococcus aureus  [ 60 ,  61 ]. Neonatal inclu-
sion conjunctivitis is caused by  C. trachomatis  and is the most common cause of 
infectious neonatal conjunctivitis in the industrialized world [ 62 ]. It typically 
 presents between 5 and 14 days after rupture of membranes. While membranes and 
conjunctival scarring can cause long-term sequelae, the disease is typically 

  Table 4.5    More frequent 
causes of Parinaud’s 
oculoglandular syndrome  

 Cat-scratch  B. henselae  
 Tularemia 
 Sporotrichosis 
 Tuberculosis 
 Syphilis 
 Coccidioidomycosis 

  Adapted from Gruzensky [ 54 ], which contains the complete 
differential  
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 self-limiting. Systemic treatment is required because chlamydial pneumonitis is 
often associated with this condition [ 58 ,  63 ]. 

 Herpes-related neonatal conjunctivitis typically presents 6–14 days after birth 
and is associated with eyelid swelling and a watery discharge. In addition to a vesic-
ular skin rash, the cornea may be involved. Similar to chlamydial conjunctivitis, 
herpetic conjunctivitis needs to be treated systemically due to the mortality rate 
associated with disease dissemination [ 64 ]. 

 Though infrequent, conjunctivitis due to infection by  Candida  spp. has been 
reported and typically will present fi ve or more days after birth [ 6 ,  57 ]. Table  4.6  
describes time to onset for neonatal conjunctivitis, as well as treatment options 
[ 65 – 67 ].

       Diagnostic and Treatment Algorithm 

 Guidelines for treatment of conjunctivitis vary based on the characteristics of a 
given patient population (adults, neonates, the presence or absence of specifi c risk 
factors). Nevertheless, certain pathogens are seen at such a high frequency that an 
algorithm based on onset of disease can be used for most clinic situations 
(Fig.  4.1 ). 

 Meta-analysis of clinical features that would help accurately identify the type of 
infectious conjunctivitis shows that complete redness of the conjunctiva including 
tarsus, purulent discharge, and matting of both eyes in the morning increases the 
likelihood of a bacterial source [ 68 ]. Matting of the eyelids is the most important of 

    Table 4.6    Neonatal conjunctivitis: diagnosis and treatment   

 Time to onset 
(postpartum)  Likely pathogen  Treatment 

 24–48 h  Chemical  Artifi cial tears and lubrication 
 2–5 days   Neisseria 

gonorrhoeae  
 Ceftriaxone 125 mg IM ×1 [ 60 ] OR 
 Cefotaxime 25 mg/kg IM or IV BID-TID × 7 days 
[ 65 ] OR 
 Penicillin G 100,000 U/kg/day IV divided QID × 7 
days [ 58 ,  66 ] 
 PLUS saline irrigation 

 5–14 days   Chlamydia   Erythromycin 12.5 mg/kg/day PO or IV divided QID 
× 14 days OR 
 Azithromycin 20 mg/kg PO daily × 3 days 
 PLUS erythromycin 0.5 % ointment QID [ 49 ] 

 >5 days  Fungal ( Candida )  Natamycin 5 % drops Q1 hour × 14 days [ 6 ] 
 1–2 weeks  Herpes simplex  Acyclovir 30 mg/kg/day × 10 days OR 

 Vidarabine 30 mg/kg/day × 10 days 
 PLUS topical drops or ointment (trifl uorothymidine 
1 % Q2 hour OR ganciclovir ointment 5×/day) [ 59 , 
 66 ,  67 ] 
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these three factors [ 69 ]. Classically, preauricular lymphadenopathy is associated 
with viral conjunctivitis; however, this has not been shown to be diagnostically 
accurate [ 68 ]. 

 Conjunctival cultures are not performed routinely but are indicated in cases of 
recurrent or recalcitrant disease, high suspicion for gonococcal or chlamydial infec-
tion, or in cases of neonatal conjunctivitis. Frequently used smears and culture 
media are listed in Tables  4.7  and  4.8 , as it is imperative to culture on media that is 
most likely to grow the suspected organism.

    In-offi ce rapid antigen testing for adenoviral conjunctivitis can be instituted in 
the primary care setting; this may lead to a reduction in inappropriate therapy and 
visits [ 8 ]. This testing could also be useful in the ophthalmologist’s offi ce, as it is 
relatively inexpensive and provides the patient with the reassurance needed to con-
tinue with conservative management when indicated [ 21 ]. The mainstay of treat-
ment for adenoviral conjunctivitis is conservative management with cool compresses 
and artifi cial tears. Strict hand-washing and limiting the spread of the disease by 
using separate hand towels, pillowcases, and refraining from going to regularly 
scheduled crowded places like day-care and work are important factors to discuss 
with the patient. 

 Herpes-related conjunctivitis typically has additional clinical features with pos-
sible involvement of the eyelids, cornea, and sclera. If the clinical picture remains 
unclear, shave biopsy of eyelid lesions, viral culture of the fornix, or impression 
cytology of corneal epithelial lesions can be performed. Herpes-associated conjunc-
tivitis often resolves on its own. If there is corneal involvement or if symptomatic 

   Table 4.7    Frequently used smears and their corresponding organisms   

 Stain  Organisms seen 

 Gram stain  Bacteria (gram positive vs. gram negative), fungi, 
 Acanthamoeba  

 Giemsa stain  Bacteria, fungi,  Chlamydia ,  Acanthamoeba  
 Acid fast   Mycobacterium ,  Nocardia  
 Calcofl uor white  Fungi 

   Table 4.8    Frequently used culture media and the common isolates grown on them   

 Culture media  Common isolates  Comment 

 Blood agar  Aerobic and facultative anaerobic bacteria  Incubate at 35° 
 Chocolate agar  Primarily anaerobic bacteria and facultative 

anaerobic, but may also grow aerobic 
 Incubate at 35° 

 Sabouraud agar  Primarily fungi, but may also grow fi lamentous 
bacteria, i.e.,  Nocardia  spp. 

 Incubate at room 
temperature 

 Thioglycollate broth  Aerobic, anaerobic, and facultative anaerobic 
bacteria 

 Incubate at 35° 

 Lowenstein–Jensen 
medium 

  Mycobacterium  and  Nocardia  spp.  Incubate at 35° 

 Thayer–Martin agar   Neisseria  spp.  Incubate at 35° 
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relief is needed, a 10-day course of antivirals should be used. Conjunctivitis second-
ary to atypical viruses is treated conservatively. Common causes of bacterial con-
junctivitis and useful topical medications are listed in Table  4.9 .

   For many cases of viral or bacterial conjunctivitis, follow-up can be scheduled 
for 7–14 days after initial symptoms or fi rst clinic visit based on the extent of dis-
ease. Typically, if patients are asymptomatic and have no visual complaints, they do 
not require a repeat ophthalmic examination. The authors leave follow-up for sim-
ple conjunctivitis up to the patient. In cases where there are pseudomembranes, risk 
for symblepharon formation, and visually signifi cant subepithelial infi ltrates, visits 
should be scheduled more frequently and compliance stressed. Membranes should 
be peeled every 3–5 days, if not more frequently, and sequelae of aggressive disease 
monitored closely. Therapy should be tailored based on etiology. Common treat-
ment options are listed in Table  4.10 .

   Conjunctival infection that arises as a complication of surgical or nonsurgical trauma 
rarely remains limited to the conjunctiva. If there is signifi cant pain, decrease in vision, 
or conjunctival injection that does not blanch with a drop of phenylephrine, a full dilated 
eye examination should be performed so that conjunctival epithelial defects, lacera-
tions, foreign bodies, uveitis, or any posterior segment involvement can be identifi ed. 

   Table 4.9    Common bacterial pathogens and their treatment in adults   

 Pathogen 
 Type of 
conjunctivitis  Treatment 

  Neisseria   Hyperacute  Ceftriaxone 1 g IM PLUS saline 
lavage [ 42 ] 

 Gram-positive bacteria ( S. aureus  
or  S. pneumoniae ) 

 Acute  Vancomycin 
 Cefazolin 
 Fluoroquinolones (4th generation) 

 Gram-negative ( H. infl uenza )  Acute  Tobramycin 
 Gentamicin 
 Ceftazidime 
 Fluoroquinolones 

   Table 4.10    Management options for acute conjunctivitis   

 Artifi cial tears during day and ointment at night for adults and school-aged children 
 Artifi cial tear ointment in infants and toddlers 
 Strict hand-washing 
 Cool compresses 
 Avoid direct contact with others for 1–2 weeks 
 Antibiotic eye drops for bacterial conjunctivitis 2–4×/day 
 Steroid eye drops if associated subepithelial corneal infi ltrates with VA < 20/40 
 Steroid eye drops for membranous conjunctivitis 
 Membrane peeling 
 Symblepharon ring +/− amniotic membrane to prevent aggressive membranes from forming a 
symblepharon 
 Rapid antigen testing or cultures to verify etiology or when conjunctivitis persists > 4 weeks 
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 Neonatal conjunctivitis requires rapid, accurate diagnosis and treatment. The 
time of onset, mother’s medical history, and cultures are key factors to determine the 
underlying cause. Table  4.6  lists the most likely causes of neonatal conjunctivitis 
based on onset of disease and describes available treatments. 

    Additional Treatment Options 

 Steroids are rarely required when treating conjunctivitis and may prolong the dis-
ease course by increasing viral shedding. They may also exacerbate the disease if the 
conjunctivitis is accompanied by herpetic epithelial keratitis or a fungal infection. 

 Still, judicious use is indicated in cases that are associated with a strong infl am-
matory component, such as pseudomembranes or corneal subepithelial infi ltrates 
causing vision less than 20/40 on the Snellen chart. For patients with recurrent, 
aggressive membranes, especially those who cannot be seen for frequent visits, 
symblepharon rings may be an option (Fig.  4.4 ), as well as amniotic membrane on 
a ring or sutured to the conjunctiva and positioned in the fornix.

        Prognosis 

 Most cases of conjunctivitis, whether viral or bacterial, are self-limiting and resolve 
without any visually signifi cant sequelae [ 26 ]. Infection with an aggressive viral 
strain or resistant bacteria may lead to symblepharon formation and post-infectious 

  Fig. 4.4    Plastic ring 
placed within the fornices 
to prevent further 
cicatrization and 
symblepharon formation. 
Amniotic membrane 
attached to the ring 
(ProKera) or sutured in 
place to cover the fornices 
can be used for additional 
treatment       
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cicatrization. If treated appropriately and aggressively early in the disease course 
with judicious use of steroids or physical removal, permanent damage may be 
avoided. When dealing with virulent pathogens like  N. gonorrhoeae  or potentially 
chronic, progressive conditions like chlamydial conjunctivitis, early diagnosis and 
aggressive treatment that includes systemic therapy can limit damage to the ocular 
surface and prevent visual compromise. Ultimately, preventing spread of disease is 
critical and remains the mainstay of treatment, as most conjunctivitis is secondary 
to direct inoculation via hand–eye touch or fomites.     
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    Chapter 5   
 Corneal Infection and Ulceration                     

     Seth     M.     Pantanelli       and     Tayyeba     K.     Ali     

           Introduction 

 Microbial keratitis is a common, sight-threatening infection of the cornea that 
results in a reactive infl ammatory response. Infection may be caused by bacteria, 
viruses, fungi, or parasites. Normal lid function, tear fi lm constituents, and the cor-
neal epithelium all act as effective barriers against these organisms. However, a 
defect in any one of these defenses (e.g., lid function) can cascade and cause failure 
of the others (e.g., dry eye, integrity of the corneal epithelium). Likewise, external 
insults (e.g., trauma) can directly injure the corneal epithelium and create a passage 
by which organisms may enter the deeper cornea. As the organisms invade and pro-
liferate, they cause release of infl ammatory cytokines and matrix metalloprotein-
ases, which in turn lead to proteolytic stromal degradation, tissue necrosis, and 
corneal thinning or ulceration. 

 Clinically, the diagnosis of microbial keratitis is not always straightforward. It 
must be differentiated from autoimmune causes of corneal ulceration like rheuma-
toid arthritis-associated peripheral ulcerative keratitis or neurotrophic ulceration 
secondary to previous herpes zoster ophthalmicus (HZO). Moreover, microbial 
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keratitis can coexist with one of these other causes for the ulcer. Generally speaking, 
a high index of suspicion for infection must be maintained. When there is doubt as 
to the cause of ulceration, empiric cultures and treatment with broad-spectrum anti-
biotics are the mainstay of initial therapy. 

 The short-term goal of the clinician should be to clear the infection and prevent 
corneal perforation, endophthalmitis, or loss of the eye. To achieve this, the astute 
clinician will usually treat empirically and conservatively with broad-spectrum anti-
biotics to start. Tapering or modifying the medications is guided by culture results, 
response to therapy, or a clear decompensation in the clinical picture as represented 
by corneal perforation, extension of the infection to or beyond the limbus, or endo-
phthalmitis. When devastating complications occur, surgical therapy is then indi-
cated. On the other hand, most infections can be halted and the infl ammatory 
response quelled. With patience, effort may then slowly be shifted toward vision 
restoration.  

    Epidemiology of Corneal Infection 

 The incidence of microbial keratitis is not accurately known. It was estimated that, 
in 1992, there were approximately 30,000 cases per year in the United States [ 1 ,  2 ]. 
Although there are not any more recent estimates, the incidence within the United 
States, and other industrialized nations, is likely to increase over time with the 
increasing prevalence of contact lens use – one of the most common risk factors for 
microbial keratitis. Estimating its incidence has become more challenging with the 
availability of commercialized fourth-generation fl uoroquinolones (e.g., Vigamox 
(moxifl oxacin)). Having easy access to these effective topical medications has led 
to the widespread adoption of empiric treatment by those that lack resources to 
perform corneal scraping and cultures; thus, fewer patients are making their way 
to tertiary care centers where estimates of incidence might be more easily 
ascertained. 

 Of the 40 million people affected by blindness worldwide, approximately half are 
due to either cataract or trachoma [ 3 ]. In contrast, infectious keratitis is thought to be 
responsible for 5 % of the world’s unilateral blindness. As a result, its importance is 
often overlooked and underappreciated. Worldwide, there are still 1.5–2.0 million 
new cornea infections (not including viral) each year [ 4 ]. The developing world 
bears the majority of this burden – in the United States, the incidence of microbial 
keratitis is estimated to be 11.0 per 100,000, while in Madurai, India, it is 113.0 per 
100,000 [ 5 ]. Examined another way, there are approximately 1500 new cases of 
microbial keratitis per year in Great Britain but possibly as many as 840,000 per year 
in India [ 6 ]. In China, 85 % of corneal blindness is due to microbial keratitis [ 7 ,  8 ]. 

 Most cases of microbial keratitis can be treated medically. However, complica-
tions including corneal perforation or endophthalmitis are reasons for surgery. The 
risk of endophthalmitis in the setting of microbial keratitis is thought to be 
 approximately 0.5 % [ 9 ]. Risk factors for progression to endophthalmitis include a 
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fungal etiology, use of topical steroids, or infectious keratitis developing adjacent to 
a surgical wound. Similarly, between 0.5 and 1.0 % of microbial keratitis cases in 
the United States require a surgical intervention. These might include corneal glu-
ing, corneal transplant, pars plana vitrectomy for endophthalmitis, or evisceration/
enucleation. The need for surgical interventions in developing countries is likely 
just as great or greater, but the lack of an eye banking infrastructure may limit the 
number of people that receive those services.  

    Host Defenses (Table  5.1 ) 

    The human eye has so many defense mechanisms in place that it is a wonder any 
organism can evade them all and cause infection. The orbital rim and eyelids serve 
as a physical barrier against penetration by large blunt objects. Likewise, the eye-
brows and eyelashes prevent small particles from trickling into the eye. The blink 
refl ex has two important functions – fi rst, it is a rapid and involuntary activation of 
the physical lid barrier; secondly, it rinses tears over the eye and washes away for-
eign matter or microorganisms. Similarly, the Bell’s phenomenon, or upward and 
outward movement of the eye that occurs with lid closure, protects the cornea from 
direct trauma. 

 The tear fi lm, which is continually renewed and replaced, not only dilutes toxins 
but also contains natural antimicrobial proteins [ 10 ]. The aqueous layer contains 
lysozyme, the most abundant tear fi lm protein, and beta-lysine, which are both espe-
cially effective in lysing the cell walls of bacteria. Lactoferrin binds iron used in 
microbial metabolism. Immunoglobulins IgA and IgG prevent bacterial adherence 
by neutralizing critical surface receptors. They also promote phagocytosis and 
 complement mediated cell lysis. The lipid and mucin layers of the tear fi lm are also 
important, as they help to stabilize both the inner and outer surfaces of the aqueous 
layer; a defi ciency in either of these decreases the tear breakup time and creates an 

  Table 5.1    Host defenses   Host defenses 

 Orbital rim 
 Eyelids 
 Eyebrows/eyelashes 
 Blink refl ex 
 Bell’s phenomenon 
 Tear fi lm 
   Lysozyme 
   Beta-lysine 
   Lactoferrin 
   Immunoglobulins IgA/IgG 
   Complement 
 Conjunctiva-associated lymphoid tissue (CALT) 
 Corneal epithelium 
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opportunity for microorganisms to gain access to the corneal epithelium [ 11 ]. 
Finally, the conjunctiva-associated lymphoid tissue (CALT) contains B lympho-
cytes, which, when bound by an antigen, trigger an infl ammatory cascade via release 
of cytokines [ 12 ]. 

 The corneal epithelium is the defense mechanism of last resort. It forms a barrier 
by adhering to adjacent epithelial cells via desmosomes and tight junctions and to 
the basement membrane via hemidesmosomes. There are only a few pathogenic 
organisms known to have the ability to penetrate intact epithelium, namely, 
 Neisseria ,  Haemophilus infl uenzae ,  Listeria ,  Corynebacterium , and  Shigella  spp. 
Other organisms require a prior insult that disrupts the normal epithelial architec-
ture and exposes the underlying corneal stroma.  

    Risk Factors (Table  5.2 ) 

       Intrinsic 

 Isolated problems with the host defenses listed above contribute to the existence of 
ocular surface disease. A decreased or absent blink refl ex or Bell’s response, as seen 
in patients with Parkinson’s disease, the elderly, or the unconscious, compromises 
the lid as an effective barrier to trauma. It also prevents the redistribution of all three 
layers of the tear fi lm and puts the epithelium at risk for exposure and erosion. 
Vitamin A defi ciency might result in a defi cient mucin layer, Sjögren’s syndrome or 

   Table 5.2    Risk factors   

 Risk factors 

 Intrinsic  Extrinsic 

 Abnormal/absent blink refl ex  Tropical/humid climate 
 Abnormal/absent Bell’s response  Trauma 
   Parkinson’s disease  Agricultural habitat 
   Elderly  Exposure to contaminated water 
   Intubated/unconscious  Contact lens use 
 Abnormal tear fi lm  Previous ocular surgery 
   Mucin layer  Topical steroids 
    Vitamin A defi ciency  Contaminated topical medications 
   Aqueous layer  Topical anesthetic abuse 
    Rheumatoid arthritis 
    Sjögren’s syndrome 
   Lipid layer 
    Rosacea 
    Meibomian gland dysfunction 
    Chronic cicatrizing conjunctivitis 
 Neurotrophic keratopathy 
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rheumatoid arthritis might result in a defi cient aqueous layer, and rosacea might 
result in meibomian gland dysfunction and an abnormal lipid layer. Obliteration of 
the meibomian glands from a chronic cicatrizing conjunctivitis like Stevens-Johnson 
syndrome or ocular cicatricial pemphigoid might also result in a defi cient lipid 
layer. Ocular infection with herpes simplex virus (HSV) or reactivation of the vari-
cella zoster virus (VZV) along the ophthalmic division of the trigeminal nerve (V1) 
leads to a neurotrophic cornea. This in turn is thought to disrupt normal refl ex tear-
ing, which results in dry eye and sterile neurotrophic corneal ulcers. Even uncon-
trolled, long-standing diabetes can cause a “peripheral neuropathy” of the cornea. 
All of the above “fi rst hits” lead to punctate epithelial erosions and epithelial defects, 
which are chronically at risk for superinfection.  

    Extrinsic 

 Local climate contributes to the frequency of microbial keratitis. Increasing tem-
perature, from either proximity to the equator or change in season, is directly pro-
portional to the number of infections seen within a region. Tropical climate also 
seems to correlate strongly with the proportion of infections with a fungal etiology. 
In South India, the incidence of fungal keratitis is higher between June and 
September than the rest of the year [ 13 ]. In Hong Kong, the fungal/bacterial ratio is 
1:17 but ranges between 1:5 (Singapore) and 1:2 (South India) in more tropical 
climates [ 14 ]. While the temperature and humidity are both strongly correlated with 
the frequency of infection, humidity itself does not appear to be an independent risk 
factor for a particular type of infection (e.g., fungal) [ 15 ]. 

 The industrialization, or lack thereof, of a person’s habitat also contributes to his 
or her risk for microbial keratitis and the profi le of organisms he or she is most vul-
nerable to. People living in rural habitats may have occupations centered on agricul-
ture; trauma, especially with vegetable matter, is strongly correlated with developing 
microbial keratitis, in particular fungal keratitis [ 16 ,  17 ]. Exposure to contaminated 
water may also increase the risk of microbial keratitis. For example, it has been sug-
gested that changes to the water disinfection practices in Chicago, Illinois, enforced 
between 2002 and 2004 are responsible for the ongoing outbreak of Acanthamoeba 
keratitis in that metropolitan area [ 18 ,  19 ]. 

 Contact lens use is the strongest risk factor for microbial keratitis in developed 
countries. The overall incidence of microbial keratitis in the United States is 11 per 
100,000, but the incidence among contact lens wearers is between 2- and 20-fold 
higher, depending on the lens type and pattern of use [ 20 ]. Rigid gas permeable 
lenses appear to increase the risk the least of all lens types (12 per 100,000), low Dk 
lenses increase the risk moderately (19–22 per 100,000), and silicone hydrogel 
lenses increase the risk the most (55–119 per 100,000). Overnight use of any con-
tact lens dramatically increases the risk over daily use (195–254 per 100,000), and 
there is a strong correlation with the duration of continuous overnight wear. As the 
number of contact lens users in the United States increases, the proportion of 
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 microbial keratitis cases associated with contact lenses has also increased and is 
most recently reported to be as high as 44 % [ 21 ]. Orthokeratology lenses have also 
been implicated in microbial keratitis, and the incidence with these lenses is similar 
to that of other overnight wear lenses [ 22 ]. One multipurpose disinfecting solution, 
ReNu with MoistureLoc (Bausch & Lomb, Rochester, NY), was implicated in 
 Fusarium  outbreaks in Singapore and the United States between 2004 and 2006 
before being subsequently removed from the global market in May of 2006 [ 23 ]. 

 Trauma is a signifi cant risk factor for infection; as such, it is unsurprising that a 
history of ocular surgery also puts patients at risk [ 24 ]. The pathogenesis for infec-
tion in these eyes likely depends on whether it occurs in the immediate postopera-
tive period, subacutely, or chronically. When the infection occurs early, it may be a 
direct result of an epithelial defect of which an invading microorganism subse-
quently takes advantage. This temporal relationship between the creation of an epi-
thelial defect and acutely documented infection has been well studied in patients 
receiving LASIK or surface ablations, where 36–72 % of all infections occur within 
the fi rst 7 days [ 25 ,  26 ]. On the other hand, when the infection occurs late, the sur-
gery itself is less likely to be the inciting factor. Instead, a history of ocular surgery 
may simply identify an eye that was at high risk for ocular surface disease. For 
instance, eyes with a history of cornea transplant are at increased risk for late infec-
tion, but it is more likely the ocular surface disease secondary to graft failure or the 
chronic use of topical steroids that puts the eye at risk for late infection, not the 
surgery itself [ 27 ,  28 ]. 

 Contamination of topical medications was a documented cause of microbial 
keratitis in the 1980s [ 29 ], but guidelines for the preparation of sterile solutions 
have since been adopted by commercial manufacturers. On the other hand, com-
pounded medications for ophthalmic use (e.g., autologous serum tears and fortifi ed 
antibiotics) continue to play an important role in many subspecialty practices. 
Appropriate precautions and patient counseling are still warranted when prescribing 
these medications.   

    Presentation 

 The symptoms of microbial keratitis that bring a patient to the attention of a physi-
cian include eye redness, photophobia, vision loss, and pain. However, the rapidity 
of symptom onset is highly variable and dependent upon the infecting organism and 
preexisting corneal disease.  Pseudomonas aeruginosa  infection has a characteristi-
cally rapid onset that drives the patient to seek medical care within 24–48 h. In 
contrast, organisms like nontuberculous  Mycobacterium ,  Nocardia , or  Fusarium  
might have a more indolent course, and patients may not present for 5 days or more 
from symptom onset. If there is a preexisting eye condition, such as a sterile neuro-
trophic corneal ulcer that gets subsequently superinfected, presentation might be 
further delayed, as the patient might only seek care when a dramatic change in 
vision or seemingly incidental increase of redness is noticed. Likewise, presentation 
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to an ophthalmologist might be delayed if the patient is seen fi rst by another 
 healthcare provider and is treated with suboptimal antibiotics (e.g., sulfacetamide) 
or  topical steroids.  

    History and Clinical Examination 

 A carefully obtained history helps to differentiate microbial keratitis from noninfec-
tious (autoimmune/infl ammatory) keratitis, elucidate risk factors so that they may 
be altered, and counsel the patient appropriately on prognosis. The timing of symp-
tom onset (redness, photophobia, blurry vision, and pain) and duration should be 
well understood. A detailed medical history should include a list of systemic dis-
eases, with special attention to the presence of any autoimmune or immune- 
compromising conditions. Even a history of poorly controlled diabetes can be 
important, as it can clue the physician in to the possibility of a neurotrophic cornea. 
Ocular history should focus on any previous surgery, current topical medications, 
and whether the patient has had a previous episode of herpes simplex virus keratitis 
or herpes zoster ophthalmicus. A history of ptosis repair associated with an infec-
tious ulcer inferiorly may suggest exposure as the risk factor most responsible for 
the infection. Likewise, a recent history of LASIK might increase suspicion for an 
atypical organism like  Mycobacterium . 

 A search for risk factors predisposing to infection is important, since risk factor 
modifi cation will help to clear the current infection and decrease the patient’s risk 
for future infections. The patient should be questioned for occupational hazards 
(e.g., agricultural work), a recent history of trauma, and exposure to freshwater, 
swimming pools, hot tubs, or contact lens use. If there is a history of trauma, know-
ing whether the object contained vegetable matter (e.g., tree branch) will help to 
gauge the patient’s risk for fungal keratitis. If the patient is a contact lens user, the 
physician should document the type of contact lens and precise cleaning solution 
used. Contact lens hygiene can be assessed by asking the patient how often the 
lenses are designed to be replaced, how often the patient actually replaces them, and 
whether they sleep in the contact lenses. Knowing the answers to these questions 
establishes the foundation for a conversation on contact lens hygiene, so that ques-
tionable habits can be identifi ed and corrected later if the patient wishes to use them 
again. 

 The purpose of the clinical examination is to evaluate for any predisposing fac-
tors not already disclosed in the history, document the severity of the disease, and 
narrow the differential diagnosis so that appropriate workup and treatment can be 
instituted. The exam starts with documentation of visual acuity, which should cor-
relate with the anterior segment fi ndings. Next, corneal sensation should be ascer-
tained, before the instillation of a topical anesthetic. Intraocular pressure is then 
tested. Examination is best begun with the lights on and without the ophthalmic 
microscope. The patients face should be examined grossly, at fi rst, for rash (e.g., as 
in HZO), facial droop, and both the quality and frequency of blink function 
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(e.g., decreased in elderly or patients with Parkinson’s disease). The level of con-
junctival hyperemia is also usually best ascertained without the microscope. Slit-
lamp biomicroscopy can then be used to look at the puncta for evidence of chronic 
infl ammation and stenosis, lashes for trichiasis or collarettes suggestive of blepha-
ritis, and meibomian glands for inspissation or dysfunction. The lid margin should 
be inspected for keratinization. Both the superior and inferior fornices should be 
inspected for the presence of follicles, papillae, membrane formation, cicatrization, 
ulceration, or foreign bodies. The bulbar conjunctiva and sclera are then similarly 
assessed for injection, ulceration, and ischemia. Limbal ischemia or neovasculariza-
tion should be noted; the latter is especially important as it is suggestive of either a 
long-standing preexisting condition or chronicity of the active process under 
question. 

 Attention is then turned toward the cornea. The location of any infi ltrate is care-
fully documented and usually referred to as central, paracentral, mid-peripheral, or 
peripheral. The widest and shortest dimensions of the infi ltrate are measured and 
recorded, as is the presence or absence of an overlying epithelial defect. The infi l-
trate can be further characterized as discrete, feathery, multicentric with satellite 
lesions, suppurative, necrotic, or crystalline. Any areas of corneal thinning should 
be noted. If the cornea is perforated, an attempt should be made to estimate the size 
of the perforation and assess whether it is actively leaking or has been sealed by 
prolapsed iris tissue. Finally, the endothelium is inspected for the presence of 
plaques or keratic precipitates. 

 The remainder of the slit-lamp exam focuses on evaluation for intraocular infl am-
mation and spread of infection. The anterior chamber is assessed for cell, fl are, and 
the presence of fi brin or a hypopyon. The eye is dilated unless a contraindication 
exists, and vitritis, retinitis, or choroiditis ruled out. If the view is poor through the 
corneal infi ltrate, a B-scan ultrasound can help to rule out endophthalmitis.  

    Enumeration and Presentation of Pathogens 

 It is helpful to know which organisms are the most infectious isolates within a 
region. Knowing the risk factors that put patients at risk for specifi c organisms is 
also helpful. However, there is considerable overlap in the history and clinical pre-
sentation among patients infected with bacteria, fungus, parasites, and even viral 
isolates. It cannot be overemphasized that speculative treatment for suspected organ-
isms is likely to result in a high proportion of incorrectly diagnosed and managed 
ulcers. In one study, cornea specialists were only able to differentiate between bacte-
rial and fungal ulcers 66 % of the time [ 30 ]. As such, a more universally accepted 
strategy is to provisionally start all patients on broad-spectrum antimicrobials that 
cover the majority of isolates found in a region and simultaneously perform micro-
biologic workup (e.g., cultures, stains, confocal microscopy) that might allow for 
tailoring of treatment later. With that being said, an attempt will be made to identify 
characteristic features and treatment recommendations for a few causal organisms. 
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    Staphylococcus spp. 

 Staphylococci are gram-positive cocci and are part of the normal human skin fl ora. 
The two species most relevant to cornea infections include  Staphylococcus aureus  
and  Staphylococcus epidermidis . Both are facultative anaerobes; however,  S. aureus  
is coagulase positive and  S. epidermidis  is coagulase negative. The leading risk fac-
tor for  Staphylococcus  keratitis is ocular surface disease, but whether the surface 
disease itself is caused by  Staphylococcus  colonization or some other cause requires 
careful consideration [ 31 ]. For instance, severe blepharitis from  S. aureus  can cause 
meibomian gland dysfunction, dry eye, and ocular surface disease, which in turn 
can put the patient at risk for  Staphylococcus  marginal keratitis and subsequent 
abscess or ulcer formation. Alternatively, the ocular surface disease might be caused 
by HSV-associated neurotrophic keratopathy, which subsequently leads to epithelial 
breakdown and opportunistic corneal infection by  Staphylococcus  spp. Thus, under-
standing the relationship between the ocular surface disease and the microbial kera-
titis is an important step in identifying and eliminating risk factors for recurrent 
infections. 

  Staphylococcus  marginal keratitis is the most common presentation for 
 Staphylococcus -associated keratitis. The clinical picture is characterized by small, 
round, peripheral, sterile corneal infi ltrates that usually lack an overlying epithelial 
defect. This presentation is not due to a primary  Staphylococcus  infection of the 
cornea. It is a type III hypersensitivity reaction to exotoxin secreted by the bacteria 
that leads to immune complex deposition, activation of complement, neutrophil 
recruitment, and infi ltrate formation. As such, treatment is geared toward manage-
ment of the infl ammatory response and elimination of the exotoxin. Judicious use of 
topical steroids, warm compresses, and lid scrubs usually lead to symptom resolu-
tion over days to weeks. 

 When true  S. aureus  infection occurs, it produces a rapidly progressive stromal 
infi ltrate, anterior chamber reaction, endothelial plaque, and hypopyon. 
Methicillin- resistant  Staphylococcus   aureus  (MRSA) keratitis used to be con-
fi ned to the hospital setting, but an increasing number of community acquired 
isolates are being seen. One study from Taiwan found that the hospital-acquired 
MRSA isolates were also more likely to be resistant to trimethoprim/sulfa-
methoxazole [ 31 ]. Fortunately, all strains of  S. aureus  remain sensitive to topical 
fortifi ed vancomycin [ 32 ]. 

 Coagulase-negative staphylococcus is the most commonly isolated organism 
cultured from the ocular surface. In fact, it is more often considered a contaminant 
of cultures than the cause of infectious keratitis. However, this assumption is an 
oversimplifi cation, since  S. epidermidis  can cause corneal ulceration, especially in 
the injured cornea or in the elderly. Moreover, not all coagulase-negative staphylo-
coccus is  S. epidermidis ; other pathogenic organisms (e.g.,  S. hominis ,  S. lugdunen-
sis , and  S. simulans ) are identifi able with further speciation [ 33 ]. This group of 
organisms is most susceptible to vancomycin or gentamicin and has variable sus-
ceptibility to the fl uoroquinolones [ 33 ].  
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     Streptococcus pneumoniae  

  S. pneumonia e is a gram-positive, alpha-hemolytic, facultative anaerobe. Its associ-
ated keratitis most often occurs after corneal trauma or surgery [ 34 ]. It is character-
ized by rapid onset, suppuration, and vigorous anterior chamber reaction with 
endothelial fi brin plaque and hypopyon. As with other gram-positive organisms, topi-
cal fortifi ed vancomycin or cefuroxime is extremely effective and considered fi rst 
line. Gentamicin has also been found effective. Although the role for topical cortico-
steroids remains controversial for microbial keratitis in general, this may be a par-
ticular situation in which complementary treatment with antibiotics is benefi cial [ 34 ].  

     Pseudomonas aeruginosa  

  Pseudomonas  spp. are gram-negative, aerobic, bacillus bacteria. They also have the 
ability to grow in oxygen defi cient or depleted environments; as such, they might 
also be considered facultative anaerobes. They are the most common causative 
organism for microbial keratitis in contact lens wearers (specifi cally  P. aeruginosa ), 
and may account for greater than 60 % of the culture isolates in this group [ 21 ]. This 
pattern holds true in studies across the globe, including those from the United States, 
Hong Kong, and the Netherlands [ 21 ,  35 – 37 ]. The pathogenesis for this association 
is not precisely understood but is certainly driven by the ability of  P. aeruginosa  to 
form biofi lms on contact lenses. In one study in rabbits, corneas exposed to extended 
wear contact lenses had a  P. aeruginosa  bacterial load between three and eight times 
that of control eyes [ 38 ]. Additionally, the contact lens acts as a barrier between the 
cornea and the lids, allowing for adherence of the organism to the corneal surface 
without risk of being mechanically washed away with lid blink. 

  P. aeruginosa  tends to produce a rapidly progressive corneal infi ltrate. It also cre-
ates proteolytic enzymes (e.g., collagenase) that can rapidly destroy tissue and lead 
to corneal perforations. The infi ltrate is usually singular, round or oval in shape, 
white in color, and suppurative in nature (Fig.  5.1 ). It can be associated with a sig-
nifi cant anterior chamber response and sterile hypopyon.  Pseudomonas  spp. are sus-
ceptible to topical tobramycin, gentamicin, and ceftazidime. They are also susceptible 
to the fl uoroquinolones; however, the temptation to use ciprofl oxacin because of 
cost must be weighed against the possibility of resistance [ 39 ,  40 ]. Fourth-generation 
fl uoroquinolones like moxifl oxacin and gatifl oxacin are still extremely effective.

       Nocardia spp. 

  Nocardia  spp. are weakly gram-positive, variably acid-fast, aerobic bacilli. On 
culture media, they are seen to form pseudohyphae. They are a relatively rare 
cause of microbial keratitis, accounting for between 0.3 and 8.3 % of 
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culture-positive isolates [ 41 ,  42 ]. It is most often reported after minor trauma 
but has also previously been associated with ocular surgery like photorefractive 
keratectomy (PRK) [ 43 ]. Many species within this genus, including  N. transva-
lensis ,  N. asteroides ,  N. arthritidis , and  N. farcinica , have been implicated in 
causing keratitis.  Nocardia  characteristically produces an ulcer with an indolent 
course. If a patient presents early, they may complain of pain out of proportion 
to objective fi ndings, and visual acuity is generally good. This may prompt the 
clinician to diagnose the patient with noninfectious keratitis and start topical 
steroids. Even if infection is suspected, the patient might be started on fortifi ed 
vancomycin and tobramycin, a combination that is ineffective against  Nocardia  
spp. As the infection progresses, a ring-shaped, subepithelial or anterior stromal 
infi ltrate develops. The ring has a characteristic brushfi re border and consists of 
yellow-white pinhead-sized infi ltrates and satellite lesions (Fig.  5.2 ). An 
 epithelial defect, anterior chamber reaction, and hypopyon may or may not be 
present. These fi ndings might be confused with fungal keratitis or another 
 atypical bacterial infection like nontubercular mycobacterium. Once the correct 
diagnosis is made, therapy can be switched to topical amikacin. Patients must be 
followed closely for possible resistance and switched to topical compounded 
 trimethoprim +/− sulfamethoxazole if indicated [ 44 ]. Visual acuity after treat-
ment of  Nocardia  keratitis is generally better than with other causes of bacterial 
keratitis [ 45 ].

  Fig. 5.1    Pseudomonas 
corneal ulcer. Note the 
suppurative nature of the 
infi ltrates       
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       Neisseria spp. 

  N. gonorrhoeae  and  N. meningitidis  are obligate intracellular gram-negative cocci. 
 N. gonorrhoeae  is often thought of in association with neonatal conjunctivitis [ 46 ] 
but can also occur in adults [ 47 ]. If left untreated, it can quickly progress to cause 
corneal ulceration and perforation. Discharge is characteristically hyperpurulent. 
Treatment is with systemic ceftriaxone. If the patient is a neonate, it is important to 
also treat the mother and any sexual partners to prevent transmission to other adults 
or future children.  

    Nontuberculous Mycobacteria 

 Nontuberculous mycobacteria (NTM) are a group of aerobic, acid-fast mycobacte-
ria that are ubiquitously found in soil and water.  M. fortuitum  and  M. chelonae  are 
the two species most often implicated in cornea infections. Ascertaining the inci-
dence of NTM is diffi cult, but it seems that they are increasing in frequency [ 48 ]. 
This can likely be attributed to the association of NTM infection with cornea sur-
gery and the increase in popularity of keratorefractive surgery (e.g., LASIK and 
PRK) over the past three decades. In fact, LASIK is the predisposing factor in nearly 
half of reported NTM cases [ 48 ]. History of trauma or a foreign body is another risk 
factor that is commonly elicited. In stark contrast to  Pseudomonas aeruginosa  kera-
titis, which causes rapid stromal infi ltration and a fl agrant infl ammatory response, 
NTM infections are indolent and presentation is delayed. The average time from 
exposure to presentation is 5.6 weeks [ 48 ]. The infi ltrate is nonsuppurative and may 
have indiscriminate borders or satellite lesions (Fig.  5.3 ). These features mimic 
those of fungal keratitis. NTM also has poor growth characteristics on standard 
culture media. All of these attributes result in a frequent delay in diagnosis.

   Diagnosis of NTM requires a high index of suspicion, which usually comes 
about when the infi ltrate does not respond to conventional antibiotic therapy. 

  Fig. 5.2    Nocardia corneal 
ulcer. Note the brushfi re 
borders, wreathlike 
confi guration, and relative 
lack of suppurative infi ltrate       
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Ziehl-Neelsen acid-fast stain and Löwenstein-Jensen culture medium are best for 
isolating the organism. Once confi rmed, treatment can be narrowed to include drugs 
such as amikacin and clarithromycin. Topical fourth-generation fl uoroquinolones 
seem to have anti-NTM activity as well but should probably not be used as mono-
therapy given confl icting reports on susceptibility [ 49 ,  50 ]. Generally speaking, 
treatment with two topical antibiotics is preferred, and therapy is usually tapered 
over 1–3 months, as recrudescence of infection can occur.  

    Fungal Keratitis 

 Fungi causing keratitis may be categorized as yeast, fi lamentous septated, or fi la-
mentous nonseptated.  Aspergillus  spp. are fi lamentous septated fungi and are the 
most common cause of fungal keratitis worldwide [ 42 ,  51 ]. Other more common 
causes include  Candida  spp. (yeast) and  Fusarium  spp. (fi lamentous septated). A 
large number of other species (e.g.,  Paecilomyces  spp.,  Alternaria  spp.,  Curvularia  
spp., and  Acremonium  spp.) have also been reported in the literature in smaller 
numbers. Fungal infections are more common in tropical and rural climates; as 
such, even though they are a relatively uncommon occurrence in comparison to 
bacterial keratitis worldwide, they make up as much as a third of microbial kera-
titis cases in Southern India [ 52 ]. There is also a geographic predilection for 
certain fungi; for instance,  Fusarium  spp. are more common in the southern 
United States. 

 Fungal keratitis has a more indolent course compared to other forms of micro-
bial keratitis, especially that caused by  Pseudomonas  spp. Instead of presenting 
within 24–48 h of symptom onset, patients may fi rst experience slight foreign body 
sensation with increasing pain over 4–5 days. The clinical appearance at presenta-
tion is similar in many ways to bacterial keratitis: an epithelial defect is usually but 
not necessarily present, the infi ltrate is typically suppurative, and there may be an 
anterior chamber reaction with hypopyon. On the other hand, fungal keratitis is 
more likely to have feathery margins, satellite lesions, and macroscopic gray or 

  Fig. 5.3    Nontubercular mycobacterial corneal ulcer without ( a ) and with ( b ) fl uorescein stain       

a b 
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brown pigmentation (Fig.  5.4 ). With this being said, there is no defi nitive way to 
distinguish between bacterial and fungal keratitis clinically. Microbiologic workup 
is absolutely required and obviates speculative treatment and mismanagement.

   Once the diagnosis is made, treatment may be narrowed to cover the infecting 
organism. In the United States, topical natamycin 5 % is commercially available and 
remains the fi rst choice for the treatment of fi lamentous fungi (e.g.,  Fusarium  spp.). 
If the infection does not respond, or in the case of a yeast infection, Amphotericin B 
(compounded in the United States) may be substituted. Topical voriconazole can 
also be compounded; though expensive, its spectrum of activity and improved tox-
icity profi le makes it an attractive choice as another fi rst-line agent [ 53 ]. The role for 
the addition of an oral imidazole (e.g., ketoconazole, fl uconazole, or voriconazole) 
is controversial in the treatment of keratitis but is likely benefi cial if the infi ltrate 
approaches the limbus or in the case of fungal sclerokeratitis. There are no guide-
lines on the duration of treatment for fungal keratitis; this is decided on a case by 
case basis, though most agree that the treatment time required to clear the infection 
and prevent recurrence is longer than that of bacterial keratitis.  

     Acanthamoeba  

  Acanthamoeba  spp. are protozoa universally found in soil and freshwater that live 
by preying on other microorganisms. They exist in two forms – an active trophozo-
ite form and an inactive cyst form. Infection likely occurs while the organism is a 
trophozoite. However, when challenged with antimicrobial medication, it can encyst 
rapidly and remain viable and dormant for weeks, months, or even years. It is best 
known for its role in acanthamoeba keratitis (AK) but can rarely manifest in other 
ways systemically (e.g., granulomatous amoebic encephalitis). 

  Fig. 5.4     Fusarium  corneal 
ulcer. Typically 
characterized by 
suppurative infi ltrate with 
soft or feathery borders 
and satellite lesions       
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 It is important to keep in mind that AK is a rare infection, making up approxi-
mately 0–2.4 % of culture-proven microbial keratitis isolates [ 7 ,  13 ,  17 ]. With that 
being said, contact lens wear is the largest risk factor for AK. It is interesting to 
note that while 400–800 per 10,000 contact lens storage cases are contaminated 
with  Acanthamoeba , the incidence of AK among contact lens wearers is thought to 
be only 0.01–1.49 per 10,000 [ 54 ]. Other risk factors include a history of exposure 
to contaminated water, such as natural streams, lakes, or hot tubs. If the patient 
presents early, he or she may complain of foreign body sensation or photophobia, 
visual acuity will be variable, and examination might reveal nothing more than an 
epitheliopathy, often described as granular or cystic appearing. Alternatively, epi-
thelial pseudodendrites might misleadingly suggest a diagnosis of herpes simplex 
keratitis (Fig.  5.5 ). If the diagnosis is not considered at this point, the disease pro-
cess continues, and the patient is likely to return complaining of increasing, excru-
ciating pain out of proportion to physical exam fi ndings. An anterior stromal 
infi ltrate and radial perineuritis are classic fi ndings in the middle stages of the 

  Fig. 5.5    Acanthamoeba 
keratitis with dendritiform 
appearance. These 
manifestations of early 
acanthamoeba infection 
cause frequent confusion 
with herpes simplex 
keratitis       

  Fig. 5.6    Acanthamoeba- 
associated perineuritis       
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disease (Fig.  5.6 ). If untreated, a “ring infi ltrate” develops in late-stage AK. Although 
the ring infi ltrate often clues the physician in to the diagnosis, beginning treatment 
at this late stage comes with a more guarded prognosis and risk for complications 
requiring surgical management. As such, maintaining a high index of suspicion 
when evaluating any keratitis helps to minimize the missed opportunities for early 
treatment.

    Diagnosis of AK starts with a high index of suspicion, as the protozoa are 
unlikely to grow on standard culture media or broth. Since  Acanthamoeba  spp. 
characteristically feed on other microorganisms, they are best cultured on a non- 
nutrient agar with E. coli overlay. Corneal smears or biopsies incorporating cor-
neal epithelium and stroma are extremely helpful and are more sensitive than 
cultures. Gram or calcofl uor-white stains can be useful. Lastly, confocal micros-
copy has an emerging and increasingly important role in the diagnosis of AK. The 
cysts are round and between 15 and 35 μm in size; since no other cell or structure 
native to the cornea fi ts this description, identifi cation of such structures on confo-
cal imaging, in the context of a supportive clinical history, has a sensitivity and 
specifi city of 90 and 77 %, respectively [ 55 ]. However, the reliability of a confo-
cal microscopy study is highly dependent upon both the operator’s familiarity 
with using the confocal microscope and the clinician’s experience interpreting the 
images. 

 There are no universally accepted guidelines for the medical treatment of 
AK. However, most agree that therapy should include a biguanide, either polyhexa-
methylene 0.02 % or chlorhexidine 0.02 % [ 56 ]. There are several studies that also 
support the addition of a diamidine (propamidine 0.1 % or hexamidine 0.1 %) [ 57 , 
 58 ]. Diamidines have anti-trophozoite activity and retard the transformation to cyst 
form, while the biguanides have both anti-trophozoite and cysticidal activity. 
Monotherapy or dual therapy is applied topically every hour around the clock for the 
fi rst 48 h and then during the day only for an additional 1–3 days. This intense early 
therapy is indicated to kill acanthamoebae while they are most susceptible, in the 
trophozoite form, and before they have a chance to encyst. Therapy is then tapered 
slowly over 4–6 weeks down to four times daily dosing and then tailored appropri-
ately on a case-by-case basis. Six months of therapy is not uncommon and is occa-
sionally indicated for even a year or longer. Corneal toxicity associated with use of 
the above medications is common. A short drug holiday, which results in improve-
ment in the case of toxicity and worsening in the case of recalcitrant disease, helps to 
differentiate the two. 

 Surgical management of AK is centered upon therapeutic penetrating kerato-
plasty, but its role in the acute setting is controversial. Since it is nearly impossible 
to determine clear margins in the operating room, and cure rate with medical ther-
apy is high, cornea transplantation should probably be reserved for those patients 
that develop eye-threatening complications of disease (e.g., corneal perforation or 
impending infection of the limbus or sclera). On the other hand, penetrating kerato-
plasty does have a role as a sight-restoring procedure once the infection has sub-
sided. This is generally done no less than 3 months after the cessation of topical 
anti-amoebic agents, with documented absence of recurrent disease.   
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    Diagnostic and Therapeutic Algorithm 

 The algorithm used to manage a patient with suspected microbial keratitis is depen-
dent upon the environment in which a physician practices. For the majority of oph-
thalmologists practicing in the United States, culture media are not readily available 
at all times. Furthermore, prescribing topical fortifi ed antibiotics requires ready 
access to a compounding pharmacy. For these reasons, small peripheral corneal 
ulcers that are not vision threatening on presentation are often empirically treated 
with commercially available fl uoroquinolones like Vigamox (moxifl oxacin) or 
Zymar (gatifl oxacin). This is especially true when the patient has a history of con-
tact lens use and the suspected organism is  Pseudomonas  spp. There is good evi-
dence to support the position that this practice is as effi cacious as therapy with 
fortifi ed antibiotics [ 59 ,  60 ]. At the same time, careful attention should be paid to 
situations in which empiric coverage is inappropriate and likely to only delay proper 
treatment. When the patient gives a history of trauma, is hospitalized or ventilator 
dependent and immunocompromised, or has a central or severe corneal ulcer, a 
culture-guided approach is preferred, and the patient may be better served at an 
academic or tertiary care center. 

 A culture-guided algorithm is depicted in Fig.  5.7 . When cultures are obtained, 
the scrapings must be plated on media that support growth of the most commonly 
encountered organisms. Common culture media are listed in Table  5.3  and include 
blood agar, chocolate agar, Sabouraud agar, and thioglycolate broth. These are the 
media on which initial cultures are usually plated. It is only when there is a risk fac-
tor for an atypical infection or the clinical picture worsens and cultures are incon-
clusive that ancillary plates are typically used. A standard stain such as the gram 
stain is also often obtained simultaneously (Table  5.4 ). Once cultures have been 

Suspected microbial keratitis 

Small peripheral ulcer ? YES 

Culture positive infection ? 

Microbiologic workup 

Empiric treatment with broad-spectrum anti-microbials 

Response to treatment ? 

NO 

YES 

Finish anti-microbial
medication course 

NO 

YES NO 

Narrow coverage 

Response to treatment ? YES NO 

Finish anti-microbial
medication course 

Response to treatment ? YES NO 

Finish anti-microbial
medication course 1. Medication holiday + repeat cultures 

with ancillary stains / media 
2. Corneal biopsy 

  Fig. 5.7    Diagnostic/therapeutic algorithm for the management of infectious keratitis       
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obtained, the patient may be started on empiric broad-spectrum topical fortifi ed 
antibiotics. Vancomycin 25 mg/ml is usually combined with either tobramycin 
14 mg/ml or ceftazidime 50 mg/ml.

     After the initial evaluation, the patient is seen within 24–48 h, depending on the 
severity of the ulcer. The goal of the follow-up visit is to assess for interval change, 
alter medical therapy in concert with microbiologic culture results, and rule out 
 eye- threatening complications requiring surgical management. Unfortunately, the 
yield from corneal cultures is only 50 % [ 61 ]. If, however, culture results are posi-
tive, topical medical therapy is narrowed to cover the infecting organism and limit 
the effects of toxicity from unnecessary medications (Table  5.5 ). If culture results 
are negative, but there is signifi cant improvement in the clinical picture, empiric 
therapy may be continued and tapered over 1–3 weeks. If culture results are nega-
tive and the clinical picture has worsened, the clinician must make a choice between 
(1) instituting a medication holiday for 24 h to allow the infecting organism to grow 
uninhibited before repeating cultures or (2) performing a corneal biopsy, which is 
subsequently emulsifi ed and plated on culture media for higher yield [ 62 ]. If and 
when repeat cultures are taken, ancillary culture media are added at the physician’s 
discretion (e.g., Löwenstein-Jensen medium, or non-nutrient agar with E. coli over-
lay) to further explore the possibility of an atypical bacterial or parasitic infection.

   The role for topical corticosteroids in the setting of microbial keratitis is contro-
versial. There is no literature to suggest that adding corticosteroids alters the clinical 

   Table 5.3    Common culture media   

 Culture media  Common isolates  Comment 

 Blood agar  Aerobic and facultative anaerobic 
bacteria 

 Incubate at 35° 

 Chocolate agar  Primarily anaerobic bacteria and 
facultative anaerobic, but may also grow 
aerobic 

 Incubate at 35° 

 Sabouraud agar  Primarily fungi, but may also grow 
fi lamentous bacteria e.g.,  Nocardia  spp. 

 Incubate at room 
temperature 

 Thioglycolate broth  Aerobic, anaerobic, and facultative 
anaerobic bacteria 

 Incubate at 35° 

 Löwenstein-Jensen 
medium 

  Mycobacterium  and  Nocardia  spp.  Incubate at 35° 

 Thayer-Martin agar   Neisseria  spp.  Incubate at 35° 
 Non-nutrient agar with  E. 
coli  overlay 

  Acanthamoeba  spp.  Incubate at room 
temperature 

   Table 5.4    Stains   

 Stain  Organism seen 

 Gram stain  Bacteria (gram-positive vs. gram-negative), fungi, 
acanthamoebae 

 Giemsa stain  Bacteria, fungi, chlamydia, acanthamoebae 
 Acid fast  Mycobacteria, nocardia 
 Calcofl uor white  Fungi, acanthamoebae 
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course [ 63 ]. Nevertheless, some clinicians choose to use topical corticosteroid ther-
apy judiciously with the belief that its use decreases infl ammation and scarring. 
Opponents argue that its use may rekindle a clearing infection, promote corneal 
melt through inhibition of collagen synthesis, and promote persistent epithelial 
defects through inhibition of epithelial cell migration. If corticosteroids are to be 
started, institution of therapy is usually delayed until 48–72 h after antibiotic  therapy 
is begun. It is especially helpful if culture results are known, but steroids might also 
be considered so long as the infection has shown steady and consistent improve-
ment over 2–3 days with empiric antibiotic therapy.  

    Other Therapeutic Management Options 

    Surgical Management of Complications 

 Surgical interventions for the management of active microbial keratitis are generally 
considered an option of last resort, when the alternative is an impending vision or 
eye-threatening complication. For instance, cytokine and matrix metalloproteinase 
release at the site of active infection leads to proteolytic stromal degradation and 
necrosis, and, in severe cases, descemetocele or perforation. Whether the perforation 
is impending or realized, application of cyanoacrylate tissue adhesive is a reasonable 
option. The glue may be used to seal perforations or cover descemetoceles up to 
2–3 mm in size. It is especially helpful when the ulcer is bacterial, being appropri-
ately treated with antibiotics, and simply requires a tectonic reinforcement where 
active necrosis is occurring. The minimum amount of glue needed is applied, fol-
lowed by a therapeutic bandage contact lens. Successful cyanoacrylate gluing avoids 
an emergent therapeutic keratoplasty, allowing the infection to fi nish clearing and the 

   Table 5.5    Common infecting organisms and preferred antimicrobial agents   

 Organism  Preferred antimicrobial 

 Gram-positive cocci (e.g.,  Staphylococcus 
aureus ) 

 Vancomycin 
 Cefazolin 
 Fluoroquinolones (4th generation) 

 Gram-negative bacilli (e.g.,  Pseudomonas 
aeruginosa ) 

 Tobramycin 
 Gentamucin 
 Ceftazidime 
 Fluoroquinolones 

 Gram-negative cocci (e.g.,  Neisseria 
gonorrhoeae ) 

 Ceftriaxone 
 Ceftazidime 
 Fluoroquinolones 

 Nontuberculous mycobacteria (e.g., 
 Mycobacteria chelonae ) 

 Amikacin 
 Clarithromycin 
 Azithromycin 

  Nocardia   Amikacin 
 Trimethoprim/sulfamethoxazol 

  Candida   Amphotericin 
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eye to quiet. The glue and contact lens generally remains in place until it either spon-
taneously dislodges or the patient undergoes another surgical intervention. Glue may 
be less helpful in the setting of fungal, atypical mycobacterial, or parasitic infections 
that are more indolent or associated with smoldering necrosis. 

 Therapeutic penetrating keratoplasty is an option of last resort and is reserved for 
cases in which there is either a perforation that cannot be closed with tissue adhesive 
or limbal involvement of the infection with risk for developing infectious scleritis. 
In either case, it is important to counsel the patient preoperatively on the goals of 
surgery in this setting: namely to reestablish a formed globe to avoid endophthalmi-
tis and to avoid progression of the infection to the sclera, which carries a much 
poorer prognosis. The patient must also understand that the risk of bleeding, supra-
choroidal hemorrhage, subsequent permanent vision loss, or loss of the eye is higher 
than with penetrating keratoplasty in a quiet eye. Furthermore, the patient should be 
counseled on the increased risk of graft rejection and failure in this setting, and the 
possible need for a second optical penetrating keratoplasty 3–6 months after the 
infl ammatory response is controlled.  

    Management of Persistent Epithelial Defects 

 Microbial keratitis almost universally results in an epithelial defect. Treatment often 
entails use of fortifi ed antibiotics that are toxic to the corneal epithelium. As the 
infection clears, a scar usually forms; Bowman’s membrane is destroyed and 
replaced by an irregular network of collagen and fi brous scar tissue. Lastly, in the 
case of concurrent corticosteroid treatment, collagen synthesis and epithelial cell 
migration may be inhibited. All of the above factors contribute to the development 
of a nonhealing epithelial defect. This sequela requires careful consideration so that 
reinfection, prolonged pain, progressive thinning, and perforation do not occur. 

  Table 5.6    Management 
options for persistent 
epithelial defects  

 Management options for persistent epithelial 
defects 

 Frequent lubrication with preservative-free 
artifi cial tears 
 Discontinue topical medications containing 
benzalkonium chloride 
 Decrease or discontinue topical corticosteroids 
 Punctal occlusion 
 Debridement 
 Therapeutic soft contact lens 
 Amniotic membrane transplant 
 Autologous serum tears 
 Pressure patch 
 Tarsorrhaphy 
 Scleral contact lens (e.g., PROSE) 
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 The management of persistent epithelial defects is challenging but can be 
approached in a stepwise fashion (Table  5.6 ). The most conservative, cheapest, and 
convenient interventions might be tried fi rst. Judiciously decreasing toxic topical 
antibiotic (potentially containing benzalkonium chloride) and corticosteroid drops, 
along with frequent lubrication with preservative-free artifi cial tears and ointments, 
is a logical fi rst step. If, after this, the patient returns with a persistent epithelial 
defect, a therapeutic soft contact lens might be considered [ 64 ]. The contact lens 
acts as a mechanical barrier between the corneal epithelium and the lids and allows 
the epithelial cells to migrate without being sloughed. Similarly, an amniotic mem-
brane can be placed over the defect. The amniotic membrane not only provides the 
mechanical barrier of a contact lens but also may act as a scaffold for migrating 
corneal epithelial cells. Other options include pressure patching, temporary or per-
manent tarsorrhaphy, or the administration of autologous serum tears. Regardless of 
the intervention used, an antibiotic should remain part of the treatment regimen to 
prevent reinfection in this unstable situation.

        Prognosis 

 The prognosis of microbial keratitis is highly variable and dependent upon patient 
access to appropriate resources, time to presentation, causative organism, and com-
pliance with the treatment regimen. Outcomes are more favorable in developed coun-
tries with accessible ophthalmologists and tertiary care centers. In one study from the 
Netherlands, 67 % of contact lens-associated keratitis cases had best- corrected visual 
acuities better than 20/100 [ 35 ]. Conversely, a study from East Africa showed that 
66 % of patients with microbial keratitis had BCVA outcomes worse than 20/200 
[ 65 ]. Low BCVA at the time of presentation, previous care by another provider with 
subsequent referral, and topical corticosteroid use before diagnosis are all predictors 
of poor fi nal BCVA and need for surgical intervention. Rarely, microbial keratitis 
progresses to endophthalmitis. These high-risk eyes have particularly poor outcomes, 
with upward of 60 % requiring evisceration/enucleation [ 66 ]. Whether the infecting 
organism is bacterial, fungal, or parasitic is a less important prognostic indicator; this 
fact undermines the importance of timely referral to eye care providers well versed 
in the proper diagnosis and management of microbial keratitis.     
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    Chapter 6   
 Intraocular Infection                     

     Andre     J.     Witkin     

          Introduction 

 Intraocular infections are uncommon but potentially devastating to vision and to the 
eye. There is a broad range of pathogens that can cause infection in the eye. 
Intraocular infections can be grouped into two categories:  exogenous , those caused 
by introduction of pathogens through penetration of the eye wall, or  endogenous , 
those caused by introduction of the pathogen through the bloodstream to the eye [ 1 ]. 
Exogenous infections can be introduced via surgery, intraocular injection of medi-
cation, or trauma, and pathogens are typically either bacterial or fungal in nature 
[ 2 – 6 ]. Endogenous infections are caused by introduction of a systemic infection to 
the eye via the ophthalmic (usually choroidal) circulation, and therefore pathogens 
can be much more varied and include bacteria, fungi, viruses, protozoa, and other 
parasites. This chapter categorizes and describes different types of intraocular infec-
tions and their treatments.  

    Exogenous Endophthalmitis 

 Exogenous endophthalmitis is one of the most dreaded complications of intraocular 
surgery, intravitreal injection, or penetrating ocular trauma. It is most often classi-
fi ed based on the mechanism of introduction, as different organisms are associated 
with different mechanisms of introduction into the eye. Postoperative endophthal-
mitis usually presents after recent intraocular surgery, but it can also have a delayed 
presentation or can be associated with distant surgery (e.g., bleb-associated 
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endophthalmitis). Post-injection endophthalmitis has become more common with 
the advent of intravitreal injections for treatment of a variety of ocular diseases. 
Posttraumatic endophthalmitis is rare but can be associated with a greater variety of 
bacteria as well as fungi. Distinguishing features of these various types of exoge-
nous endophthalmitis are discussed in more detail below, but many of the presenting 
features and management decisions are similar. For a summary of diagnosis and 
management of endophthalmitis, see Fig.  6.1 .

    Presentation 
 Patients with exogenous endophthalmitis most commonly present with blurred 
vision after a known introductory event, whether it be surgery, intraocular injection, 
or trauma [ 1 – 7 ]. Other symptoms include ocular pain, conjunctival or eyelid red-
ness and/or swelling, ocular irritation, and/or photophobia. Onset may be acute 
(<6 weeks) or delayed (>6 weeks) after the inciting event [ 8 ]. Signs of infection on 
ophthalmic examination may include decreased visual acuity, relative afferent pap-
illary defect, increased or decreased intraocular pressure, conjunctival and/or eyelid 
injection and chemosis, anterior chamber infl ammation, hypopyon, vitritis on 
examination and B-scan ultrasound, and choroidal thickening (Figs.  6.2 ,  6.3 , and 
 6.4 ). If the retina is visible in the eyes with endophthalmitis, retinal hemorrhages, 
nerve fi ber layer infarcts, retinitis, perivasculitis, and subretinal exudation may also 
be seen [ 9 ]. More virulent organisms are associated with a more guarded prognosis 
[ 10 ] and should be suspected if there is an early presentation (<3 days after inciting 

Diagnosis and Management of
Endophthalmitis 

Common signs and symptoms:
Decreased vision, Eye pain, Eyelid injection and chemosis, Conjunctival
injection and chemosis, Hypopyon, Vitritis
Diagnostic testing:
-B-scan ultrasound (vitritis, choroidal thickening, IOFB)
-Vitreous cultures
Treatment:
Standard: Vitreous tap and injection of intravitreal antibiotics
Consider early vitrectomy if:
-Vision light perception or worse
-Delayed Onset Bleb-associated
-Post-traumatic (especially IOFB)
-Virulent bacteria (Streptococcus, Bacillus, Gram-negative)
-Fungal or other unusual organisms suspected

Known entry site:
Exogenous Endophthalmitis

Unknown entry site:
Endogenous Endophthalmitis

Key history of present illness: Fevers, 
chills, flu-like symptoms,
other site of infection, bilateral eye
involvement
Key past medical history: 
Immunosuppression, Diabetes,
IV drug use, Malignancy, Indwelling
catheter, End-stage organ disease
Work-up Considerations: Admit to
hospital, Blood/Urine/Catheter cultures,
Head imaging, Lung imaging, Cardiac
imaging, Abdominal imaging
Common Organisms:
1. Candida species
2. Staphylococcus aureus
3. Streptococcus species
4. Gram-negative bacilli (eg.Klebsiella)
5. Aspergillus species

6. Nocardia (subretinal abscess)            

Post-Operative
Cataract surgery
Secondary lens surgery
Glaucoma surgery
Vitrectomy
Scleral buckle
Corneal Transplant

Post-Intravitreal Injection
Key Differential: Sterile Endophthalmitis
Common Organisms:
1.Coagulase-negative Staphylococcus
2. Streptococcus species
3. Staphylococcus aureus   

Post-Traumatic
Imaging Consideration: CT scan
Treatment Consideration: Remove
intraocular foreign body
Common Organisms:
1. Coagulase-negative staphylococcus
2. Streptococcus species
3. Bacillus cereus
4. Staphylococcus aureus
5. Gram-negative species
6. Candida species
7. Aspergillus species     

Acute Onset (<6weeks)
Key Differential: TASS
Common Organisms: 
1.Coagulase-negative Staphylococcus
2. Staphylococcus aureus 
3. Streptococcus species

Delayed Onset (>6weeks)

Bleb-Associated
Key Differential: Blebitis
Common Organisms: 
1. Streptococcus species
2. Coagulase-negative Staphylococcus
3. Gram-negative bacteria

Non-Bleb Associated
Treatment Consideration: Remove
intraocular lens and capsule  
Common Organisms:
1. Proprionibacterium acnes
2. Candida species
3. Coagulase-negative Staphylococcus 

  Fig. 6.1    Diagnosis and management of endophthalmitis.  IOFB  intraocular foreign body,  TASS  
toxic anterior segment syndrome       
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event), trauma as the inciting event, severe eye pain, very poor visual acuity on pre-
sentation (light perception or no light perception), low intraocular pressure, con-
junctival and/or eyelid chemosis, and/or dense intraocular infl ammation.

       Diagnostic Testing 
 B-scan ultrasound is often useful to detect presence and amount of vitritis. Choroidal 
thickening on B-scan is a poor prognostic sign. Intraocular foreign bodies may be 
visualized using B-scan, although radiographic imaging is often warranted in post-
traumatic cases suspected of having intraocular foreign material.  

 A vitreous or aqueous tap is often performed at the time of intravitreal antibiotic 
injection. This procedure is not only helpful in allowing more space for intravitreal 
fl uid to be injected, but the specimen may also be sent for stain and culture [ 1 ,  3 ,  7 , 
 11 ]. Vitreous cultures may have higher yield after pars plana vitrectomy (PPV) 
cases with diffi cult-to-culture organisms, such as in fungal endophthalmitis; how-
ever, the Endophthalmitis Vitrectomy Study (EVS) showed no difference in culture 
positivity between the tap and PPV groups [ 12 ]. 

 In acute postoperative endophthalmitis, vitreous cultures may be negative in up 
to 30 % of cases [ 1 ,  13 ]; aqueous cultures are more often negative than vitreous 
cultures. In fact, in one study, 50 % of eyes that had negative aqueous cultures had 
positive vitreous cultures [ 14 ]. Vitreous cultures in delayed-onset postoperative 
endophthalmitis are often negative. In post-injection endophthalmitis, the percent-
age of negative vitreous cultures is higher than in postoperative endophthalmitis 
(50 % vs. 75 % culture-positive rates) [ 15 ]. This may be due to an increased percent-
age of sterile or noninfectious endophthalmitis cases included in these numbers. 

  Fig. 6.2    Bleb-associated endophthalmitis. Cultures grew out  Streptococcus pneumoniae . Purulent 
material is visible within the bleb. There is severe ecchymosis and chemosis of the conjunctiva. 
The cornea is edematous, and there is a severe anterior chamber reaction       
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  Treatment 
 Because it is rare, much of our understanding of the treatment of endophthalmitis 
has come from retrospective case series. One of the largest and well-known pro-
spective studies of endophthalmitis was the Endophthalmitis Vitrectomy Study 
(EVS), which was a large multicenter prospective interventional randomized con-
trolled trial funded by the National Institute of Health, which compared intravitreal 
antibiotic injection alone to pars plana vitrectomy with intravitreal antibiotic injec-
tion for treatment of lens surgery-related postoperative endophthalmitis [ 7 ]. 
Although the study was only specifi c to acute post-cataract surgery endophthalmi-
tis, many discoveries by the EVS have been used to generally guide treatment for 

a

b

  Fig. 6.3    Endogenous bacterial endophthalmitis. ( a ) There is mild corneal edema, moderate ante-
rior chamber fi brin and white cells, and a 3 mm hypopyon. ( b ) Dense vitritis is evident (Fig.  6.2b ). 
Cultures of the vitreous were negative, but a wrist abscess was present and grew methicillin- 
resistant  Staphylococcus aureus  (MRSA). The patient also had uncontrolled diabetes mellitus       
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endophthalmitis. In general, the clearest evidence for prophylaxis to prevent endo-
phthalmitis has been with the use of povidone iodine [ 16 ,  17 ].  

 Patients with suspected endophthalmitis should be treated acutely with intravit-
real injections of antibacterial antibiotics with broad gram-positive and gram- 
negative coverage [ 1 ,  3 ,  7 ,  11 ]. Most studies have recommended use of vancomycin 
(1 mg/0.1 ml) in addition to a broad-spectrum cephalosporin, usually ceftazidime 
(2.25 mg/0.1 ml). This combination of medications has been shown to cover nearly 
100 % of organisms in culture-positive bacterial endophthalmitis [ 18 ,  19 ]. If the 
patient is allergic to penicillins, amikacin (0.4 mg/0.1 ml), which also has excellent 
gram-negative coverage, may be substituted for ceftazidime. Addition of intravitreal 
clindamycin (450 ug/0.1 ml) may be considered for penicillin-resistant strains of 

a

b

  Fig. 6.4    Endogenous bacterial endophthalmitis. Infection was due to  Escherichia coli  from a liver 
abscess. ( a ) There is severe eyelid and conjunctival erythema and chemosis, dense microcystic 
corneal edema, neovascularization of the iris, severe anterior chamber infl ammation, and no view 
to the posterior pole. ( b ) A B-scan ultrasound showed dense vitritis and severe choroidal and 
scleral thickening with a “T-sign” (Fig.  6.3b )       
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bacteria [ 11 ]. Antibiotic doses are summarized in Table  6.1 . If the post-injection or 
postoperative course does not improve after 2–3 days, a repeat intravitreal injection 
may be given, and the possibility of a resistant or fungal infection, or a masquerade 
syndrome, should also be considered.

   A short course of systemic antibiotics may also be considered in the case of a 
particularly severe infection or associated with trauma, either a third- or fourth- 
generation oral fl uoroquinolone, such as moxifl oxacin, which have excellent intra-
ocular penetration, or intravenous antibiotics with broad coverage for suspected 
organisms [ 11 ,  20 ,  21 ]. It is unclear if systemic antibiotics play an additional role in 
routine treatment for exogenous endophthalmitis. Notably, the EVS showed that 
intravenous antibiotics did not provide signifi cant visual benefi ts, and the cost and 
risk of hospital stay outweighed the small theoretical benefi t of intravenous antibiot-
ics in most cases [ 7 ]. 

 Topical antibiotics are typically used during the initial treatment period. Either for-
tifi ed antibiotics such as vancomycin and ceftazidime or tobramycin may be used or 
fourth-generation fl uoroquinolones such as moxifl oxacin or gatifl oxacin may be used. 
Topical administration of antibiotics should be frequent in cases of post-traumatic, 
bleb-associated, or postoperative endophthalmitis, particularly in cases where there 
appears to be active infection at the wound or entry site into the eye [ 11 ,  22 ]. 

 Fungal endophthalmitis is treated similarly to bacterial endophthalmitis, with 
antibiotics that target the most common species of intraocular infection ( Candida , 
 Aspergillus , and  Fusarium , followed by other species) [ 23 ,  24 ]. Intravitreal 
amphotericin B (5–10 μg/0.1 ml) combined with systemic antifungal medication 
is often used to treat exogenous fungal endophthalmitis [ 11 ,  23 ]. Intravenous anti-
fungal medication, such as amphotericin B, may be considered, although oral anti-
fungal medications such as fl uconazole or voriconazole also have good intraocular 
penetration and have lower toxicity profi les. Instead of intravitreal amphotericin 
B, which has been shown to have retinal toxicity at higher concentrations, intra-
vitreal voriconazole (50–100 ug/0.1 ml) may be used to successfully treat fungal 
 endophthalmitis; voriconazole may be particularly helpful in cases of drug-resis-
tant fungal infections [ 24 ,  25 ]. 

  Table 6.1    Doses of common intravitreal antibiotics  

  Antibacterial  
 Vancomycin  1 mg/0.1 ml 
 Ceftazidime  2.25 mg/0.1 ml 
 Amikacin  400 μg/0.1 ml 
 Clindamycin  450 μg/0.1 ml 
  Antifungal  
 Amphotericin B  5–10 μg/0.1 ml 
 Voriconazole  50–100 μg/0.1 ml 
  Antiviral  
 Foscarnet  2.4 mg/0.1 ml 
 Ganciclovir  2 mg/0.1 ml 
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 If the patient is suspected to have a particularly virulent organism, or if the vision 
is extremely poor on presentation (light perception or no light perception), urgent 
pars plana vitrectomy (PPV) with anterior chamber and vitreous washout and intra-
vitreal antibiotic injection should be considered. The role of vitrectomy in endo-
phthalmitis is similar to the role of incision and drainage of infection in other regions 
of the body. Vitrectomy can decrease the pathogen load and remove toxins and 
infl ammatory material from the eye, remove the vitreous scaffolding, and may help 
clear the media more quickly [ 7 ,  26 ,  27 ]. 

 Notably, the EVS showed that visual outcomes were better in acute postoperative 
endophthalmitis patients with LP or NLP vision treated with PPV with intravitreal 
antibiotics versus intravitreal antibiotic injection alone; this benefi t was not seen in 
the eyes with better than LP vision [ 7 ]. PPV is likely helpful in cases of infection 
with particularly toxigenic or pathogenic organisms, such as  Streptococcus  species 
or gram-negative bacteria [ 27 ]. However, PPV performed during the acute infec-
tious phase is often limited due to diffi culty with visualization and can be associated 
with higher risk of retinal detachment during the postoperative period than vitrec-
tomy for other conditions [ 11 ]. 

 Intravitreal steroids (dexamethasone 0.4 mg/0.1 cc) have been used by some 
physicians to treat acute endophthalmitis. The rationale has been to decrease the 
amount of infl ammatory damage to the retina; however, the utility of intravitreal 
steroids in the setting of endophthalmitis has been debated [ 28 ,  29 ]. If there is a 
possibility of fungal endophthalmitis, intraocular corticosteroids should probably 
be avoided. Otherwise, intravitreal corticosteroids may be considered at the treating 
physician’s discretion. 

  Prognosis 
 Visual prognosis is highly dependent on the virulence of the organism. 
Coagulase- negative  Staphylococcus  species and culture-negative endophthalmi-
tis tend to have better visual prognoses [ 30 ]. In acute postoperative endophthal-
mitis, where coagulase- negative  Staphylococcus  is the predominant organism, 
the EVS showed that patients regained visual acuities of 20/40 or better 50 % of 
the time, while only 15 % had outcomes of 20/200 or worse [ 7 ]. Delayed-onset 
postoperative endophthalmitis after cataract surgery is also associated with less 
virulent organisms, and it tends to have better visual prognosis [ 8 ]. Delayed-
onset bleb-associated endophthalmitis, on the other hand, is associated with 
much worse visual prognoses due to the higher virulence of organisms, with 
 Streptococcus  species being the most prevalent organism. Up to 1/3 of patients 
had fi nal visual outcomes of NLP in one study [ 5 ,  27 ]. In posttraumatic endo-
phthalmitis, visual acuity outcomes are also highly dependent on organism, but 
in general visual prognosis is guarded. The presence of an intraocular foreign 
body in endophthalmitis portends a worse prognosis, with 50 % of patients 
achieving visual outcomes of hand motions or worse [ 31 ]. Post-injection endo-
phthalmitis visual outcomes also tend to be worse than outcomes after acute 
postoperative endophthalmitis due to the higher prevalence of  Streptococcus  
species in the post-injection eyes [ 32 ].   
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    Specifi c Considerations in Exogenous Endophthalmitis 

    Acute Postoperative Endophthalmitis 

 Acute postoperative endophthalmitis presents less than 6 weeks after eye surgery, 
by defi nition [ 8 ]. The most common causative surgery is cataract surgery, but other 
eye surgeries can also cause endophthalmitis, including penetrating keratoplasty, 
trabeculectomy, glaucoma drainage device implantation, pars plana vitrectomy, and 
scleral buckle [ 1 ]. 

 Acute postoperative endophthalmitis can often be distinguished from a noninfec-
tious infl ammatory syndrome called toxic anterior segment syndrome (TASS), 
which may also occur acutely after intraocular surgery [ 33 ]. TASS is thought to be 
related to instillation of infl ammatory agents (such as residues, preservatives, dena-
tured medications, etc.) into the eye during surgery [ 16 ,  33 ]. TASS usually presents 
in the hyperacute phase after surgery, often in the 12–48 h period. The distinguish-
ing features of TASS are diffuse limbus-to-limbus corneal edema, severe anterior 
chamber reaction but minimal vitritis, and minimal ocular pain on presentation. 
However, it can be diffi cult to distinguish TASS from endophthalmitis in some 
cases, and these patients often must be presumed to have bacterial 
endophthalmitis. 

 Preoperative risk factors for acute postoperative endophthalmitis include blepha-
ritis, immunosuppression (including diabetes mellitus), and older age [ 1 ,  34 ]. Intra- 
and postoperative risk factors include intraoperative complications, particularly 
posterior capsular rupture with vitreous loss, inexperienced surgeons, and postop-
erative wound leak [ 35 ]. Injection of prophylactic intracameral antibiotics, use of 
acrylic intraocular lenses (versus silicon), and use of scleral tunnel (versus clear 
corneal incision) have been shown to be protective against endophthalmitis in some 
studies, although these associations have been debated [ 1 ,  36 ]. 

 Acute postoperative endophthalmitis is nearly always caused by a bacterial infec-
tion, although acute postoperative fungal endophthalmitis is a prevalent complica-
tion in developing countries [ 1 ]. Vitreous cultures may be negative in up to 30 % of 
cases [ 1 ,  13 ]. Of culture-positive cases, the most common organisms found are 
gram-positive cocci. Of these, coagulase-negative  Staphylococcus  is most common, 
followed by  Staphylococcus aureus  and then  Streptococcus  species [ 7 ,  13 ,  14 ,  18 ].  

    Chronic Postoperative Endophthalmitis 

 Delayed-onset or chronic postoperative endophthalmitis presents later than 6 weeks 
after surgery [ 8 ]. Diagnosis may sometimes be further delayed, because of the insid-
ious onset of these cases. Delayed-onset postoperative endophthalmitis is relatively 
uncommon, accounting for less than 8 % of all postoperative endophthalmitis cases 
in one study [ 37 ]. Patients often present with remitting and relapsing intraocular 
infl ammation, many times without a frank hypopyon. Patients often do not have 
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pain or redness on presentation. The characteristic fi nding of chronic postoperative 
endophthalmitis is a white plaque within the lens capsule, which is a nidus of the 
infection [ 8 ]. 

 Vitreous or aqueous cultures in these cases are often negative. Of culture-positive 
cases, the most common causative organism is  Propionibacterium acnes , followed 
by coagulase-negative  Staphylococcus  species. Fungal infections may also be a cause 
of delayed-onset endophthalmitis, accounting for up to 25 % of these cases [ 1 ,  8 ]. 

 Treatment of chronic bacterial endophthalmitis can sometimes be challenging. 
Although simple injection with antibacterial antibiotics may be curative in some 
cases, often the infection is not completely eradicated with intravitreal injection 
alone. Pars plana vitrectomy with partial capsulectomy and intravitreal antibiotic 
injection can increase the rate of cure; however, some patients will still go on to 
harbor persistent infection. The defi nitive procedure in these patients is pars plana 
vitrectomy with complete removal of the intraocular implant and lens capsule with 
injection of intravitreal antibiotics, but this procedure should be reserved for recur-
rent cases, as the patients will typically later need an additional operation to insert a 
secondary intraocular lens implant [ 38 ].  

    Bleb-Associated Endophthalmitis 

 Trabeculectomy is associated with a particular subset of exogenous endophthalmi-
tis, referred to as  bleb - associated endophthalmitis . Onset can be acute or delayed, 
often many months or years after the initial surgery [ 22 ]. Acute-onset bleb- associated 
endophthalmitis is similar to other forms of acute postoperative endophthalmitis, as 
described above, but delayed-onset bleb-associated endophthalmitis can be associ-
ated with more virulent bacteria with more guarded visual prognosis (Fig.  6.2 ). 
 Streptococcus  species and gram-negative bacteria such as  Haemophilus infl uenzae  
are the most common organisms causing delayed-onset bleb-associated endophthal-
mitis [ 5 ,  27 ]. 

 Bleb-associated endophthalmitis must be distinguished from blebitis, which may 
often be treated with topical antibacterial antibiotics alone [ 22 ]. Both bleb- associated 
endophthalmitis and blebitis often present with a purulent fi ltering bleb and anterior 
ocular infl ammation, but blebitis presents with little vitritis and no hypopyon. 
Despite proper treatment, blebitis may still develop into bleb-associated endo-
phthalmitis; therefore these patients must be monitored closely. 

 Risk factors for bleb-associated intraocular infections include a history of previ-
ous blebitis, late-onset bleb leak, younger age, antimetabolite use during surgery, 
inferior blebs, thin avascular blebs, myopia, and blepharitis. Fornix-based trabecu-
lectomy surgery may be associated with less risk than limbus-based surgery, but this 
has been debated [ 1 ,  39 ]. 

 Because of the association of delayed-onset bleb-associated endophthalmitis 
with more virulent organisms, more aggressive management of this disease, includ-
ing urgent PPV, should be considered [ 27 ]. During the operation, the surgeon may 
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consider injecting antibiotic subconjunctivally around the bleb in addition to intra-
vitreally, to help with clearance of the inciting bleb infection.  

    Post-injection Endophthalmitis 

 Intravitreal injections, the most common of which are anti-vascular endothelial 
growth factor (anti-VEGF) medication injections, are routinely given for the 
treatment of a variety of retinal conditions including diabetic macular edema, 
age-related macular degeneration, and macular edema secondary to retinal vein 
occlusion. Although the risk of endophthalmitis with this treatment is low (0.02–
0.32 %) [ 15 ], because intravitreal injections are becoming more and more com-
mon, the incidence of post-injection endophthalmitis has risen dramatically in 
the past 10 years. Incidence of endophthalmitis may be higher with injection of 
intravitreal triamcinolone acetonide than with other intravitreal medications, 
although this may be related to higher incidence of sterile endophthalmitis with 
triamcinolone [ 40 ]. 

 Sterile or noninfectious endophthalmitis can occur after intravitreal injection and 
has been reported after injection of afl ibercept, bevacizumab, ranibizumab, and tri-
amcinolone [ 1 ]. It may be related to an immune response to the medication itself, or 
in the case of triamcinolone, it may be related to migration of small medication 
particles into the anterior chamber of the eye [ 41 ]. Usually, sterile endophthalmitis 
presents with minimal pain, less infl ammation, and more acute presentation than 
bacterial endophthalmitis, but distinction between noninfectious and infectious 
endophthalmitis can be diffi cult, and it is often prudent to treat these cases as 
infectious. 

 Risk factors for post-injection endophthalmitis may include older age, diabetes 
mellitus, blepharitis, subconjunctival anesthesia, patient moving/squeezing during 
the injection, use of prophylactic antibiotic eye drops, and use of a conjunctival 
mold, although it is challenging to fi nd defi nitive risk factors given the low inci-
dence of the disease and lack of prospective studies [ 4 ,  42 ]. The use of compounded 
medications for intravitreal injection has also been a recent topic of debate, as there 
have been several outbreaks of bacterial and fungal endophthalmitis related to con-
taminated batches of compounded bevacizumab and triamcinolone [ 43 ,  44 ]. 
However, with proper sterile compounding techniques, the dreaded occurrence of a 
batch-related endophthalmitis outbreak can be avoided. 

 Similar to postoperative endophthalmitis, organisms associated with post- 
injection endophthalmitis are nearly always gram-positive cocci [ 4 ,  42 ]. Coagulase- 
negative  Staphylococcus  species are most common, followed by  Streptococcus  
species and then  Staphylococcus aureus  [ 4 ,  42 ]. However, infection with 
 Streptococcus  species is up to three times more common in post-injection endo-
phthalmitis versus postoperative endophthalmitis, suggesting there may be 
increased incidence of contamination of the injection site with oral fl ora in these 
cases [ 32 ].  
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    Posttraumatic Endophthalmitis 

 Posttraumatic bacterial endophthalmitis is a rare type of exogenous endophthalmi-
tis but can be associated with the most virulent and varied organisms. 
Endophthalmitis occurrence after open globe trauma ranges from 2 to 12 % [ 1 ,  11 , 
 45 ,  46 ]; percentages may be as high as 50 % with intraocular foreign body [ 11 ], 
although this percentage is highly variable depending on geographic region and 
mechanism of injury [ 45 ,  47 ]. Risk factors include presence of an intraocular for-
eign body, injury with dirty or plant material, traumatic lens rupture, corneal 
wound, retinal break/detachment, long hospital stay, rural location, and delayed 
wound closure [ 11 ]. 

 In addition to the typical presenting signs of endophthalmitis, posttraumatic 
endophthalmitis may be associated with retained foreign bodies that are either par-
tially embedded in the cornea or sclera, or intraocular foreign bodies (IOFB), or, if 
there is a perforating injury, there can be intraorbital or intracranial foreign bodies. 
Additional orbital and/or brain imaging is warranted via ultrasound, plain radiogra-
phy, or CT scan to evaluate for the presence and location of a foreign body if sus-
pected, as it may help determine surgical approach for removal of the foreign body 
[ 11 ,  48 ,  49 ]. Of note, some metallic foreign bodies, particularly 100 % copper ones, 
can cause sterile infl ammation including hypopyon and vitritis, which may be dif-
fi cult to differentiate from infectious endophthalmitis [ 11 ]. 

 Most (80–90 %) of culture-positive cases of posttraumatic endophthalmitis are 
caused by bacteria, but the incidence of fungal endophthalmitis is higher than with 
other mechanisms of exogenous endophthalmitis [ 50 ]. Gram-positive cocci are the 
most common bacterial isolates, followed by gram-positive bacilli (e.g.,  Bacillus 
cereus ) and then gram-negative organisms [ 50 ,  51 ]. Among gram-positive cocci, 
coagulase-negative  Staphylococcus  species and  Streptococcus  species are the pre-
dominant groups. The gram-positive  Bacillus cereus  is particularly devastating to 
the eye and is a common causative organism of endophthalmitis after trauma.  B. 
cereus  is often associated with a hyperacute presentation and fulminant bacterial 
endophthalmitis, and infection with this organism has extremely guarded visual 
prognosis [ 11 ,  52 ].  Enterobacter  and  Pseudomonas es are the most common gram- 
negative pathogens in a traumatic setting and also portend a poor visual prognosis 
[ 1 ,  11 ,  53 ]. 

  Candida  species are the most prevalent fungal infections after trauma, but infec-
tion with  Aspergillus  and  Fusarium  species is also common [ 23 ,  50 ]. Clinical fea-
tures suggestive of fungal infection include delayed onset of infection, usually 
between 1 and 5 weeks after injury, or unresponsiveness to standard antibacterial 
antibiotics. Clinical signs suggestive of fungal endophthalmitis include minimal 
pain and minimal conjunctival redness or chemosis on presentation, slowly progres-
sive intraocular infl ammation, and the presence of infl ammatory infi ltrates in the 
vitreous or anterior chamber that resemble “fl uff balls,” “snowballs,” or a “string of 
pearls” [ 1 ,  11 ]. Infections with yeast (e.g.,  Candida ) are more indolent than infec-
tions with molds (e.g.,  Aspergillus ) and portend better visual prognoses [ 23 ].   
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    Endogenous Endophthalmitis 

 Endogenous endophthalmitis is an uncommon form of endophthalmitis, accounting 
for about 5 to 10 % of all endophthalmitis cases [ 1 ]. It is due to hematogenous 
spread of infection to the eye and is nearly always caused by bacterial or fungal 
infection (Figs.  6.3  and  6.4 ). There is a high prevalence of systemic comorbid ill-
nesses and factors in patients who present with endogenous endophthalmitis, 
including uncontrolled diabetes mellitus, malignancies, intravenous drug use, organ 
abscess, immunosuppressive therapy, indwelling catheter, end-stage renal or liver 
disease, and endocarditis [ 1 ,  24 ,  54 ,  55 ]. However, some patients have no predispos-
ing factors, and rarely no source of infection is found [ 55 ]. 

 Unlike in exogenous endophthalmitis, fungal infection is more prevalent than 
bacterial infection in many series of endogenous endophthalmitis [ 54 ,  56 ,  57 ]. The 
most common type of fungal infection is by  Candida  species, followed by 
 Aspergillus  (Fig.  6.5 ) [ 24 ,  58 ]. Mold species such as  Aspergillus  are more com-
monly associated with systemic immunosuppression and organ transplantation, and 
signs of endophthalmitis manifest rapidly [ 59 ]. Endogenous  Candida  endophthal-
mitis is often more indolent and presentation can be delayed; misdiagnosis in these 
cases is common [ 60 ].  Candida  may start as choroidal lesions with minimal vitre-
ous involvement, and these early candidal infections may resolve with systemic 
antifungal medications alone [ 61 ].

   Endogenous bacterial endophthalmitis is usually due to gram-positive bacteria 
such as  Staphylococcus  (usually  S. aureus ) and  Streptococcus  species (e.g.,  S. pneu-
moniae ,  Group B Streptococcus ,  Enterococcus ) in the Western world [ 2 ,  57 ]. 
However, in Asian countries, gram-negative species, particularly  Klebsiella  species, 
are the most common cause of endogenous bacterial endophthalmitis, and preva-
lence of gram-negative infections is also increasing in Western countries [ 3 ,  54 ,  56 ]. 

a b

  Fig. 6.5    Endogenous fungal endophthalmitis. Infection was due to  Candida albicans , introduced 
into the bloodstream via intravenous heroin abuse. ( a ,  b ) There was moderate vitritis in the right 
eye and severe vitritis in the left eye, with multifocal fl uffy vitreous balls of infl ammation. In the 
right eye, the vitritis appeared to emanate from a fl uffy chorioretinal lesion in the posterior pole, 
just inferior to the macula       
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In these cases, liver abscess is typically the source of infection. In a series from a 
major Taiwanese hospital, nearly 2/3 of all endogenous endophthalmitis patients 
had liver abscesses, and most of these patients had  Klebsiella  endophthalmitis [ 56 ]. 

 Nocardia endophthalmitis is typically seen in patients with underlying immuno-
suppression, although it may also occur in otherwise healthy individuals [ 9 ,  62 ]. It 
is commonly associated with pulmonary infection, although ocular symptoms are 
often the presenting complaints [ 63 ]. 

  Presentation 
 The presenting ocular symptoms and signs are similar to exogenous endophthalmitis, 
as discussed above. Symptoms can vary from patient to patient, with some having more 
indolent presentation if less pathogenic organisms are involved or more acute presenta-
tions if highly virulent pathogens are the culprit. However, since the pathogenesis 
involves the hematogenous spread of infection to the eye from another source, often 
there may also be systemic signs and symptoms, with fever and fl u- like symptoms 
being most common and occurring in approximately 1/3 of patients. In fact, nearly 
75 % of patients have some form of preceding or accompanying sign of systemic infec-
tion [ 3 ,  54 ]. In addition, because of the hematogenous spread of the infection, bilateral 
involvement can occur in up to 1/3 of cases [ 1 ,  3 ,  54 ]. Diagnosis of endogenous endo-
phthalmitis may be diffi cult, as there is often no inciting illness noted by history. Up to 
25 % of cases were misdiagnosed or had a delayed diagnosis in one study [ 3 ].  

 Also, because endogenous infections spread from the choroid, intraocular infec-
tions may only involve the choroid or subretinal space without causing fulminant endo-
phthalmitis (Fig.  6.6 ) [ 9 ,  58 ,  63 ]. Subretinal abscess is an uncommon manifestation of 

a b

  Fig. 6.6    Subretinal abscess. Infection was to methicillin-sensitive  Staphylococcus aureus  intro-
duced into the bloodstream via a skin abscess. ( a ) Examination revealed moderate vitritis and a 
large multilobular subretinal white mass with overlying exudative retinal detachment, as well as 
multiple white-centered intraretinal hemorrhages. ( b ) An open skin wound       
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endogenous endophthalmitis. Subretinal abscesses usually appear in the posterior fun-
dus as yellow-white circumscribed lesions, often with hemorrhages in the overlying 
retina, and mild to moderate vitreous infl ammation. Subretinal pseudohypopyon and 
more extensive exudative detachment may occur in advanced cases [ 9 ].  Nocardia  is the 
organism most commonly associated with these lesions, although other organisms may 
also cause subretinal abscess [ 9 ].

    Diagnostic Testing 
 Diagnosis of the causative organism in endogenous endophthalmitis is often aided 
by vitreous biopsy, as blood cultures are negative in many of these cases. Blood 
cultures may only be positive 33–50 % of the time [ 3 ,  64 ], while vitreous biopsy 
may be positive in up to 87 % of patients [ 64 ]. In cases of fungal endophthalmitis or 
subretinal abscess, PPV with vitreous or subretinal fi ne needle biopsy may be par-
ticularly helpful to obtain adequate specimen for culture [ 9 ,  59 ]. Diagnosis of 
 Nocardia  can be particularly challenging, and a PPV with subretinal biopsy is often 
necessary to obtain an adequate sample for culture [ 63 ].  

 Additional systemic testing may be tailored to symptoms and suspected organ-
isms. Management should be done in conjunction with an infectious disease expert. 
Blood and serological testing is often helpful to detect systemic disease. There may 
be a leukocytosis, with increased neutrophil count. Erythrocyte sedimentation rate 
and C-reactive protein, which are nonspecifi c tests of infl ammation, are often ele-
vated, particularly in cases of endocarditis. Other niduses of infection are common 
and can be found in a variety of extraocular tissues. Indwelling intravenous cathe-
ters may be removed and cultured. If there are signs of a urinary tract infection, 
urine cultures may be sent. Lung, liver, endocardium, and soft tissue were most 
commonly reported sites of primary infection in one study [ 2 ]. Therefore, lung, 
abdominal, and cardiac imaging, with radiography or echography or both, is impor-
tant in many cases of endogenous endophthalmitis. To detect infection of the aortic 
valve, transesophageal ultrasound may be more sensitive than transthoracic ultra-
sound. In cases of  gram- negative bacterial endogenous endophthalmitis, particu-
larly in  Klebsiella  species infections, a liver abscess is often the primary infection 
site; therefore diagnostic imaging of the abdomen is often advisable in these cases 
[ 54 ]. Head and orbital imaging may be helpful in some cases. 

  Treatment 
 Treatment of endogenous endophthalmitis typically includes hospitalization and 
systemic intravenous antibacterial and/or antifungal medications, in addition to 
intravitreal antibiotic injections. Intravitreal medications and doses are identical to 
those used in exogenous endophthalmitis, as discussed above. Often it is prudent to 
inject antifungal medications in addition to antibacterial medications intravitreally 
if the causative organism is not known. Systemic medications are important in treat-
ment of endogenous endophthalmitis, as there is typically an occult or manifest 
systemic infection in these cases [ 3 ].  

 In fungal endophthalmitis, instead of intravenous amphotericin B or other intra-
venous antifungal agents, oral fl uconazole or voriconazole may be used in some 
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cases as an adjunctive therapy, as the ocular penetration is relatively good [ 59 ,  65 ]. 
Intravitreal amikacin and oral trimethoprim/sulfamethoxazole should be considered 
for treatment of intraocular  Nocardia  [ 63 ]. 

 The role of therapeutic PPV is unclear in endogenous endophthalmitis, but as in 
cases of exogenous endophthalmitis, PPV should be considered in cases where more 
virulent organisms are suspected. In one large series of endogenous endophthalmi-
tis, visual outcomes were better in patients who underwent PPV than in those who 
did not [ 3 ]. PPV may also be used to aid in obtaining a specimen for diagnosis. 

  Prognosis 
 Visual prognosis in these cases is guarded, due to the virulence of organisms typical 
of endogenous endophthalmitis. In one study, visual results were worse prior to 
2001, when visual acuities of better than 20/200 were seen in only 1/3 of patients, 
while after 2001, up to 41 % of patients were able to obtain 20/200 or better vision 
[ 2 ,  3 ]. Up to 20 % of eyes needed enucleation or evisceration in the same study [ 3 ]. 
Of cases of endogenous fungal endophthalmitis, molds such as  Aspergillus  species 
portend the worst visual prognosis (up to 25 % enucleation rate), while yeasts such 
as  Candida  species are associated with the best visual prognoses [ 1 ,  59 ].   

    Atypical Bacteria 

    Tuberculosis 

 Tuberculosis (TB) is a disease caused by infection with  Mycobacterium tuberculo-
sis . It is a systemic disease that can have “protean manifestations” and mainly 
involves the lung [ 66 ]. Although most commonly found in the lung, the disease may 
manifest anywhere in the body; extrapulmonary sites may include the gastrointesti-
nal tract, genitourinary tract, skin, central nervous system, and eye. In some cases, 
the organism can disseminate from the lungs by hematogenous spread to various 
organs resulting from seeding of tissues with small nodules of infection; this is 
termed miliary tuberculosis [ 66 ]. 

 There is an annual incidence of approximately nine million cases per year, and 
TB is the cause of three million deaths yearly worldwide [ 66 ]. The disease is uncom-
mon in the USA but is becoming increasingly more common in underdeveloped 
regions of the world. In the USA, immigrants and racial and ethnic minorities are 
most affected, with the most common groups being Asian immigrants. Most of the 
new cases of TB in the USA are due to reactivation of latent TB in HIV-infected 
individuals [ 67 ]. 

  Presentation 
  Mycobacterium tuberculosis  (TB) is an acid-fast bacillus that spreads via airborne 
droplets, which can remain suspended in the air for a few hours. Over 90 % of peo-
ple infected with TB never develop symptoms, 5 % develop the disease in the fi rst 
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few years after infection, and the remaining 5 % develop symptoms later because of 
a weakened immune system. In this last group of patients, termed latent TB, most 
patients remain asymptomatic, but a few surviving dormant bacilli occasionally 
reactivate and can cause a wide variety of symptoms. There is no radiographic evi-
dence of pulmonary involvement in latent TB [ 68 ].  

 TB is considered to be a “great masquerader,” along with Lyme disease and 
syphilis, and can manifest in the eye as infl ammation in a large variety of ocular 
structures. The most common ocular manifestations are posterior uveitis and panu-
veitis, and intraocular manifestations often also include choroidal granulomas 
(Figs.  6.7  and  6.8 ). Other presentations include subretinal abscess, serpiginous-like 
choroiditis, intermediate uveitis, and retinal vasculitis and/or vascular occlusion 
(Eales’ disease) [ 68 ]. Anterior segment manifestations are less common, and appear-
ance can include anterior uveitis, phlyctenulosis, episcleritis and scleritis, and 
peripheral ulcerative keratitis [ 67 ]. Of the anterior segment presentations, granulo-
matous anterior uveitis is most common and may be associated with anterior seg-
ment granulomas or nodules [ 66 ].

    Choroidal granulomas are the most common manifestation of ocular TB and usu-
ally are found in conjunction with systemic TB infection, either pulmonary or extra-
pulmonary. They can be unifocal or multifocal, are white or yellow in color, and can 

Multifocal Choroiditis of Unknown Etiology 
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  Fig. 6.7    Multifocal choroiditis of unknown etiology.  MEWDS  multiple evanescent white dot syn-
drome,  AMPPE  acute multifocal placoid posterior epitheliopathy,  PIC  punctate inner choroidopa-
thy,  MFC  multifocal choroiditis,  TB  tuberculosis,  DUSN  diffuse unilateral subacute neuroretinitis       
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have overlying hemorrhage, exudate, or subretinal fl uid [ 66 ]. Small granulomas are 
termed tubercles, and larger ones are termed tuberculomas [ 66 ]. If they enlarge 
further, a subretinal abscess may form. 

 Eales’ disease is caused by periphlebitis, secondary retinal non-perfusion, and 
often leads to subsequent retinal neovascularization with vitreous hemorrhage or 
tractional retinal detachment. The precise mechanism is unknown but is thought to 
be due to hypersensitivity to an antigen of  Mycobacterium tuberculosis  [ 69 ]. 

 Serpiginous-like choroiditis is a more recently recognized manifestation of 
TB. Like Eales’ disease, serpiginous-like choroiditis may be related to hypersensi-
tivity to a mycobacterial antigen and results in multifocal plaque-like choroiditis 
that may or may not be contiguous in the posterior pole. Distinguishing features 
from noninfectious serpiginous choroiditis may include associated vitritis, unilat-
eral presentation, and sparing of the peripapillary region, but the two entities may be 
diffi cult to distinguish from each other, and testing for TB and subsequent response 
to TB treatment is often necessary to make the distinction. 

a

c

b

  Fig. 6.8    Tuberculosis neuroretinitis. CT scan of the chest and positive interferon-gamma immu-
noassay confi rmed presumed intraocular tuberculosis. ( a ) Granulomatous peripapillary chorioreti-
nal lesion with surrounding subretinal hemorrhage and an associated partial macular star. ( b ) 
Fluorescein angiography showed early hyperfl uorescence and late leakage from the granuloma and 
associated mild retinal vascular staining and leakage. ( c ) Visual acuity gradually returned to nor-
mal and retinal fi ndings improved after 4 months of treatment       
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  Diagnostic Testing 
 Diagnosis of TB may be diffi cult due to the paucity and diffi culty of obtaining 
organisms for culture or staining. To aid in diagnosis, tuberculin skin testing (TST) 
has long been used to assess for prior exposure to  Mycobacterium tuberculosis . In 
this test, a small amount of mycobacterial antigen, or purifi ed protein derivative 
(PPD), is injected subcutaneously. A positive TST appears as a raised reddish skin 
reaction at the site of injection.  

 One of the disadvantages of the TST is that the skin reaction is delayed, and the 
test must be read between 48–72 h after administration, which may delay diagnosis 
and requires patients to return to the clinic for reading. Additionally, results may be 
diffi cult to interpret in patients who have previously been exposed to the bacille 
Calmette–Guerin (BCG) vaccine, as this vaccine can produce false-positive skin 
testing results. More recently, T-cell interferon-gamma release assays have been 
developed, which have the advantage of permitting same-day results from a single 
blood serum sample and increased specifi city for  Mycobacterium tuberculosis  
which avoids false-positive results due to previous BCG vaccination [ 70 ]. 

 If organisms can be obtained, and a patient has ocular manifestations of TB, the 
patient is said to have  confi rmed  ocular TB. If no organism specimen is obtained but 
the patient has ocular manifestations along with positive testing for TB which may 
include tuberculin skin testing, positive interferon-gamma serum testing, a lesion on 
chest radiography consistent with TB, or extrapulmonary imaging consistent with 
TB, then the patient is said to have  presumed  ocular TB [ 68 ]. The disadvantage of 
relying on a positive TST or interferon-gamma serum assay is that these tests cannot 
distinguish between latent and active tuberculosis infection [ 67 ]. In these cases, 
mycobacterium DNA may sometimes be obtained by sampling of the ocular fl uid, 
which may then be sent for PCR assay. However, the yield of ocular fl uid biopsy and 
PCR testing is low in TB; therefore routine ocular fl uid sampling is not warranted in 
most cases of presumed ocular TB [ 66 ,  67 ]. 

  Treatment 
 The management of ocular tuberculosis is complex, even more so in the era of 
multidrug-resistant TB. Management should be done in conjunction with an infec-
tious disease expert. Treatment of ocular TB is the same as treatment for pulmonary 
or extrapulmonary TB [ 71 ]. In general, the Centers for Disease Control (CDC) rec-
ommends use of the four common anti-TB drugs (isoniazid, rifampicin, pyrazin-
amide, and ethambutol) for an initial 2-month period followed by a choice of 
different options over the next 4–7 months for treatment of tuberculosis. Usually, 
pyrazinamide and ethambutol are stopped, and isoniazid and rifampin are continued 
to complete a 9–12-month treatment course, although recommendations vary [ 66 ].  

 Corticosteroids may be used in conjunction with the anti-TB therapy but should 
not be used alone when treating ocular TB. If a patient has infl ammatory uveitis 
unrelated to TB, but also has latent TB (a positive TST or interferon-gamma assay), 
corticosteroids or immunomodulators may be given but only in conjunction with 
isoniazid or rifampin monotherapy for a full treatment course for latent TB [ 66 ].  
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    Syphilis 

 Syphilis, infection by the spirochete  Treponema pallidum , is another rare but impor-
tant cause of intraocular infection and secondary uveitis. It is spread by sexual con-
tact, transplacentally to the fetus, or rarely by blood transfusion [ 68 ]. There are three 
clinical stages of syphilis. In primary syphilis, a painless chancre is often observed 
at the site of inoculation, which disappears spontaneously over 4–6 weeks. 
Secondary syphilis may then follow, presenting with fever, malaise, and mucocuta-
neous lesions. This is the most infectious stage of syphilis, and ocular involvement 
occurs in up to 10 % of cases. Tertiary syphilis occurs later, months or years after 
primary infection, and is characterized by gummas, which are soft, tumor-like 
 nodules of infl ammation. Latent syphilis may also occur, which implies seropositiv-
ity but no symptoms of active disease. Neurosyphilis can occur at any stage and is 
classifi ed as early or late [ 68 ]. 

 Rates of syphilis in the developed world, including the USA, have been increas-
ing over the past two decades, probably due to an increase in unprotected sex in the 
era of antiretroviral therapy for the human immunodefi ciency virus (HIV) [ 72 ]. In 
the USA, the rate of primary and secondary syphilis in 2013 was more than double 
that in 2000. Young men account for the majority of cases in the USA, and men hav-
ing sex with men represents the highest risk group [ 73 ]. Tertiary syphilis is the most 
common presentation of the disease, representing over 2/3 of cases in the USA in 
2012 [ 74 ]. In the current era, coinfection with HIV is common, occurring in approx-
imately 1/2 of newly diagnosed syphilis cases [ 74 ]. Therefore, if a new diagnosis of 
syphilis is made, additional testing for HIV infection is crucial. 

  Presentation 
 Like tuberculosis, ocular syphilis is a “great masquerader,” as it can present with 
infl ammation in any part of the eye and can have a large variety of appearances. 
Syphilitic uveitis usually presents with granulomatous infl ammation and can pres-
ent as nonspecifi c anterior, intermediate, or posterior uveitis or as panuveitis, 
episcleritis/scleritis, or keratitis. Posterior manifestations are most common and 
include vitreous infl ammation, chorioretinitis, retinal vasculitis, serous retinal 
detachment, and, rarely, necrotizing retinitis. Optic nerve manifestations include 
infl ammatory disk edema, neuroretinitis, pallor, or optic nerve nodules (gummas). 
Because of the variety of presentations, testing for syphilis infection should be con-
sidered for many cases of chronic uveitis.  

 There are distinctive appearances of retinal infection that can assist in rapid diag-
nosis of syphilitic uveitis. The fi rst is the presence of superfi cial retinal precipitates 
in panuveitis [ 75 ]. The precipitates are small and creamy and can migrate over the 
infected regions of retina. Retinitis caused by syphilis has a mildly opacifi ed appear-
ance, which is often distinct from the typical chalky white appearance of necrotiz-
ing retinitis seen with viral infections (Figs.  6.9  and  6.10 ). One of the other features 
of syphilitic retinitis is that it leaves behind minimal disruption of the retinal pig-
ment epithelium when it heals [ 75 ].
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    Another distinctive pattern is that of acute syphilitic posterior placoid chorioreti-
nitis [ 76 ,  77 ]. This appears as a discrete nummular area of outer retinal and inner 
choroidal infl ammation in the posterior pole (Fig.  6.11 ). The lesion is gray-white or 
pale yellow, with evidence of central fading and a coarsely stippled hyperpigmenta-
tion pattern [ 77 ].

   Congenital or latent syphilis can produce ophthalmic abnormalities such as optic 
neuropathies or pseudoretinitis pigmentosa but may not have active evidence of 
clinical disease and should be considered in patients with an appearance of unex-
plained optic neuropathy or retinal pigmentary changes with visual loss [ 74 ]. 

  Diagnostic Testing 
 Clinical appearance can be further defi ned with multimodal retinal imaging, includ-
ing fl uorescein angiography (FA), indocyanine green angiography (ICGA), fundus 
autofl uorescence, and optical coherence tomography [ 74 ]. In particular, posterior 
placoid chorioretinitis has the characteristic appearance of early and late hypofl uo-
rescence on ICGA, stippled hyperautofl uorescence, and small amounts of subretinal 
fl uid on OCT [ 76 ,  78 ].  
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  Fig. 6.9    Retinitis of unknown etiology.  TB  tuberculosis,  HIV  human immunodefi ciency virus, 
 PCR  polymerase chain reaction,  HSV  herpes simplex virus,  VZV  varicella zoster virus,  CMV  cyto-
megalovirus,  ARN  acute retinal necrosis,  PORN  progressive outer retinal necrosis       
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 Serologic testing is the standard for diagnosis of syphilitic uveitis. Seronegativity 
is rare but can occasionally occur, most commonly in HIV-positive patients. 
Commonly, two categories of tests may be ordered: treponemal and nontreponemal 
tests. The CDC currently recommends enzyme immunoassays and chemolumines-
cent immunoassays as the primary screening tests for syphilis to detect antibodies 
to treponemal antigens, followed by refl ex testing of positive specimens with a non-
treponemal test: the rapid plasma reagin (RPR) or the Venereal Disease Research 
Laboratory test (VDRL) [ 74 ]. 

 The reason for this sequence of testing is that some patients will be positive by 
treponemal-specifi c tests but negative by RPR/VDRL. Because sensitivity of the 
treponemal-specifi c tests is higher than RPR/VDRL and specifi city is lower, discor-
dant results are expected. Specimens positive by treponemal-specifi c tests and nega-
tive on RPR/VDRL are submitted for a confi rmatory  Treponema pallidum  particle 
agglutination test (TP-PA), and if that test is positive, a diagnosis of syphilis is 
confi rmed [ 74 ]. Once a diagnosis of syphilis is made, the nontreponemal tests (RPR 
or VDRL) are useful to monitor response to treatment. 

 Patients with a new diagnosis of syphilitic uveitis should also have examination 
of the cerebrospinal fl uid. Patients who have a prior diagnosis of syphilis as well as 

a b

c

  Fig. 6.10    Syphilitic retinitis. Diagnosis confi rmed with serologic testing. ( a ,  b ) Vitritis and diffuse 
retinal vascular sheathing in both eyes. In the right eye, there was a patch of peripheral nummular 
and grayish-colored retinitis. The optic disks were mildly elevated and edematous. ( c ) Further 
review of systems revealed a maculopapular rash on the soles of both feet       
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new unexplained ophthalmic abnormalities also warrant further investigation with 
examination of the cerebrospinal fl uid [ 79 ]. VDRL is less sensitive than 
 treponema- specifi c testing in the cerebrospinal fl uid. Occasionally, only leukocyto-
sis or elevated protein is present in neurosyphilis [ 74 ]. 

  Treatment 
 Ocular syphilis is typically considered secondary syphilis as well as neurologic 
syphilis. It is treated in the same manner as neurosyphilis according to CDC guide-
lines. Subsequent fourfold decrease in titer by the nontreponemal test (RPR or 
VDRL) is evidence of a response to treatment [ 79 ]. Treatment should be given with 
guidance of an infectious disease specialist.  

 Intravenous or intramuscular penicillin is the drug of choice for ocular syphilis. 
The recommended adult regimen is intravenous penicillin G administered either in 
q4 hour doses or by continuous infusion for 10–14 days. The alternative regimen, 
if access to therapy can be ensured, is procaine penicillin intramuscularly once 
daily plus oral probenecid four times a day, both for 10–14 days. An extended 
course of benzathine penicillin intramuscularly once per week for up to 3 weeks 

a b

c

  Fig. 6.11    Acute syphilitic posterior placoid chorioretinitis. Diagnosis confi rmed with serologic 
testing and histopathology of skin lesion. ( a ) A discrete nummular area of outer retinal and inner 
choroidal infl ammation in the posterior pole is evident. ( b ) Fluorescein angiography reveals early 
hyperfl uorescence with late leakage in the region of retinitis. ( c ) Optical coherence tomography 
reveals irregularities of the retinal pigment epithelium and disruptions of the ellipsoid zone       
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can be considered to provide longer duration of therapy [ 74 ]. Generally, the 
infl ammation subsides with penicillin treatment with visual improvement within 
1 month [ 78 ]. 

 Oral corticosteroid may be used to decrease ocular infl ammation and to avoid the 
Jarisch–Herxheimer reaction, a febrile infl ammatory reaction caused by release of 
antigens from lysis of  Treponema pallidum  or other infectious organisms after ini-
tiation of treatment. Corticosteroids should only be given after systemic antibiotic 
treatment has been initiated [ 80 ].  

    Lyme Disease 

 Lyme disease is an arthropod-borne zoonosis prevalent in North America and 
Europe and is transmitted by the Ixodes tick. Lyme disease is caused by infection 
with the spirochete  Borrelia burgdorferi  in the USA, but other forms of  Borrelia  
may cause the disease in European countries [ 81 ]. As in syphilis, there are three 
clinical stages of Lyme disease. Stage one occurs between 1 and 4 weeks after 
inoculation and is typifi ed by an expanding circular rash (erythema migrans) and 
nonspecifi c fl u-like symptoms. Stage 2 occurs after 4 weeks and involves hematog-
enous dissemination of the infection to other parts of the body. Symptoms can be 
varied but may include more diffuse skin rash, neurologic symptoms, arthritis, and/
or carditis [ 81 ]. Stage 3 may occur months or years after initial infection and often 
is associated with central nervous system manifestations. Ocular manifestations are 
most common in stage 2 or 3 of the disease [ 82 ]. 

 Incidence of Lyme disease in the USA has been increasing since national surveil-
lance was instituted in 1991. Lyme disease is regional, with most cases occurring in 
New England and the mid-Atlantic states and less commonly in parts of the Northern 
Midwest and Pacifi c states. The natural reservoirs for  B. burgdorferi  are small mam-
mals and birds. Deer are not competent hosts for the spirochete but are important in 
sustaining the life cycle of the Ixodes ticks. Because of the mode of transmission, 
spring and summer months are the most common times for primary infection with 
 Borrelia  [ 81 ]. 

  Presentation 
 As with syphilis, ocular manifestations of infection with  Borrelia burgdorferi  can 
be highly variable. The most common manifestation in the eye is conjunctivitis, 
which is usually self-limited and often does not represent true infection but is rather 
part of a fl u-like syndrome in the fi rst or early second stage of the disease [ 83 ]. As 
part of ocular infection, anterior manifestations may include keratitis, scleritis/
episcleritis, and anterior uveitis. Intermediate uveitis is the most common form of 
uveitis associated with Lyme disease. Posterior involvement commonly may include 
macular edema, retinal vasculitis, and papillopathy and less commonly retinal venu-
lar occlusions or multifocal chorioretinitis [ 84 ]. In cases of optic neuritis, concomi-
tant presence of cranial nerve palsies is common (mostly VI or VII) [ 82 ].  
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  Diagnostic Testing 
 Serologic testing for Lyme disease is typically performed to confi rm the diagnosis 
of ocular Lyme. Two-tier serologic testing for antibodies to  B. burgdorferi  is recom-
mended. A quantitative test, usually an enzyme-linked immunosorbent assay 
[ELISA] of the concentration of antibodies to  B. burgdorferi , is fi rst performed, and 
if results are positive or equivocal, a Western blot is performed. Testing is often 
falsely negative in primary infection; therefore presence of the classic rash of ery-
thema migrans may alone be diagnostic in early cases. The sensitivity of two-tier 
testing is much better in patients either with second- or third-stage Lyme disease 
(80–100 %). Although tests for antibodies have good sensitivity and specifi city in 
patients who have had untreated infection for a month or longer, these tests should 
not be used for screening persons with a low probability of infection because of the 
poor positive predictive value in such patients [ 85 ].  

  Treatment 
 Treatment often involves a 2- to 4-week course of systemic antibiotics and should 
be guided by an infectious disease specialist. Early manifestations of Lyme may be 
treated with a course of oral doxycycline, amoxicillin, or cefuroxime, while late or 
neurologic Lyme may require intravenous administration of ceftriaxone or cefo-
taxime. Rates of cure with oral agents alone are in the 90 % range [ 81 ]. About 15 % 
of patients have a reaction similar to the Jarisch–Herxheimer reaction (increased 
temperature, myalgia, and arthralgia) within 24 h after treatment is begun with any 
of the above antimicrobial agents, as a result of an increase in circulating toxins 
associated with lysis of spirochetes [ 85 ].   

    Cat Scratch Disease 

 Cat scratch disease is prevalent worldwide and is a zoonosis caused by infection by 
 Bartonella henselae. Bartonella  are small gram-negative rods and are facultative 
intracellular bacteria within the class  Proteobacteria  [ 86 ]. The primary host reser-
voir for  B. henselae  is the domestic cat; more than 90 % of all cases of cat scratch 
disease are associated with a history of contact with cats less than 1 year old [ 87 ]. 
Infection of cats with  B. henselae  is common, but the transmission of the infection 
to humans is rare [ 88 ]. The cat fl ea,  Ctenocephalides felis , has been established as 
the transmission vector from cat to cat and is thought to be a possible human vector 
as well [ 88 ]. 

  Presentation 
 In most cases, cat scratch disease is a benign and self-limited condition. A localized 
skin lesion is usually seen at the inoculation site, sometimes accompanied by mild 
fl u-like symptoms. These symptoms are typically followed by regional lymphade-
nopathy that will slowly resolve over weeks to months. Ocular involvement has 
been estimated to occur in up to 10 % of patients with cat scratch disease [ 89 ].  
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 The most common ocular complication of cat scratch disease is Parinaud’s ocu-
loglandular syndrome, a self-limited condition typifi ed by follicular conjunctivitis, 
regional lymphadenopathy, and fever. Posterior segment manifestations of cat 
scratch disease include neuroretinitis, focal retinitis, focal choroiditis, multifocal 
retinitis or choroiditis, vasculitis, intermediate uveitis, and vascular occlusions. 
Though only 1–2 % of patients infected with  B. henselae  develop neuroretinitis, 
among all patients with neuroretinitis, nearly two-thirds are seropositive for  B. 
henselae , making cat scratch disease the most common cause of this condition. 
Neuroretinitis is typifi ed by unilateral optic nerve head swelling with an associated 
exudative macular response, often in the pattern of a macular star (Fig.  6.8 ). Most 
patients with focal retinochoroiditis or neuroretinitis will have some degree of vitre-
ous and/or anterior chamber infl ammation [ 88 ]. 

  Diagnostic Testing 
 Serologic testing is commonly used in the diagnosis of cat scratch disease. Culture 
or PCR-based analysis of tissue and/or fl uid samples is uncommon but can occa-
sionally be of use. There are two different serologic tests for the diagnosis of cat 
scratch disease. One involves an indirect immunofl uorescent assay for the detection 
of serum anti- B. henselae  antibodies. Sensitivity and specifi city of this test are high 
in immunocompetent patients. The other is an ELISA directed toward serum anti-
bodies, but this test is more variable in sensitivity and specifi city, resulting in greater 
false-negative reporting [ 88 ].  

  Treatment 
 Cat scratch disease is often self-limited, so antibiotics are generally reserved for 
only the most severe infections. Immunocompromised patients affected with cat 
scratch disease tend to have a more protracted course and often require antibiotics. 
The most commonly used antibiotics are oral erythromycin or doxycycline. 
Doxycycline is typically preferred over erythromycin due to greater intraocular 
penetration. Both medications can be given intravenously or combined with oral 
rifampin in more severe infections. The duration of treatment is usually 2–4 weeks 
for immunocompetent patients and up to 4 months for immunocompromised 
patients [ 88 ].   

    Rickettsioses 

 Rickettsioses are a group of arthropod-borne zoonoses due to obligate intracellular 
small gram-negative bacteria. They are rare diseases, but intraocular involvement 
has been described. Most of them are transmitted to humans by the bite of contami-
nated ticks. Rickettsial agents are classifi ed into three major categories: the spotted 
fever group, the typhus group, and scrub typhus. The spotted fever group includes 
Mediterranean spotted fever (MSF) and Rocky Mountain spotted fever (RMSF), 
among others. MSF is caused by the organism  Rickettsia conorii  and is prevalent in 
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Mediterranean countries and Central Asia. RMSF is caused by  Rickettsia rickettsii  
and is endemic in parts of the Americas, especially in the South-Eastern and South- 
Central USA. Epidemic typhus is caused by the  Rickettsia prowazekii  and is usually 
found in crowded areas in populations with poor hygiene, such as during wars and 
natural disasters. Murine typhus, which is caused by  R. typhi , is found worldwide in 
warm-climate countries. Scrub typhus, which is caused by  Orientia tsutsugamushi , 
is found in East Asian countries [ 90 – 94 ]. See Table  6.2  for additional information 
on this unusual infection.

       Whipple’s Disease 

 Whipple’s disease is a rare, multivisceral, and chronic infection typically presenting 
by a symptom triad of diarrhea, weight loss, and malabsorption. The digestive 
symptoms are often preceded for months or years by other symptoms, the most 
common being arthralgia, although cardiovascular, neurologic, or pulmonary 
involvement may be more prominent at times. Although the source of transmission 
is unknown, direct bacterial invasion has been found in numerous cases in various 
sites, including the eye. The bacteria  Tropheryma whipplei  most commonly invades 
the intestinal lamina propria and the vacuoles of “foamy” macrophages; less fre-
quently, they are found in other intestinal mucosal structures, such as polymorpho-
nuclear cells, smooth muscle, capillaries, lymphocytes, plasma cells, and mast cells. 
All of the clinical eye manifestations are nonspecifi c, including glaucoma, chemo-
sis, retinal hemorrhage, papilledema, corneal ulcers, optic atrophy, and epiphora 
[ 95 ,  96 ]. Other patients have minimal intestinal symptoms with predominant ocular 
manifestations, leading to unfortunate delays in establishing a diagnosis. See 
Table  6.2  for additional information.   

    Viral Infections 

     Acute Retinal Necrosis 

 Acute retinal necrosis (ARN) is a rare and severe syndrome caused by intraocular 
infection by one of the herpes virus family. Although historically thought to affect 
otherwise healthy adults, more recently certain underlying immune characteristics, 
including certain human leukocyte antigen (HLA) subtypes, have been found that 
put patients at higher risk for the infection [ 97 ]. Immunosuppressive medications 
such as corticosteroids have been shown to predispose to infection [ 98 ]. Patients 
who are severely immunocompromised may present with a subtype of ARN called 
progressive outer retinal necrosis (PORN), described below. 

 The infectious agents associated with ARN and PORN are members of the herpes 
virus family. Varicella zoster virus (VZV) is most common, and most of the remain-
ing cases are caused by infection by the herpes simplex virus (HSV)-1 or HSV-2. 
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Rarely, cytomegalovirus (CMV) or Epstein–Barr virus (EBV) may be the etiological 
agent. VZV and HSV-1 are more likely in older patients, while HSV-2 is more com-
mon in young adults and children [ 99 ]. In patients with concomitant encephalitis or 
meningitis, the most likely pathogenic agents are HSV-1 and HSV-2, respectively. 

  Presentation 
 ARN is characterized by multifocal patches of retinal necrosis with discrete bor-
ders, usually starting in the peripheral retina, rapid progression of disease, cir-
cumferential spread, occlusive retinal vasculitis affecting arterioles preferentially, 
and moderate to severe infl ammation in the vitreous and anterior chamber [ 100 ]. 
ARN is usually unilateral but can be bilateral (10–30 %) [ 101 ,  102 ]. PORN is 
characterized by a similar appearance of multifocal necrotizing retinitis with rela-
tively little vitreous infl ammation. PORN often involves the posterior pole on 
presentation but can involve any portion of the retina [ 103 ]. PORN is more rap-
idly progressive than ARN, and bilateral involvement is more common (up to 
80 %) [ 104 ,  105 ].  

 Patients with ARN may present with eye redness, achy pain, photophobia, and/or 
vision loss. Anterior segment examination may demonstrate conjunctival and epi-
scleral infl ammation and either granulomatous or non-granulomatous infl ammation. 
Examination of the posterior segment may reveal vitreous infl ammation, retinal 
arteriolar sheathing, multifocal necrotizing retinitis, and/or optic nerve head edema 

  Fig. 6.12    Acute retinal necrosis. PCR was positive for herpes simplex type 1 in the right eye. 
There was severe vitritis, and retinal examination revealed extensive and confl uent chalky retinitis 
and severe occlusive retinal vasculitis. The optic disk was moderately edematous, and there was a 
small lesion of retinitis in the papillomacular bundle       
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(Figs.  6.12  and  6.13 ). Second eye involvement typically occurs within 6 weeks of 
presentation of the infection in the fi rst eye but can occur months or years later [ 97 ].

    As the active retinal infection resolves with treatment, affected areas develop 
pigmentary changes and retinal atrophy, often with a scalloped appearance at the 
junction of involved and uninvolved retina. Rhegmatogenous retinal detachment is 
a common consequence of infection and occurs in up to three-quarters of the eyes 
with ARN; retinal detachment may develop weeks to months after initial presenta-
tion of infection [ 106 ]. Other late complications of ARN may include chronic vitri-
tis, macular edema, optic atrophy, epiretinal membrane formation, and recurrence 
of infection in the same or fellow eye [ 97 ]. 

  Diagnostic Testing 
 Laboratory testing of intraocular samples is often valuable in the diagnosis of ARN 
and PORN. Past diagnostic techniques included antibody-based analysis of serum 
or intraocular fl uid, viral culture, and pathological examination of retinal specimens 
[ 97 ]. More recently, PCR analysis of intraocular fl uid has become the most com-
monly used test and may infl uence treatment in a portion of cases. A small sample 
of aqueous fl uid is usually suffi cient to detect VZV, HSV, or CMV DNA, and results 

a b

c d

  Fig. 6.13    Acute retinal necrosis. An anterior chamber paracentesis was positive for VZV. ( a – d ) 
Posterior examination revealed moderate vitritis and multifocal peripheral patchy retinitis lesions 
with discrete borders       
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are typically available within 1 week. Specifi city and sensitivity of these tests are 
high [ 107 ]. PCR testing for the herpes viruses is often done in conjunction with 
PCR testing for toxoplasmosis, which may mimic ARN in some cases [ 97 ].  

  Treatment 
 The mainstay of treatment in ARN and PORN is systemic antiviral medication, 
which can stop the progression of the disease and reduce the risk of bilateral involve-
ment [ 102 ]. Historically, acyclovir has been the systemic drug of choice, and because 
the bioavailability of oral acyclovir is relatively low, patients treated with this agent 
typically undergo induction therapy with intravenous acyclovir, requiring hospital-
ization. The typical induction dose for acyclovir is 10 to 15 mg/kg divided three times 
a day for 7 days, followed by oral acyclovir 800 mg fi ve times a day for 3–4 months 
[ 108 ]. With the advent of the newer oral agents valacyclovir and famciclovir, which 
have much greater bioavailability than oral acyclovir and can produce systemic con-
centrations nearly equal to those obtained with intravenous acyclovir, patients with 
ARN may be treated on an outpatient basis in some cases [ 109 ]. More specifi cally, 
oral agents may be considered in immunocompetent and compliant patients with 
relatively good vision. The initiating oral dose of valacyclovir is 1–2 g three times 
daily, and the initiating oral dose of famciclovir is 500 mg three times daily. Of note, 
these agents may cause renal toxicity; therefore renal function should be monitored.  

 Depending on treatment response and the type of virus involved, other systemic 
agents may be considered, including intravenous ganciclovir, intravenous foscarnet, 
and oral valganciclovir [ 97 ]. In cases of CMV, oral valganciclovir has good bio-
availability and may be used similarly to valacyclovir for the other herpes viruses. 
The standard dose of valganciclovir is 900 mg twice daily for 3 weeks followed by 
450 mg twice daily for maintenance. Although rare, some strains of HSV and VZV 
are resistant to acyclovir, and some strains of CMV are resistant to ganciclovir; most 
of these resistant cases respond to intravenous or intravitreal foscarnet [ 110 ]. 
Notably, ganciclovir may cause bone marrow suppression, and foscarnet may cause 
renal and central nervous system toxicity. 

 For certain severe cases, intravitreal injection of the antiviral medications foscar-
net and/or ganciclovir may be considered for supplemental treatment of ARN or 
PORN, in conjunction with systemic antiviral therapy. Intravitreal foscarnet can be 
administered at a dose of 2.4 mg/0.1 ml, which requires no dilution from the com-
mercially available intravenous solution. The typical dose of intravitreal ganciclovir 
is 2 mg/0.1 ml, which can be given two or three times weekly [ 97 ]. 

 Prophylactic laser retinopexy to prevent retinal detachment has been advocated 
by some authors, although the recommendation for prophylactic laser as standard 
treatment has remained controversial [ 111 ]. In cases of retinal detachment, often 
there are both tractional and rhegmatogenous components, and vitrectomy is neces-
sary to obtain anatomic reattachment of the retina. Some believe that early vitrec-
tomy lowers the risk of retinal detachment, while others do not [ 97 ,  101 ]. 

 In cases where signifi cant infl ammation is contributing to the vision loss, a 
course of oral corticosteroids may be considered. Corticosteroids should only be 
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used in conjunction with systemic antiviral medication. A loading dose of 0.5 mg/
kg/day of prednisone for the fi rst 7–10 days of treatment is typical [ 97 ]. The use of 
oral aspirin to prevent retinal vascular occlusion has been suggested as well, but its 
use has not been standard [ 112 ]. 

  Prognosis 
 Prognosis in ARN is guarded, and poor prognostic indicators include immunosup-
pressed state, bilateral involvement, macular involvement, optic nerve involvement, 
and retinal detachment. In one series, 50 % of patients had 20/200 or worse visual 
acuity at 6 months follow-up [ 106 ].   

    Human Immunodefi ciency Virus and Opportunistic Infections 

 Opportunistic infections manifest when the immune system is compromised for any 
reason. Immunodefi ciencies may arise from a host of causes, including acquired 
immune defi ciency syndrome (AIDS), malignancy, pharmacologic immunosup-
pression, uncontrolled diabetes mellitus, and other illnesses. Much of the study of 
opportunistic infections in the eye has occurred through research of patients with 
AIDS, but much of the discussion of opportunistic infections in this section may 
pertain to other causes of immunodefi ciency. 

 AIDS is an expanding cause of morbidity and mortality worldwide, affecting 
over 30 million people [ 113 ]. It is caused by infection by the human immunodefi -
ciency virus (HIV) retrovirus, which preferentially attacks CD4+ T-lymphocytes. 
The resultant immunodefi ciency, termed AIDS, is caused by destruction of these 
cells and leads to the development of opportunistic infections, the main cause of 
illness and death in HIV-infected patients. HIV may be transmitted by sexual inter-
course, blood-to-blood contact, transplacentally, or during breastfeeding. 

 Over 90 % of people with AIDS live in developing countries. Worldwide, the 
highest number of HIV-infected individuals is in sub-Saharan Africa, but the num-
ber of new cases is increasing rapidly in other areas of the world, including India 
and Southeast Asia. The demographics in the USA have shifted, although men who 
have sex with men remain the highest risk group. Racial and ethnic minorities rep-
resent a disproportionately high portion of those affected in the USA [ 114 ]. In the 
majority of cases in underdeveloped parts of the world, HIV transmission occurs 
through heterosexual contact [ 113 ]. 

 The advent of highly active antiretroviral therapy (HAART) in the late 1990s has 
resulted in a marked reduction in mortality and a decreased incidence of associated 
opportunistic infections and neoplasms, including those of the eye. However, 
despite development of HAART, many patients in underdeveloped countries do not 
have access to these medications, and ocular manifestations of AIDS may affect 
50–75 % of infected persons at some point in their disease course if left untreated 
with HAART. Ocular manifestations may be caused by extraocular (e.g., neuro- 
ophthalmic) and intraocular infection. Ocular manifestations caused by intraocular 
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infection will be discussed in this section and may be divided into three categories: 
HIV retinopathy, opportunistic malignancies, and opportunistic infections [ 115 ]. 

    HIV Retinopathy 

 Retinal microvasculopathy, termed  HIV retinopathy , is the most common ocular 
manifestation of HIV. It affects up to 60 % of HIV-positive patients at some point 
during their disease if untreated with HAART. The prevalence of retinal microvas-
cular changes increases as CD4 counts decrease. Forty-fi ve percent of HIV-positive 
patients with CD4 count less than 50 cells/μl will have clinically evident microvas-
culopathy, versus only 16 % who have CD4 counts greater than 50 cells/μl [ 116 ]. 

 HIV retinopathy manifests as cotton-wool spots, usually in the posterior pole. 
Microaneurysms may also be apparent. Cotton-wool spots are usually small and can 
be distinguished from CMV retinitis by their typically smaller size, a lack of associ-
ated retinal hemorrhage, and lack of enlargement over time. Most patients with reti-
nal microvasculopathy are asymptomatic, although larger cotton-wool spots in the 
posterior pole may cause small scotomata [ 117 ]. Rarely, macular edema due to 
microvascular disease may cause blurred central vision [ 118 ]. The pathophysiology 
of HIV retinopathy is unclear; histopathologic fi ndings resemble those in diabetic 
retinopathy [ 119 ]. Treatment of HIV retinopathy is not typically indicated, but its 
presence is a marker of severe immunodefi ciency [ 115 ].  

    Opportunistic Lymphoma 

 Non-Hodgkin B-cell lymphoma (NHL) is a malignancy associated with Epstein–
Barr virus infection in patients with HIV/AIDS. Intraocular involvement may rarely 
occur and is usually associated with central nervous system and/or systemic involve-
ment in the AIDS population [ 120 ]. Intraocular manifestations of NHL include vitri-
tis, retinitis, retinal vasculitis and vascular occlusion, multifocal choroiditis, subretinal 
mass, and anterior uveitis. NHL should be considered in cases of retinitis unrespon-
sive to antiviral and other antibiotic medications. If the diagnosis is unknown, a diag-
nostic vitrectomy may be performed; cytological examination of the vitreous will 
show neoplastic cells characteristic of large cell lymphoma [ 115 ]. Magnetic reso-
nance imaging is warranted to determine presence of central nervous system involve-
ment. Treatment options include radiation and chemotherapy. Prognosis for survival 
in AIDS patients with central nervous system lymphoma is poor [ 121 ].  

    Opportunistic Infections 

 A variety of systemic opportunistic infections associated with HIV/AIDS may 
cause intraocular infection. Because systemic treatment often cannot fully eradicate 
these infections, treatment typically begins with an “induction” phase and is then 
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continued in a “maintenance” phase. Maintenance treatment may sometimes be 
stopped once immunosuppression improves with induction of HAART therapy. 
Posterior segment opportunistic infections typically present as either necrotizing 
retinitis or multifocal choroiditis. When retinitis is associated with signifi cant vitri-
tis and anterior chamber infl ammation, there is usually a higher CD4 count, and 
ARN, toxoplasmosis, syphilis, or cryptococcosis may be considered. If there is little 
intraocular infl ammation, there is usually a lower CD4 count, and CMV retinitis and 
PORN are higher on the differential. Toxoplasmosis, cryptococcosis, tuberculosis, 
and syphilis may present as retinitis or choroiditis, while  Pneumocystis  infection 
presents as choroiditis [ 115 ]. Discussion of many of these intraocular infections is 
discussed elsewhere in this chapter, but  Pneumocystis  infection, cryptococcosis, 
and CMV retinitis will be discussed here.  

    Pneumocystis 

  Pneumocystis carinii  pneumonia was once one of the most common systemic 
opportunistic infections in AIDS patients in the industrialized world but is much 
less common in the era of HAART. Extrapulmonary infection is uncommon in 
patients with AIDS, but ocular involvement may occur. Ocular manifestations of  P. 
carinii  include conjunctivitis, orbital mass, optic neuropathy, and choroiditis. 
Choroidal infection is the most common ocular manifestation and is typically bilat-
eral and multifocal; lesions are yellow and well-demarcated, usually located in the 
posterior pole, and are not associated with intraocular infl ammation or retinal vas-
culitis [ 122 ]. Prior to HAART, pneumocystis choroiditis was an indication of dis-
seminated infection in severely immunocompromised patients, and median survival 
following diagnosis was less than 1 year [ 123 ]. Ocular lesions respond in most cases 
to induction and subsequent maintenance treatment with systemic pentamidine, tri-
methoprim and sulfamethoxazole, or dapsone [ 123 ].  

    Cryptococcus 

 Cryptococcus in HIV/AIDS typically causes meningitis; therefore the most com-
mon ocular manifestations are neuro-ophthalmic. Cryptococcal choroiditis is the 
most common intraocular manifestation, and the source may be hematogenous 
spread from the lungs or direct extension from cryptococcal meningitis. Choroidal 
lesions may be multifocal, solitary, or confl uent (Fig.  6.14 ) [ 124 ]. Other ophthalmic 
manifestations include eyelid nodules, conjunctival mass, granulomatous iritis, iris 
mass, vitritis, necrotizing retinitis, endophthalmitis, and optic neuritis [ 115 ]. 
Treatment of cryptococcal choroiditis is systemic intravenous antifungal medica-
tion; therapy should be determined by an infectious disease specialist. Although 
infection may respond to therapy, visual outcome is often limited by optic atrophy, 
which may be due to the infection itself or secondary to high intracranial pressure 
and resulting optic nerve damage [ 115 ].
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       Cytomegalovirus Retinitis 

 CMV retinitis was extremely common in the USA in the era before HAART ther-
apy; around one-third of patients with AIDS in the USA would develop CMV reti-
nitis [ 125 ]. CMV retinitis occurs only in severely immunodefi cient patients, nearly 
always with CD4 counts of less than 50 cells/μl. In the era preceding HAART, 
therefore, life expectancies of patients who presented with CMV retinitis were 
extremely low, usually less than 1–2 years. In underdeveloped countries, the rela-
tively low incidence of CMV retinitis is likely due to low life expectancy, i.e., 
patients die before developing CMV retinitis [ 113 ]. 

 The clinical appearance of CMV retinitis is usually distinctive. Infection usually 
starts as a solitary lesion, in contrast to the retinitis in ARN and PORN. Advancement 
of infection into normal retina is characterized by a dry granular border with mul-
tiple dot-like satellite lesions. Other than the retinitis, intraocular infl ammation is 
typically minimal. Spread of the infection is relentless without treatment with anti-

a b

c d

  Fig. 6.14    Cryptococcus chorioretinitis.  Cryptococcus  antigen in the spinal fl uid was highly posi-
tive (1:256). Blood cultures were eventually positive for  Cryptococcus . The patient was HIV- 
positive with poor follow-up. ( a ,  b ) Fundus examination revealed no intraocular infl ammation and 
multiple choroidal yellow plaque-like lesions, involving the macula in the right eye and sparing the 
macula in the left eye. ( c ,  d ) Visual acuity and fundus fi ndings improved with antifungal 
treatment       
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viral medication and HAART [ 113 ]. Patients may present with either a more fulmi-
nant form, characterized by retinal necrosis with hemorrhage that develops in the 
posterior retina, or a more indolent form, seen as a granular lesion in the peripheral 
retina, often with little or no associated hemorrhage. An uncommon presentation is 
frosted branch angiitis [ 115 ]. Because a sizeable minority of patients with CMV 
retinopathy are asymptomatic, routine ophthalmoscopic screening has been recom-
mended at 3-month intervals in severely immunocompromised individuals with 
CD4 counts less than 50 cells/ul [ 126 ]. 

 For treatment of CMV retinitis in AIDS patients, intravenous ganciclovir, foscar-
net, or cidofovir may be used. More recently, oral valganciclovir, a prodrug of gan-
ciclovir with excellent bioavailability, has been used to treat CMV. Notably, all of 
these drugs only inactivate and do not eradicate the infection; therefore they must be 
continued until the patient is no longer severely immunocompromised. In many 
cases, signs of disease activity persist despite treatment with these drugs, especially 
late in the course of disease; therefore additional initiation with HAART is critical 
to eradicate the disease [ 113 ]. 

 In combination with systemic therapy, local intravitreal injections of either gan-
ciclovir or foscarnet may be used to achieve high drug levels (as discussed in the 
Sect.  6.1 ). To achieve adequate dosage, injections must be given 2–3 times weekly; 
for this reason, the ganciclovir implant was developed, which released relatively 
high intraocular drug levels for approximately 8 months [ 113 ]. However, because of 
the rapid decline in incidence of CMV retinitis with the advent of HAART, the gan-
ciclovir implant is no longer in production, and its use is now historical. 

 Besides systemic treatment with anti-CMV medication, the most important treat-
ment of newly diagnosed CMV retinitis is to start HAART in patients who have not 
yet started HIV treatment or to reestablish immune recovery by switching medications 
in patients who are already receiving HAART medication. In some practices, HAART 
therapy initiation may be delayed until treatment for CMV is started to reduce the risk 
of systemic infl ammatory reactions against the pathogens released during immune 
recovery [ 113 ]. Once immune recovery has been achieved, meaning sustained CD4 
counts of greater than 100 cells/uL for 6 months, treatment for CMV may be stopped 
as long as there are no signs of persistent infection [ 127 ]. CMV retinitis can reactivate 
after anti-CMV drugs are stopped; therefore patients must be monitored for recur-
rence. The most helpful laboratory indicators are CD4 count and HIV viral load [ 128 ]. 

 Immune recovery uveitis is a complication of treatment of CMV retinitis patients 
with HAART; it is caused by immune reaction to CMV antigens made worse by 
recovery of the immune system with treatment of HIV/AIDS [ 129 ]. The most severe 
infl ammatory response usually begins within several weeks after starting HAART, 
and complications include macular edema, epiretinal membrane, retinal neovascu-
larization, and a host of other complications of severe uveitis. Patients with immune 
recovery uveitis may require local or systemic corticosteroids to treat infl ammation; 
systemic CMV infection is usually eradicated once immune recovery is achieved, 
and systemic anti-CMV medications may often be stopped [ 113 ]. 

 Although not as common as in ARN, retinal detachment is a common complica-
tion of CMV retinitis. In the era before HAART, retinal detachments occurred in 
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more than one-third of patients with CMV retinitis who survived 1 year or longer. 
More recently, the risk of detachment is substantially less among patients receiving 
HAART, perhaps because of better infection control resulting in smaller lesions and 
more adherent scars [ 130 ]. As in ARN, retinal detachment is often due to a combi-
nation of tractional and rhegmatogenous components, and treatment requires vitrec-
tomy with laser and either gas, or more commonly, silicone oil tamponade.   

    West Nile Virus 

 West Nile virus (WNV) infection is caused by an enveloped single-stranded RNA 
 Flavivirus , passed to humans by the  Culex  mosquito, with wild birds serving as the 
reservoir. Much more rarely, blood-to-blood or transplacental transmission may 
occur [ 131 ]. It is present in many parts of the world including Africa, Europe, 
Australia, and Asia, and, since 1999, it has spread rapidly throughout many parts of 
the Western hemisphere, including the USA [ 132 ]. Peak season for contraction of 
the disease is in the summer months. 

  Presentation 
 Incubation lasts between 2 and 14 days. About 80 % of human infections are asymp-
tomatic; only 20 % of people develop symptoms. Symptomatic patients usually 
have a self-limited febrile fl u-like illness, which usually lasts less than a week. 
Fever is often high grade (>39 °C). Severe neurologic disease (meningoencephali-
tis) is rare, occurring in approximately 1 % of patients, and is associated with 
advanced age and diabetes mellitus [ 131 ]. Patients with WNV meningoencephalitis 
may present with a wide variety of neurological symptoms following more typical 
systemic complaints earlier in the disease.  

 Several ophthalmologic fi ndings have been recognized, including chorioretinitis, 
anterior uveitis, retinal vasculitis, and optic neuritis. Multifocal chorioretinitis is the 
most common fi nding, occurring in almost 80 % of patients with acute WNV infec-
tion and associated neurologic illness [ 133 ]. An associated mild to moderate vitritis 
is frequently observed. Most patients have minimal or no ocular symptoms. Active 
chorioretinal lesions appear as small circular deep creamy lesions, while inactive 
chorioretinal lesions are atrophic and partially pigmented with a “target-like” 
appearance. Chorioretinal lesions nearly always involve the periphery but also often 
involve the posterior pole. Linear clustering of chorioretinal lesions is common, 
sometimes mirroring the course of retinal nerve fi bers [ 134 ]. Other ophthalmic 
manifestations include anterior uveitis, vitritis, retinal hemorrhages, optic nerve 
edema, and retinal vascular sheathing. 

  Diagnostic Testing 
 Serum testing may be helpful in diagnosis of infection with WNV. The most com-
mon serum test is detection of WNV IgM antibodies in serum with an enzyme- 
linked immunosorbent assay (ELISA). Testing for IgM antibodies may also be 
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performed on cerebrospinal fl uid to confi rm infection of the central nervous system; 
positive testing confi rms WNV meningoencephalitis [ 131 ,  135 ]. Cross-reactivity 
may occur with other similar viruses, and special testing may be necessary to dif-
ferentiate WNV from infection with one of these other viruses [ 131 ].  

  Treatment 
 There is, at present, no proven treatment for WNV infection, but supportive therapy is 
indicated in severe cases. Prevention of mosquito bites is the mainstay in reducing 
possibility of infection. Topical corticosteroids may be helpful for cases of anterior 
uveitis, and various ophthalmic treatments may be indicated for secondary ophthalmic 
complications (e.g., panretinal photocoagulation for retinal neovascularization) [ 90 ].  

  Prognosis 
 The outcome of WNV systemic disease is good in most patients, but neurologic 
sequelae or even death may occur in severe cases of WNV meningoencephalitis 
[ 135 ]. Ocular manifestations are usually self-limited. Inactive choroidal lesions 
may leave behind pigmented scars and can sometimes cause visual impairment if 
involving the macula or optic nerve. Rarely, severe occlusive retinal vasculitis may 
result in retinal neovascularization and its sequelae [ 90 ].   

    Rift Valley Fever 

 Rift Valley fever (RVF) is an arthropod-borne viral zoonosis caused by Bunyaviridae. 
The virus primarily infects domesticated cattle. It is transmitted to humans by either 
mosquito bite or through contact with infected animals, and the disease can occur in 
epidemics. RVF has been found in sub-Saharan and North Africa and more recently 
in the Arabian Peninsula [ 90 ,  136 – 138 ]. For additional information, see Table  6.2 .  

    Dengue Fever 

 Dengue fever is the most common mosquito-borne viral zoonosis in humans. It is 
caused by the dengue virus, a  Flavivirus , and is transmitted by the  Aedes aegypti  
mosquito. It is common in tropical and subtropical regions and affl icts 100 million 
people annually [ 139 ]. See Table  6.2  for additional information.  

    Chikungunya 

 Chikungunya virus is an arthropod-borne  Alphavirus  that causes epidemics of 
human disease by transmission via several mosquito species, usually  Aedes aegypti . 
It was originally endemic in parts of west, central, and southern Africa. In 2004, 
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novel and highly contagious strains emerged in Kenya, which then spread to sev-
eral islands in the Indian Ocean, most notably La Reunion. These more infectious 
strains continued to spread throughout Asia, and subsequently a few outbreaks 
were seen in Europe. In 2013, a large outbreak began to spread through the 
Americas, and the virus has now been noted in the Caribbean, Central America, 
South America, and Mexico [ 90 ,  138 ,  140 – 146 ]. See Table  6.2  for additional 
information.  

    Coxsackievirus 

 Coxsackievirus is a type of enterovirus that may cause a variety of syndromes in 
humans. A number of different serotypes are known, grouped into “type A” and 
“type B,” some of which have been reported to rarely cause ocular symptoms in 
addition to systemic disease. The most well-known syndrome related to the virus is 
hand, foot, and mouth disease, which is frequently associated with Coxsackievirus 
type A16 [ 147 – 151 ]. The disease is usually brief and benign and most common in 
children. For additional information, see Table  6.2 .   

    Protozoa and Parasites 

    Ocular Toxoplasmosis 

  Toxoplasma gondii  is an obligate intracellular protozoan parasite and is the most 
common cause of infectious posterior uveitis in the world. It is most prevalent in 
South and Latin America as well as Africa and parts of Asia, where seropositivity 
may be over 80 %, but the organism is found in many other parts of the world, 
including the USA (seropositivity around 10 %) [ 152 ]. 

  T. gondii  exists in three states: oocysts, tachyzoites, and bradyzoites. Oocysts are 
the product of the parasite’s sexual cycle in the intestine of felines and release infec-
tious sporozoites in cat feces. Tachyzoites are asexual forms that arise after inges-
tion of sporozoites by the new host that damage host tissue through rapid replication. 
Tachyzoites transform into bradyzoites after the host immune system begins attack-
ing the parasite. Bradyzoites are cysts that reside dormant in tissues and replicate 
slowly without causing signifi cant disease unless they reactivate into the tachyzoite 
state again. In humans, bradyzoites are often harbored in the central nervous sys-
tem, including the eye. 

 Humans become infected by ingestion of undercooked cyst-contaminated meat 
products or by sporulated oocysts from cat feces, which can be found in contami-
nated water, soil, or on vegetables [ 153 ]. Toxoplasmosis is a well-known cause of 
congenital infection; however, most cases are contracted after birth [ 154 ]. 
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  Presentation 
 Necrotizing focal chorioretinitis with overlying vitritis, the classic “headlight in 
fog” if vitritis is dense, is the typical ocular presentation of toxoplasmosis, but a 
variety of other presentations may be manifest. However, intraocular infl ammation 
does not occur in the absence of a retinal lesion. In secondary infection, the infec-
tion is reactivated at the site of a preexisting chorioretinal scar, and retinitis appears 
adjacent to the scar; 70 % of cases that present to ophthalmologists are due to sec-
ondary infection (Fig.  6.15 ) [ 155 ]. In primary infection, no chorioretinal scar has 
yet developed. The retinitis in toxoplasmosis may be diffi cult to distinguish from 
ARN secondary to viral infection, and testing and treatment for both conditions may 
be warranted initially (Fig.  6.16 ). Congenital toxoplasmosis may be diffi cult to dis-
tinguish from acquired toxoplasmosis, but congenital lesions are more commonly 
found in the macula and are more likely to be bilateral [ 155 ].

a b

c

  Fig. 6.15    Ocular toxoplasmosis. An anterior chamber paracentesis was negative for toxoplasmo-
sis via PCR. Serum testing was positive for toxoplasmosis IgG. ( a ) Moderate vitritis and severe 
optic nerve infl ammation, with fl uffy white chorioretinal infi ltrates evident on the nasal border of 
the optic disk, and sheathing of the peripapillary retinal vessels. ( b ) Over 2 weeks, infl ammation 
improved with trimethoprim/sulfamethoxazole. ( c ) By 2 months, a peripapillary chorioretinal scar 
became evident, suggesting secondary retinitis and papillitis secondary to prior ocular 
toxoplasmosis       
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     An unusual but well-described presentation of primary or secondary intraocular 
toxoplasmosis is punctate outer retinal toxoplasmosis (PORT), characterized by 
multifocal small lesions in the deep retina and RPE. Because the infl ammation is 
focal and deep, there is usually minimal associated vitritis. After resolution of 
PORT, granular white lesions may remain, and often patients are left with visual 
loss due to optic neuropathy [ 156 ]. Patients with PORT are usually in the pediatric 
age group and may arise from either congenital or acquired infection [ 153 ]. 

 Other presentations may include neuroretinitis with a macular scar, scleritis, 
granulomatous anterior uveitis, trabeculitis, retinal vasculitis, proliferative vitreo-
retinopathy, and vitreous hemorrhage and tractional retinal detachment due to sec-
ondary retinal neovascularization [ 153 ]. Retinal arteriolar plaques, or Kyrieleis 
plaques, may occur adjacent to the active toxoplasmosis retinitis but are not charac-
teristic of toxoplasmosis. 

 Patients who present with secondary infection are usually young adults between 
the ages of 20 and 40 years, while those that present with primary toxoplasmosis 
infections are usually older, between 40 and 60 years [ 155 ]. Recurrence is common, 
occurring in up to 80 % of patients followed for at least 5 years [ 155 ,  157 ]. Severe 
presentations of ocular toxoplasmosis may be associated with older age or immuno-
compromised states, including HIV/AIDS [ 153 ]. 

  Diagnostic Testing 
 Serum testing, usually ELISA, may be helpful in distinguishing primary toxo-
plasmosis, in which IgM or IgA antibodies may be present, from cases of reacti-
vation. Presence of IgG antibodies is a sign of prior infection; a positive 

a b

  Fig. 6.16    Retinitis secondary to toxoplasmosis. Vitreous paracentesis was positive for toxoplas-
mosis via PCR. ( a ) Moderate vitritis is evident. There is diffuse preretinal fi brosis over the poste-
rior pole. There are multifocal patches of discrete retinitis, most notably superotemporally. No 
chorioretinal scar suggestive of toxoplasmosis is evident. ( b ) Fluorescein angiography demon-
strates staining of the retinal veins and early hyperfl uorescence with late leakage at the border of 
retinitis superotemporally. The optic nerve is hyperfl uorescent       
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toxoplasma IgG may be of little diagnostic benefi t in populations with high sero-
positivity rates [ 158 ].  

 Testing of intraocular specimens, whether aqueous or vitreous humor, may be 
helpful in diagnosis of ocular toxoplasmosis. Both PCR testing and detection of 
intraocular toxoplasma-specifi c antibodies may be utilized. Intraocular antibody 
synthesis is determined by the Goldmann–Witmer coeffi cient (GWC), which is 
based on the comparison of the  T. gondii -specifi c antibodies in the aqueous humor 
and in the serum in relation to the globulin titers in the same fl uids. A high coeffi -
cient indicates active toxoplasmosis infection [ 159 ]. However, the time interval 
before activation of local antibody production may vary, and false negatives may 
occur when using the GWC alone; therefore more recently DNA amplifi cation 
using PCR has become the test of choice when examining intraocular fl uid speci-
mens, either alone or in combination with antibody testing [ 153 ]. 

  Treatment 
 Treatment of toxoplasmosis remains controversial, as there is disagreement regard-
ing indications for treatment as well as ideal treatment regimen. In most immuno-
competent patients with ocular toxoplasmosis, the intraocular infl ammation is 
self-limited; therefore treatment may not be indicated if the active lesion is small 
and peripheral. Common indications for treatment include active retinitis with pos-
terior lesions near the optic nerve or macula, large lesions >2 disk diameters, or 
lesions in immunocompromised individuals.  

 Antibiotic therapy is usually given for a 6–8-week course. Classic antibiotic 
therapy consists of three-drug combination therapy including pyrimethamine, sulfa-
diazine, and folinic acid. More recently, less toxic medications have become popu-
lar in the treatment of toxoplasmosis, including clindamycin, azithromycin, 
atovaquone, and trimethoprim/sulfamethoxazole. These medications have been 
used in combination or alone to treat ocular toxoplasmosis. However, there have 
been no defi nitive clinical trials examining the effi cacy of these medications in 
improving visual outcomes or in decreasing rates of recurrence [ 160 ]. Alternatively, 
clindamycin (450 ug/0.1 ml) may be injected directly intravitreally, which provides 
more targeted antibiotic treatment for severe cases [ 161 ]. 

 Corticosteroid therapy, either oral, periocular, or topical, may be administered in 
conjunction with antibiotic therapy in cases of severe vitritis or anterior chamber 
reaction. It is not recommended unless antibiotic therapy is given in conjunction, as 
the resultant immunosuppression caused by these medications may lead to fulmi-
nant and progressive infection [ 162 ]. 

  Prognosis 
 Most cases of ocular toxoplasmosis are self-limited. Infl ammation usually improves 
between 2 and 4 months after presentation. However, the macula and optic nerve 
may be involved, particularly in cases of congenital toxoplasmosis. Approximately 
25 % of ocular toxoplasmosis cases may result in visual acuity of 20/200 or worse. 
In addition, recurrences are common; nearly 80 % of patients who were followed for 
more than 5 years had an episode of recurrence in one study [ 155 ].   
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    Malaria 

 Malaria is a worldwide health problem, resulting in death of over 1 million people 
annually. It is caused by infection of erythrocytes by  Plasmodium , which are proto-
zoa transmitted to humans by mosquito bite, most commonly the  Anopheles  mos-
quito. There are fi ve species of  Plasmodium , the prevalence of which varies 
regionally: P.  falciparum ,  P. vivax ,  P. malariae ,  P. ovale , and  P. knowlesi . The dis-
ease is endemic to parts of Africa, Asia, and Latin America. New cases have been 
reported in the USA, although most cases in the USA are imported after travel to 
more endemic regions of the world [ 145 ,  163 – 166 ]. See Table  6.2  for additional 
information.  

    Toxocariasis 

 Toxocariasis is an infection caused by larvae of  Toxocara canis  (dog roundworm) 
and less frequently by  Toxocara cati  (cat roundworm). It is contracted by ingestion 
of soil or food products contaminated with embryonated eggs. Once ingested, larvae 
hatch in the small intestine and then migrate to tissues, most notably the lungs, 
muscle, and eyes. Larvae resident in human tissue never develop into adult organ-
isms capable of reproduction [ 167 ]. The organism is common in many parts of the 
world, including the USA, but symptomatic  Toxocara  infection is comparatively 
rare [ 167 ]. 

  Presentation 
 The systemic form of toxocariasis is termed “viscera larva migrans,” which is char-
acterized by fever, malaise, hepatosplenomegaly, rash, and leukocytosis. Ocular 
toxocariasis, or “ocular larva migrans,” is the most common localized manifestation 
of  Toxocara . Ocular toxocariasis lesions are unilateral 90 % of the time and appear 
as a whitish mass involving the retina and peripheral vitreous. A fi brovascular band 
often runs between the lesion and the posterior pole or optic nerve (Fig.  6.17 ). The 
lesions may be associated with vitritis or vitreous haze early in the infection. Other 
manifestations include panuveitis, posterior pole granuloma, optic nerve granu-
loma, and vitreous lesions. It is one of the conditions that may cause leukocoria in 
the pediatric population [ 168 ].

     Diagnostic Testing 
 Serologic testing is often inconclusive in ocular toxocariasis, and diagnosis may be 
diffi cult. Although eosinophilia is often present in systemic infection, this is often 
not the case in ocular toxocariasis. ELISA and calculation of Goldmann–Witmer 
coeffi cients may be performed on intraocular fl uids to aid in diagnosis; PCR may be 
negative as  Toxocara  DNA is not often shed into intraocular fl uids [ 167 ]. Vitreous 
biopsy and cytology may be helpful in diffi cult cases [ 169 ].  
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  Treatment 
 Corticosteroids are the mainstay in treatment of intraocular infl ammation and can 
be administered topically, periocularly, or systemically. Treatment with oral alben-
dazole in ocular toxocariasis is controversial, as it is thought to increase infl amma-
tory response in some cases as organism antigens are released [ 170 ]. There have 
been several reports of pars plana vitrectomy for ocular toxocariasis, which is indi-
cated in cases of tractional or rhegmatogenous retinal detachment, endophthalmitis, 
or vitreous hemorrhage secondary to retinal neovascularization [ 167 ].  

  Prognosis 
 Visual prognosis in ocular toxocariasis is often poor and is often due to retinal scar-
ring, detachment, or other sequelae from long-standing intraocular infl ammation. In 
one report, one-third of patients had visual acuity of 20/200 or worse [ 171 ].   

    Diffuse Unilateral Subacute Neuroretinitis 

 The term  diffuse unilateral subacute neuroretinitis  (DUSN) was fi rst used by Gass 
and Scelfo in 1978 [ 177 ]. They described a syndrome which included insidious 
severe loss of peripheral and central vision with associated fi ndings of vitreous 

  Fig. 6.17    Ocular toxocariasis. Fundus examination revealed fi ndings suggestive of ocular toxoca-
riasis: a whitish mass involving the retina and peripheral vitreous inferiorly, with a fi brovascular 
band running between the peripheral lesion and the optic nerve. There were a number of multifocal 
chorioretinal scars but no active infl ammation       
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infl ammation, diffuse RPE changes with relative sparing of the macula, narrowing 
of the retinal vessels, optic atrophy, increased retinal circulation time, and subnor-
mal electroretinographic fi ndings. Dr. Gass then observed a nematode in two 
patients with similar presentation, and it became clear that the condition was due to 
migration of a nematode in the subretinal space [ 178 ]. 

 Although nematodes are the causative organisms of DUSN, the exact etiological 
agent is often not clear. Parasites of different sizes and several species of nematodes 
have been reported as the possible etiologic agent of DUSN, including  Toxocara 
canis ,  Baylisascaris procyonis , and  Ancylostoma caninum , but most reports do not 
present conclusive evidence about the specifi c agent. The type of nematode likely 
varies depending on geographic region, as the average size of observed nematodes 
varies depending on region [ 179 ]. 

  Presentation 
 The disease often presents in children or young adults. In the early stage, patients 
may present with scotomas or decreased visual acuity. Ocular fi ndings include mild 
to moderate vitritis, mild optic disk edema, and multifocal evanescent whitish- 
yellow deep retinal and choroidal lesions [ 180 ]. The patchy choroidal lesions resolve 
spontaneously but may reappear along with migration of the worm. In the later 
stage, which is the more common presentation, diffuse degeneration and depigmen-
tation of the RPE, usually most prominent in the peripapillary and peripheral retina, 
occur along with progressive optic nerve atrophy and arteriolar narrowing [ 181 ]. An 
intraocular worm may be seen in 25–40 % of cases and appears as a motile, white, 
glistening nematode that varies in length from 400 to 2,000 μm. The worms may 
sometimes leave tract-like RPE changes in the wake of movement [ 182 ].  

  Diagnostic Testing 
 Serologic testing, stool samples, and blood smears are often not helpful in 
DUSN. Eosinophilia may be seen in some cases and can aid in diagnosis. In both 
the early and late stages, electroretinograms are often diminished but not extin-
guished and can be helpful in making the diagnosis [ 179 ].  

  Treatment 
 If a worm is seen, it can be treated with laser photocoagulation without causing 
signifi cant intraocular infl ammation. In a series of 70 patients diagnosed with 
DUSN, Garcia and colleagues found a live worm in 4 patients in the early stage and 
in 22 in the late stage. After photocoagulation treatment, all the patients in the early 
stage but none in the late stage had improved visual acuity [ 180 ,  181 ]. Oral anti- 
helminthic medications, most notable albendazole, may also be used, but the medi-
cations do not always kill the subretinal nematode [ 183 ,  184 ].  

  Prognosis 
 If caught early and treated, visual acuity often is minimally affected. Visual progno-
sis in late stages is poor, with 80 % of cases resulting in visual acuity of 20/200 or 
worse [ 181 ].   
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    Onchocerciasis 

 Onchocerciasis, or “river blindness,” is caused by infection of  Onchocerca volvulus , 
which is transmitted by the  Simulium  blackfl y, a species that lives and breeds in riv-
ers and streams. The disease affects over 35 million people worldwide and is most 
abundant in Africa, but it may also be found in the Mediterranean and Central and 
South America [ 95 ,  172 – 176 ]. The life cycle of  Onchocerca volvulus  begins when 
the female blackfl y ingests microfi lariae from infected human blood. The microfi -
lariae develop into larvae in the blackfl y and are then transmitted to humans via 
blackfl y bite. The larvae then develop into adult worms, which often settle in subcu-
taneous tissue and form fi brous nodules called onchocercomas. The adult worms 
within these nodules then give rise to microfi lariae, which spread throughout the 
skin, often causing intense skin itching and depigmentation. Death of microfi lariae 
often causes a severe infl ammatory response [ 172 – 176 ]. See Table  6.2  for addi-
tional information.  

    Gnathostomiasis 

 Gnathostomiasis is caused by infection by the nematode  Gnathostoma spinigerum  
or  Gnathostoma hispidum . The disease is found in tropical and subtropical regions 
and is endemic in parts of Asia and Latin America. Humans become accidental 
hosts by ingesting undercooked or raw meat or through penetration of the skin dur-
ing preparation of food [ 174 ,  185 ]. See Table  6.2 .  

    Cysticercosis 

 Cysticercosis is caused by ingestion of undercooked meat (usually pork) containing 
 Cysticercus cellulosae , the larval form of  Taenia solium  or  Taenia saginata . It 
affects an estimated 50 million people worldwide. Endemic areas include Mexico 
and Latin America, sub-Saharan Africa, India, and East Asia [ 174 ,  186 – 188 ]. See 
Table  6.2 .      
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    Chapter 7   
 Infections of the Eyelids, Orbit, 
and Ocular Adnexa                     

     Guneet     Sodhi      ,     Erica     Liu      ,     Jennifer     Renz      , 
    Katrinka     Heher      , and     Mitesh     Kapadia     

          Introduction 

 This chapter provides an overview of the diagnosis and treatment of infections of the 
periocular soft tissues and orbit. Common infections in this area include preseptal and 
orbital cellulitis and infections of the lacrimal outfl ow system. Cellulitis commonly origi-
nates in the paranasal sinuses and spreads to the orbits by direct extension. It is imperative 
to distinguish between a superfi cial infection of the eyelids (preseptal cellulitis) and a 
deeper infection in the orbit (orbital cellulitis), which can lead to cavernous sinus throm-
bosis and morbidity affecting multiple organ systems. It is also important to recognize 
infl ammatory conditions which may mimic infection but require different treatments.  
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    Cellulitis 

    Preseptal Cellulitis 

  Background     Preseptal cellulitis is a common infection of the eyelid soft tissue ante-
rior to the orbital septum. Preseptal cellulitis typically presents with unilateral peri-
orbital erythema and edema (Fig.  7.1 ). Preseptal cellulitis must be distinguished 
from orbital cellulitis, a deeper and more serious infection.

     Etiology     Preseptal cellulitis is most often preceded by an upper respiratory infec-
tion. Prior to widespread usage of the  Haemophilus infl uenzae  type B (HiB) vaccine 
in 2000, HiB was the most common and devastating culprit and was sometimes 
associated with septicemia and meningitis [ 1 ,  2 ]. Since the incidence of HiB infec-
tions has decreased dramatically, the most common organisms involved now are 
 Staphylococcus  and  Streptococcus species  with a notable rise in methicillin- resistant 
 Staphylococcus aureus  (MRSA) [ 1 ,  3 ]. Inoculation can be direct, such as from eye-
lid trauma, insect bites, or infection of hordeola, or it can be subsequent to contigu-
ous spread from paranasal sinusitis or lacrimal system infections. Less commonly, 
preseptal cellulitis can be caused by hematogenous spread from infections else-
where in the body.  

  Diagnosis and workup     Workup starts with a thorough history with focused atten-
tion to potential orbital involvement, type of infectious organism, and sources of 
infection. Symptoms such as double vision, pain with eye movements, or sinus pain 
suggest a diagnosis of orbital cellulitis over preseptal cellulitis. Medical conditions 
including poorly controlled diabetes and immunocompromised states require 

  Fig. 7.1    Child with 
preseptal cellulitis of the 
left eye. Note mild 
erythema and swelling of 
eyelids       
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 consideration for fungal organisms. Recent facial trauma, surgery or injury, sinus-
itis, or IV drug use may suggest possible sources of infection.  

 A full ocular exam should be performed looking for signs of orbital involvement. 
An afferent pupillary defect, pain or limitation of extraocular movements, conjunc-
tival chemosis and injection, resistance to retropulsion, proptosis, a decline in visual 
acuity, or dyschromatopsia should raise suspicion for orbital involvement. Discharge 
from the conjunctiva, eyelid lesions, or puncta can be sent for culture but is often 
contaminated by normal ocular surface fl ora and may not correlate with blood or 
abscess cultures [ 4 ]. If systemic symptoms of fever, headache, or malaise are pres-
ent, it may be prudent to send blood cultures to assess for hematogenous dissemina-
tion and possible sepsis. 

 Imaging studies, ideally a CT scan of the orbits and sinuses with contrast, should 
be considered for all cases where there is no obvious source of infection. Patients 
with mild preseptal cellulitis with an obvious source such as a bug bite or minor 
eyelid trauma can be treated without imaging studies. Imaging in these cases can be 
reserved for a poor response or progression in spite of appropriate initial treatment. 
There is now evidence that the radiation from CT scans is related to an increased 
risk of solid tumors and leukemia, so clinical judgment of the risks and benefi ts 
should always be considered prior to ordering imaging studies [ 5 ]. The goal of 
imaging studies is to identify the presence of sinusitis as a source of infection and 
to look for radiologic evidence of orbital involvement. 

  Differential     Clinical signs are often used to distinguish between preseptal and 
orbital cellulitis, but radiographic studies can be helpful when the diagnosis is 
uncertain. The presence of an orbital fat stranding or a subperiosteal abscess con-
fi rms orbital involvement.  

 Other entities which cause periorbital swelling and can mimic cellulitis include 
idiopathic orbital infl ammation, rhabdomyosarcoma, ruptured dermoid cyst, and 
allergic dermatitis. Viral conjunctivitis can also sometimes cause impressive eyelid 
swelling and be mistaken for cellulitis. Chalazia can provoke an infl ammatory 
response leading to diffuse eyelid swelling. 

  Treatment     Most cases of orbital cellulitis can be treated on an outpatient basis with 
oral antibiotics. We recommend daily monitoring until there is signifi cant improve-
ment to confi rm that the choice of antibiotics is appropriate. Cephalexin and amoxi-
cillin/clavulanic acid are good choices which provide coverage against common 
skin and sinus pathogens. Methicillin-resistant  Staphylococcus aureus  (MRSA) 
infections were usually acquired in hospitals and nursing homes in the past but are 
now frequently encountered in the community setting. If MRSA is suspected, initial 
antibiotic treatment should include double-strength Bactrim. In the setting of eyelid 
trauma, there should be a suspicion for MRSA and anaerobic involvement, in which 
case Bactrim with clindamycin or metronidazole should be added. If a patient does 
not respond to oral antibiotics in 24–48 h, or in children younger than 2 years old, 
the patient should be admitted for IV antibiotics. Common choices include 
 vancomycin and cephalosporins. Any fl uid collection in the eyelids is a potential 
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abscess and requires surgical drainage. In cooperative, adult patients, this can be 
performed at the bedside using local anesthesia. Cultures and sensitivities should 
always be sent when purulent material is encountered in order to help narrow anti-
biotic coverage.  

  Prognosis and complications     Preseptal cellulitis diagnosed and treated promptly 
has an excellent prognosis. Most patients have complete resolution and no long- 
term sequelae.   

    Orbital Cellulitis 

  Background     Orbital cellulitis is an infection of the soft tissues posterior to the orbital 
septum and requires more aggressive management and surveillance than its more 
superfi cial counterpart, preseptal cellulitis. Orbital cellulitis typically presents with 
unilateral eyelid erythema and edema, often with conjunctival chemosis, ophthal-
moplegia, and pain with extraocular movement. Systemic fi ndings may include fever, 
leukocytosis, and malaise. More ominous fi ndings include decreased visual acuity, 
dyschromatopsia, restricted visual fi elds, afferent pupillary defect, and optic nerve 
edema. Bilateral symptoms should raise suspicion for posterior extension (Fig.  7.2 ).

     Etiology     Orbital cellulitis most frequently arises from bacterial upper respiratory 
infections that spread from the paranasal sinuses, most often from the ethmoid sinus 
through the thin lamina papyracea of the medial orbital wall. Other causes include 
posterior extension from an overlying skin infection, dacryocystitis, direct inocula-
tion by trauma, and endophthalmitis [ 6 – 8 ]. Less commonly, orbital cellulitis may 
arise from hematogenous spread from more distant infections. Similar to preseptal 
cellulitis, the most common organisms are  Staphylococcus, Streptococcus , and 
anaerobes spread from upper respiratory tract.  

 For children less than 9 years old, infections are typically from one aerobic 
organism, and for children over 9 years old and adults, infections are typically poly-
microbial with both aerobic and anaerobic bacteria. In immunocompromised and 
diabetic patients, fungal infections such as  Mucor  and  Aspergillus  should be consid-
ered [ 9 ]. 

  Diagnosis and workup     Orbital cellulitis is distinguished from preseptal cellulitis 
by the presence of clinical orbital signs and radiographic evidence of orbital  disease. 

  Fig. 7.2    Orbital cellulitis 
of the right eye. Note 
signifi cant swelling and 
inability to open the eye       
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A CT scan of the orbits and sinuses with contrast is an essential part of the workup 
whenever orbital signs are present and should be performed quickly after presenta-
tion. Findings may include proptosis, orbital fat stranding, or orbital abscess 
(Figs.  7.3  and  7.4 ).

  Fig. 7.3    Idiopathic 
infl ammatory orbital 
disease of the left eye. 
Note signifi cant eyelid 
redness and conjunctival 
chemosis. Patient can still 
open the eye at least 
partially       
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  Fig. 7.4    Preseptal cellulitis versus orbital cellulitis diagnostic and treatment algorithm       
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      Differential      Idiopathic orbital infl ammatory disease  (or orbital pseudotumor) is 
commonly misdiagnosed as orbital cellulitis because of a very similar presentation. 
Both present with periocular swelling and often have pain, proptosis, diplopia, or 
chemosis. However, in contrast to orbital cellulitis, the paranasal sinuses are usually 
clear. Treatment is with corticosteroids and a rapid improvement in symptoms 
within 24–48 h is pathognomonic for this disease. We manage most patients with a 
slow 3-month taper of oral steroids, which help reduce the high recurrence rate 
when patients are tapered more quickly.  

 Other entities which may mimic orbital cellulitis include Wegener’s granuloma-
tosis, sarcoidosis, ruptured dermoid cyst, carotid cavernous fi stula, rhabdomyosar-
coma, scleritis, and sickle cell disease. In children, Langerhans cell histiocytosis 
may present with symptoms suggestive of orbital cellulitis [ 10 ]. 

  Treatment     Patients with orbital cellulitis should be admitted and treated with IV 
antibiotics. In addition to an ophthalmologist, otolaryngologist consultation is rec-
ommended for management of sinusitis and an infectious disease consultant to help 
guide antibiotic treatment. Empiric broad-spectrum antibiotics such as piperacillin- 
tazobactam or ampicillin-sulbactam are frequently used as fi rst-line treatment. With 
the rise in methicillin resistance even in community-acquired  Staphylococcus  infec-
tions, vancomycin may be added if MRSA is suspected. Metronidazole or clindamy-
cin can be added for anaerobic coverage [ 11 ]. Antibiotic selection may later be 
modifi ed once culture and sensitivity results become available. Patients should be 
monitored closely until defi nitive improvement is seen. If no improvement is 
observed after 48 h on IV antibiotics, repeat imaging and changes to antibiotic cov-
erage should be considered. After signifi cant clinical improvement is noted, patients 
are usually transitioned to oral antibiotics in preparation for hospital discharge and 
outpatient management.  

  Prognosis and complications     Complications of orbital cellulitis include optic neu-
ropathy, retinal vein occlusion, cavernous sinus thrombosis, brain abscesses, men-
ingitis, and death [ 9 ,  12 ].  

  Subperiosteal abscesses  must be ruled out in all cases of orbital cellulitis, as this 
condition often warrants surgical intervention. In adults, subperiosteal and orbital 
abscesses require urgent incision and drainage through either a cutaneous or endo-
scopic approach. In children, subperiosteal abscesses can sometimes be watched 
closely to see if there is a response to IV antibiotics before pursuing surgical inter-
vention (Table  7.1 , Fig.  7.5 ).

     Cavernous sinus thrombosis  (CST) is a potentially life-threatening complication 
of orbital cellulitis. The cavernous sinuses receive venous blood from the facial 
veins via the superior and inferior ophthalmic veins, as well as the sphenoid and 
middle cerebral veins, providing a conduit for infections from the orbit, sinuses, 
nose, ears, and teeth. Cranial nerves III–VI course through the cavernous sinus and 
are often affected. CST typically presents with onset of periorbital edema, chemo-
sis, dilated ocular vessels, ophthalmoplegia, ptosis, and proptosis abruptly or over 
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the course of a few days. Unilateral to bilateral spread is common. The most fre-
quently identifi ed pathogen is  Staphylococcus aureus  with less frequent reports of 
 Streptococcus , gram-negative bacilli, anaerobes, and fungi. Magnetic resonance 
venogram (MRV) is the most sensitive imaging study for diagnosing and monitor-
ing CST treatment [ 15 ]. CT angiography is also useful and most often the fi rst study 
performed if unable to perform an MRI due to availability or time. Imaging will 
show irregular fi lling defects in an enhancing cavernous sinus. Treatment is directed 

  Table 7.1    Garcia and Harris 
criteria for medical 
management of subperiosteal 
abscesses of the orbit  

 Observation with IV antibiotics 

 Age less than 9 years old 
 No frontal sinus involvement 
 Medial wall abscess 
 Small-to-moderate size of abscess (less 
than 4 cm in width) 
 No suspicion of anaerobic infection 
 No recurrence after previous drainage 
 No chronic sinusitis 
 No evidence of optic nerve or retinal 
compromise 
 No dental abscess 

  Oxford and McClay [ 13 ], Garcia [ 14 ]  

Yes No

Abscess present?

Recurrence of
infection

Consider
dacryocystorhinostomy

Incision and drainage
of abscess

Heat massage and start
empirical treatment

Oral antibiotics (Cefalexin
or Augmentin) for 7-10

days

Acute Dacryocystitis in Adults
Patient presents with subacute pain, reddening and acute

swelling, epiphora, erythema, and tender fluctuance
inferior to the medial canthus. Discharge may be

expressed from the punctum

  Fig. 7.5    Acute dacryocystitis in adults       
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at the primary infection, with IV antibiotics recommended for a minimum of 3–4 
weeks. Heparin use is controversial given the increased potential for bleeding 
weighed against the possible suppressive role of anticoagulation on the extension of 
infectious thrombophlebitis. Though no randomized controlled studies have been 
conducted, there is evidence that early anticoagulation therapy may have a benefi -
cial effect on mortality and morbidity, reducing oculomotor sequelae, blindness, 
and motor sequelae, as well as the risk of hypopituitarism [ 16 ].  

    Fungal Orbital Cellulitis 

  Background     Fungal orbital cellulitis is a rare but sometimes devastating diagnosis. 
Presentation is varied and depends on the species involved. Mucormycosis tends to 
present as a fulminant, rapidly progressive course, while aspergillosis is typically a 
chronic, indolent infection [ 17 ,  18 ]. Diagnosis may be delayed if the suspicion for 
fungal disease is not considered. In addition, patients are often immunocompro-
mised, contributing to poor outcomes.  

  Etiology     Orbital fungal infection is most often via direct extension from the paranasal 
sinuses. Traumatic inoculation and hematogenous spread are also possible [ 17 ,  19 ]. 
The main risk factors for orbital fungal infections are poorly controlled diabetes and 
immunosuppression, but these diseases may also be seen in seemingly healthy hosts 
without risk factors [ 20 ]. The most common fungal pathogens are both ubiquitous 
molds found in the soil and decaying vegetation:  Mucorales Rhizopus  is a nonseptate 
fi lamentous fungus and  Aspergillus fl avus  is a septate fi lamentous mold [ 18 ,  21 ].  

 Mucormycosis often progresses rapidly with soft tissue and bony destruction by 
vascular spread, thrombosis, and tissue necrosis. Cranial neuropathy is seen early in 
the disease due to involvement of the orbital apex. Mucormycosis is most often seen 
in diabetics, often in the setting of ketoacidosis [ 22 ]. 

 Aspergillosis can be an indolent disease of the sinuses or present in a more ful-
minant manner. 

  Diagnosis and workup     A high index of suspicion is required for fungal infection in 
high-risk individuals as listed above. Diagnosis is frequently delayed due to nonspe-
cifi c symptoms and low clinical suspicion, resulting in a worse prognosis and pos-
sible potentiation of disease [ 21 ].  

 As with bacterial orbital cellulitis, a complete history and ocular exam should be 
undertaken. If  Mucor  is suspected, the oral and nasal cavities should be examined 
for ulceration or black necrotic eschars that are classic for this disease [ 18 ]. 

 Imaging of fungal lesions is often nonspecifi c with heterogenous enhancement 
on CT and subtle enhancement and hypointensity on T1-weighted MRI but may 
also include dense sinusitis with bony erosion [ 20 ]. Defi nitive diagnosis is by tissue 
biopsy. Fine needle aspiration may be suffi cient in some cases, but fungal organisms 
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are often diffi cult to fi nd on pathology, so larger tissue samples are more likely to 
help with the diagnosis.  Mucor  has broad, irregular, nonseptate hyphae that branch 
at right angles and  Aspergillus  has septate hyphae that branch at 45°. The specimen 
can be fi xed in formalin and stained with Gomori’s methenamine silver (GMS) and 
periodic acid-Schiff (PAS) to identify  Mucor  and other fungi. The specimen can be 
sent fresh if a frozen section diagnosis is needed. Calcofl uor-white can be used to 
diagnose Acanthamoeba keratitis. 

  Differential     Fungal orbital cellulitis is frequently misdiagnosed initially as bacte-
rial orbital cellulitis, neoplasm, idiopathic infl ammation of the orbit, or giant cell 
temporal arteritis. Fungal infection should be excluded prior to treatment with ste-
roids for any of the previously named conditions, especially in high-risk immuno-
compromised individuals, as steroids can temporarily improve symptoms of fungal 
infection but worsen the outcome [ 20 ].  

  Treatment     Surgical removal and debridement of affected tissues along with sys-
temic administration of antifungals, most commonly amphotericin B, is considered 
fi rst-line treatment. In many cases, preservation of the globe can be accomplished, 
but advanced cases may require orbital exenteration to control infection [ 23 ]. Risk 
factors such as hyperglycemia and neutropenia should be addressed. Newer antifun-
gals such as voriconazole or itraconazole can be considered in patients who cannot 
tolerate amphotericin B [ 20 ].  

  Prognosis and complications     Morbidity and mortality are high with fungal orbital 
infections. For  Mucor  infections specifi cally, permanent vision loss and cranial 
nerve palsies are common, and mortality is above 50 %, particularly with misdiag-
nosis and delayed treatment [ 18 ,  24 ]. Extension of infection can cause central reti-
nal artery or ophthalmic artery occlusion. Spread to the cavernous sinus can lead to 
cavernous sinus thrombosis and may lead to carotid artery invasion, aneurysm, 
stroke, and death (Table  7.2 ).

   Table 7.2     Mucor  versus  Aspergillus  infections   

 Mucor  Aspergillus 

 Risk factors  Diabetic  Immunocompromised 
 Time course  Acute  Chronic or acute 
 Presentation  Proptosis, ophthalmoplegia, diplopia  Proptosis, ophthalmoplegia, 

diplopia 
 Pathology  Broad irregular nonseptate hyphae that 

branch at 90° 
 Septate hyphae that branch at 45° 

 Treatment  Aggressive debridement, systemic 
antifungal, correction of underlying 
metabolic imbalance 

 Surgical excision, systemic 
antifungal 

 Prognosis  Poor  Fair 
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         The Lacrimal Apparatus 
    Dacryocystitis 

  Background     Dacryocystitis is an infection of the nasolacrimal sac and can be acute 
or chronic. It is the most common infection of the lacrimal apparatus. Acute dacryo-
cystitis often presents with swelling, epiphora, erythema, and tender fl uctuance 
inferior to the medial canthus. Discharge may be present and can often be expressed 
from the punctum with pressure. Frequently there will be accompanying preseptal 
cellulitis [ 25 ]. Chronic dacryocystitis is more common than acute and presents with 
the same symptoms as acute dacryocystitis with a more indolent course. Often 
times, mild discharge is the only symptom, and the diagnosis may be diffi cult to 
make without lacrimal irrigation. If the infection becomes closed off and purulent 
material cannot be expressed from the punctum, a lacrimal sac abscess may develop.  

  Etiology     Dacryocystitis is thought to be precipitated by obstruction of the nasolac-
rimal duct with stasis of tears and debris leading to eventual bacterial proliferation 
and overgrowth. In adults nasolacrimal duct obstruction is usually acquired, while 
in children it is usually congenital [ 4 ,  26 ].  

  Diagnosis and workup     A full history and exam should be performed with particu-
lar focus on previous nasal pathology, surgeries, or trauma. Dacryocystitis is diag-
nosed clinically. Most patients are empirically treated as outpatients with oral 
antibiotics, as cultures are often diffi cult to obtain without surgical drainage. 
Imaging studies are not typically needed for most cases.  

  Differential     Mucocele, granulomatous diseases such as sarcoid or granulomatosis 
polyangiitis (Wegener’s), and malignancies may rarely present as dacryocystitis [ 27 ].  

  Treatment and prognosis     Topical antibiotics are rarely helpful. Most patients can 
be treated with oral antibiotics and monitored, but recurrence is common after anti-
biotics are stopped. Defi nitive treatment is surgical with endoscopic or external dac-
ryocystorhinostomy surgery to relieve the nasolacrimal duct obstruction [ 11 ]. 
Infants should be admitted and monitored very closely given their propensity for 
bacteremia and rapid escalation to systemic involvement. They can often be treated 
successfully with IV antibiotics and probing of the nasolacrimal duct [ 28 ]. The 
development of a lacrimal sac abscess is a common feature of this disease. Low- 
grade abscesses without surrounding cellulitis can often be observed, but large or 
progressive abscess requires surgical drainage (Fig.  7.6 ).

        Canaliculitis 

  Background     Canaliculitis is an infection of the superfi cial portions of the lacrimal 
outfl ow system. The infection may occur primarily or be related to an infected punctal 
plug. It is an uncommon, often misdiagnosed disease more prevalent in females. 
Canaliculitis typically occurs after age 40 with increasing incidence with age. 
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Canaliculitis presents unilaterally with irritation, epiphora, punctal pouting, and muco-
purulent conjunctivitis. There can be swelling, erythema, and tenderness of the lid mar-
gin and conjunctival injection. About 25 % will have lacrimal stones [ 29 ,  30 ]. Pressure 
often precipitates mucopurulent exudates or lacrimal stones from the punctum.  

  Etiology     The most common pathogen is often reported as  Actinomyces israelii  but 
varies depending on the study and whether primary or secondary to punctal plugs. 
Additional common pathogens include  Pseudomonas aeruginosa ,  Propionibacterium 
acnes , and  Staphylococcus  species in punctal plug-associated canaliculitis and 
 Streptococcus  species,  Propionibacterium acnes , and  Staphylococcus  species in 
primary canaliculitis. Infection is frequently polymicrobial and is more common 
after placement of intracanalicular plugs, usually presenting over 3 years after 
placement of plugs [ 29 ]. Fungal and viral causes have also been reported [ 31 ].  

  Diagnosis and workup     Diagnosis is made by clinical exam and history. History of 
chronic discharge and conjunctivitis refractory to treatment should prompt more 
thorough examination of the lacrimal system. There is often focal erythema and 
swelling centered adjacent to the affected canaliculus with pouting of the punctum. 
Discharge from punctal pressure is the most common exam fi nding. Unlike dacryo-
cystitis, the lacrimal outfl ow system is patent to irrigation.  

  Treatment     Conservative management with topical medications can improve symp-
toms. If symptoms recur on cessation of antibiotics, a canaliculotomy procedure 
including removal of the infected punctal plug, if present, is usually curative. 
Canaliculotomy involves incision of the canaliculus along the lid margin and 
 curettage/removal of infected tissues and debris including lacrimal stones and punc-
tal plugs. Complex cases may require dacryocystorhinostomy surgery [ 32 ].  

  Prognosis and complications     Without a canaliculotomy procedure, recurrence is 
common, with increased risk for males and with presence of stones. Potential com-
plications of treatment include scarring and dysfunction of the canaliculus [ 29 ].       

   References 

     1.    Donahue S, Schwartz G. Preseptal and orbital cellulitis in childhood. Ophthalmology. 
1998;105(10):1902–6.  

  Fig. 7.6    Lacrimal sac 
abscess of the right eye 
(OD)       

 

7 Infections of the Eyelids, Orbit, and Ocular Adnexa



174

    2.    Sharma A, Liu E, Le T, Adatia F, Buncic J, Blaser S, et al. Pediatric orbital cellulitis in the 
Haemophilus infl uenzae vaccine era. J AAPOS. 2015;19(3):206–10.  

    3.    Atfeh M, Khalil H. Orbital infections: fi ve-year case series, literature review and guideline 
development. J Laryngol Otol. 2015;129(07):670–6.  

     4.    Mills R. Orbital and periorbital sepsis. J Laryngol Otol. 1987;101:1242–7.  
    5.    Miglioretti D, Johnson E, Williams A, Greenlee R, Weinmann S, Solberg L, et al. The use of 

computed tomography in pediatrics and the associated radiation exposure and estimated can-
cer risk. JAMA Pediatr. 2013;167(8):700.  

    6.    Howe L, Jones N. Guidelines for the management of periorbital cellulitis/abscess. Clin 
Otolaryngol Allied Sci. 2004;29(6):725–8.  

   7.    Bergin D, Wright J. Orbital cellulitis. Br J Ophthalmol. 1986;70(3):174–8.  
    8.    Lee S, Yen MT. Management of preseptal and orbital cellulitis. Saudi J Ophthalmol. 

2011;25(1):21–9.  
     9.    Reynolds D, Kodsi S, Rubin S, Rodgers I. Intracranial infection associated with preseptal and 

orbital cellulitis in the pediatric patient. J AAPOS. 2003;7(6):413–7.  
    10.    Rubin P, Foster C. Etiology and management of idiopathic orbital infl ammation. Am 

J Ophthalmol. 2004;138(6):1041–3.  
     11.    Lee D, Chai C, Loon S. Primary external dacryocystorhinostomy versus primary endonasal 

dacryocystorhinostomy: a review. Clin Experiment Ophthalmol. 2010;38(4):418–26.  
    12.    Chaudhry I, Shamsi F, Elzaridi E, Al-Rashed W, Al-Amri A, Al-Anezi F, et al. Outcome of 

treated orbital cellulitis in a tertiary eye care center in the Middle East. Ophthalmology. 
2007;114(2):345–54.  

    13.    Oxford L, McClay J. Medical and surgical management of subperiosteal orbital abscess sec-
ondary to acute sinusitis in children. Int J Pediatr Otorhinolaryngol. 2006;70(11):1853–61.  

    14.    Garcia G. Criteria for nonsurgical management of subperiosteal abscess of the orbit analysis 
of outcomes 1988–1998. Ophthalmology. 2000;107(8):1454–6.  

    15.    Gulati D, Strbian D, Sundararajan S. Cerebral venous thrombosis: diagnosis and management. 
Stroke. 2013;45(2):e16–8.  

    16.    Ebright J, Pace M, Niazi A. Septic thrombosis of the cavernous sinuses. Arch Intern Med. 
2001;161(22):2671.  

     17.    Zafar M, Waheed S, Enam S. Orbital aspergillus infection mimicking a tumour: a case report. 
Cases J. 2009;2(1):7860.  

       18.    Warwar R, Bullock J. Rhino-orbital-cerebral mucormycosis: a review. Orbit. 
1998;17(4):237–45.  

    19.    Li S, Perlman J, Edward D, Weiss R. Unilateral Blastomyces dermatitidis endophthalmitis and 
orbital cellulitis. Ophthalmology. 1998;105(8):1466–70.  

       20.    Pushker N, Meel R, Kashyap S, Bajaj M, Sen S. Invasive aspergillosis of orbit in immunocom-
petent patients: treatment and outcome. Ophthalmology. 2011;118(9):1886–91.  

     21.    Levin L, Avery R, Shore J, Woog J, Sullivan BA. The spectrum of orbital aspergillosis: a clini-
copathological review. Surv Ophthal. 1996;41(2):142–54.  

    22.    Ibrahim AS, Kontoyiannis DP. Update on mucormycosis pathogenesis. Curr Opin Infect Dis. 
2013;26(6):508–15.  

    23.    Kohn R, Hepler R. Management of limited rhino-orbital mucormycosis without exenteration. 
Ophthalmology. 1985;92(10):1440–4.  

    24.    Marcet M. Aspergillus infection of the orbital apex masquerading as tolosa-hunt syndrome. 
Arch Ophthalmol. 2007;125(4):563.  

    25.    Campolattaro B, Lueder G, Tychsen L. Spectrum of pediatric dacryocystitis: medical and sur-
gical management of 54 cases. J Pediatr Ophthalmol Strabismus. 2016;34(3):143–53.  

    26.    Bale R. Dacryocystitis: bacteriological study and its relation with nasal pathology. Indian 
J Ophthalmol. 2016;35(4):178–82.  

    27.    Asheim J, Spickler E. CT demonstration of dacryolithiasis complicated by dacryocystitis. 
AJNR Am J Neuroradiol. 2016;26(10):2640–1.  

G. Sodhi et al.



175

    28.    Baskin D, Reddy A, Chu Y, Coats D. The timing of antibiotic administration in the manage-
ment of infant dacryocystitis. J AAPOS. 2008;12(5):456–9.  

      29.    Mohan E, Kabra S, Udhay P, Madhavan H. Intracanalicular antibiotics may obviate the need 
for surgical management of chronic suppurative canaliculitis. Indian J Ophthalmol. 
2008;56(4):338.  

    30.    Lin S, Kao S, Tsai C, Cheng C, Kau H, Hsu W, et al. Clinical characteristics and factors associ-
ated the outcome of lacrimal canaliculitis. Acta Ophthalmol. 2010;89(8):759–63.  

    31.    Varma B, Chang D, Musaad S. A case series on chronic canaliculitis. Orbit. 2016;25(11):4.  
    32.   Huang Y, Yu W, Tsai C, Kao S, Kau H, Liu C. Clinical features, microbiological profi les and 

treatment outcome of lacrimal plug-related canaliculitis compared with those of primary cana-
liculitis. Br J Ophthalmol. 2015 [Epub ahead of print].    

7 Infections of the Eyelids, Orbit, and Ocular Adnexa



177© Springer International Publishing Switzerland 2016
N.V. Laver, C.S. Specht (eds.), The Infected Eye, 
DOI 10.1007/978-3-319-42840-6_8

    Chapter 8   
 Ocular Infection in Children                     

     Mitchell     B.     Strominger     

         Introduction 

 Throughout the life of a child, from conception to adulthood, the human organism 
is consistently being exposed to organisms that may lead to an infection of the eye 
and ocular adnexa. To some extent these infections are related to environmental fac-
tors and exposures that are age and developmentally dependent. Thus the site of 
infection may vary and be tissue dependent, whether it involves the orbit, conjunc-
tiva, cornea, or retina, all giving clues to the etiology and time of primary inocula-
tion. Age of presentation along with the site of infection helps to determine the most 
likely cause and location. Primarily, infectious ocular diseases in children can be 
divided in four broad categories. These include intrauterine and perinatal infections, 
ophthalmia neonatorum, conjunctivitis, and orbital and adnexal infections. 

    Intrauterine and Perinatal Infections 

 Very early on, intrauterine infections are the fetus’s fi rst exposure to potential patho-
gens. Classically, these maternally transmitted congenital infections are remem-
bered by the acronym TORCHES (toxoplasmosis; rubella; cytomegalovirus (CMV); 
herpes viruses, including Epstein-Barr; syphilis). Lymphocytic choriomeningitis 
virus is also included in the differential. While all can affect the developing eye and 
cause ongoing damage, they tend to do so in three major different ways: (1) direct 
tissue damage from the infecting organism, (2) interference in embryogenesis by a 
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teratogenic effect, and (3) reactivation postconception leading to further organ dam-
age later on in life and into adulthood. Thus the specifi c organism has a predilection 
for specifi c sites and potential reactivation giving clues as to its type that is depen-
dent on the site and presentation (Tables  8.1  and  8.2 ).   

    Rubella 

 First trimester exposure to rubella (German measles) primarily affects the develop-
ing eye leading to microphthalmia, keratitis, cataracts, glaucoma, and a retinal 
 pigmentary disturbance. Other organ systems are notably involved that can lead to 
sensorineural hearing loss, hepatosplenomegaly, mental retardation, osteopathy, 

  Table 8.1    Intrauterine and 
perinatal infection  

 TORCHES – intrauterine and perinatal infections 

 Toxoplasmosis 
 Rubella 
 Cytomegalovirus (CMV) 
 Herpes virus including Epstein-Barr 
 Syphilis 
 Lymphocytic choriomeningitis virus 

   Table 8.2    Intrauterine and perinatal infections   

 Causative organism  Ocular abnormalities 

 Toxoplasmosis  Microphthalmos 
 Cataracts 
 Panuveitis 
 Optic atrophy 
 Chorioretinitis 

 Rubella  Microphthalmos 
 Keratitis 
 Cataracts 
 Glaucoma 
 Pigmentary retinopathy 

 Cytomegalovirus  Microphthalmos 
 Keratitis 
 Cataracts 
 Chorioretinitis 

 Herpes virus including Epstein-Barr  Conjunctivitis 
 Keratitis 
 Anterior uveitis 
 Cataracts 

 Syphilis  Interstitial keratitis 
 Iridocyclitis 
 Iris atrophy 
 Pigmentary retinopathy 

 Lymphocytic choriomeningitis virus  Chorioretinitis/pigmentary retinopathy 
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lymphadenopathy, thrombocytopenia purpura, and diabetes [ 1 ]. Intracerebral 
 calcifi cation of the white matter and basal ganglion can be seen on computed tomog-
raphy (CT). Overall, its incidence has decreased substantially in the developed 
world since the introduction of the attenuated rubella virus vaccine in 1969. Corneal 
involvement presents with clouding from a keratitis. However in combination with 
microphthalmia and anterior segment dysgenesis, this can lead to glaucoma with 
secondary corneal haze or abnormal development of the endothelium (Fig.  8.1 ) [ 2 ]. 
Cataracts are more commonly present and are typically bilateral and diffusely 
involved [ 3 ]. This is thought to be due to viral load within the lens itself, and virus 
has been cultured at the time of lens extraction [ 4 ]. Most often a pigmentary reti-
nopathy is present and characterized as fi ne, granular, or powdery discrete deposits 
that are typically limited to the posterior pole (Fig.  8.2 ). Vision is preserved other 
than in those cases that develop subretinal neovascularization [ 5 ].    

  Fig. 8.1    Corneal keratitis 
with neovascularization 
from rubella       

  Fig. 8.2    Pigmentary 
retinopathy from rubella       
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    Herpes Virus Family 

 The herpes virus family includes two types of simplex virus (HSV-1 and HSV-2), 
herpes zoster, Epstein-Barr virus, and cytomegalovirus. 

   Cytomegalovirus 

 Cytomegalovirus (CMV) is a member of the herpes virus family and is the most 
common intrauterine infection in the United States occurring in 1 % of all newborns, 
of which the majority remains asymptomatic [ 6 ]. Transmissions transplacentally 
and early in gestation affect the developing eye and are less common than systemic 
organ involvement. Ocular fi ndings include keratitis, microphthalmos, cataracts, 
and chorioretinitis. The typical chorioretinitis presents with focal areas of retinal 
pigment epithelium atrophy, whitish areas of ischemia, and retinal hemorrhages [ 7 ]. 
Because CMV can also be transmitted from contact while passing through the birth 
canal or from breast milk, it is often diffi cult to determine the age at which the infec-
tion occurred. CMV can lead to periventricular calcifi cation and hydrocephalus 
along with generalized cerebral atrophy and associated optic atrophy.  

   Herpes Simplex 

 Congenital herpes simplex virus (HSV) is usually acquired via passage through the 
birth canal in mothers who have active infection either with HSV-1 (labialis) or 
HSV-2 (vulvovaginitis) [ 8 ]. Primary infection is more likely to result in transmis-
sion versus secondary reactivation. HSV-2 is the most common culprit and can also 
occur following premature rupture of the membranes with ascending uterine 
involvement. Localized disease causes the typical vesicular skin lesions, oral ulcer-
ation, and keratoconjunctivitis (Fig.  8.3 ). However disseminated disease involves 
the viscera and central nervous system which portends a high mortality rate. 
Systemic HSV can lead to chorioretinitis, pneumonia, hepatitis, encephalitis, and 
disseminated intravascular coagulation.

  Fig. 8.3    Vesicular lid 
lesions from herpes 
simplex       
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   Localized ocular involvement typically consists of eyelid vesicles, conjunctivi-
tis, and a keratitis. Corneal infection may present as dendritic with epithelial 
involvement or as stromal infi ltrates. This can be associated with anterior uveitis 
and lead to the development of cataracts. In neonates with disseminated disease, 
especially central nervous system involvement, chorioretinitis can occur with 
accompanying vitritis and optic atrophy. The chorioretinitis typically involves the 
retinal periphery and results in hyperpigmented scars that are well circumscribed. 
Acute retinal necrosis can occur later on in life with reactivation of the virus [ 9 ].  

   Epstein-Barr 

 Epstein-Barr virus (EBV) (infectious mononucleosis) can lead to toxic and terato-
genic effects on ocular development via transplacental transmission. The case 
reports are limited which is thought to be due to a mild illness in the mother. This 
makes the diagnosis more diffi cult and the likelihood of clinical manifestations 
reduced. Anomalies are multiple and include microphthalmos, cataracts, microgna-
thia, cleft palate, hypotonia, hepatosplenomegaly, and cardiovascular malforma-
tions [ 10 – 12 ].  

    Varicella Zoster 

 Varicella and herpes zoster virus (HZV) is the same virus with the initial response 
considered chicken pox and reactivation herpes zoster. Varicella is not a potent 
teratogen. It leads to abnormalities in only 12 % of infants exposed and before 20 
weeks of gestation. Maternal infection is also exceedingly low since the introduc-
tion of immunization programs against chicken pox. Clinical features of congenital 
varicella infection are primarily skin lesions in a dermatomal distribution and limb 
hypoplasia. Microcephaly, cortical atrophy, hydrocephalus, mental retardation, and 
abnormalities of the gastrointestinal, genitourinary, and cardiovascular systems 
have all been reported. The primary ocular disorders include microphthalmia, cata-
racts, and chorioretinitis [ 13 ]. Theoretically if the varicella virus is reactivated dur-
ing pregnancy causing herpes zoster in the T10 to L4 root ganglion, intrauterine 
shedding could occur. However this mode of transmission to the fetus has not been 
reported and only in a case from a mother with disseminated herpes zoster at 12 
weeks of gestation [ 14 ]. Neonatal chicken pox can develop if the mother is infected 
late in pregnancy. This can be transmitted either transplacental or ascending from 
the uterus. The mortality rate is low except in those born either premature or with 
low birth weight.   

    Toxoplasmosis 

 Toxoplasmosis is caused by  Toxoplasma gondii  which is an obligate intracellular 
parasite. Human infection occurs from exposure to cat feces, eating undercooked 
meat, or poorly washed vegetables. Cats are the defi nitive host and the parasite lives 
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in the intestinal mucosa. When the unsporulated oocyst is excreted into the environ-
ment, it can then be ingested by humans. The oocysts then transform into tachyzo-
ites. They then migrate into cardiac, muscular, neural, and retinal tissue and develop 
into tissue cyst bradyzoites. Disease reactivation can occur with rupture of the cysts 
or can remain dormant indefi nitely. The stimulus for cyst rupture and reactivation is 
unknown. 

 The majority of human disease was thought to result primarily from congeni-
tal infection by transplacental transmission; however, postnatal infection also 
occurs. From the ocular standpoint, chorioretinitis is the most recognized fea-
ture. Other fi ndings include microphthalmos, cataracts, panuveitis, and optic 
atrophy [ 15 ]. The chorioretinal scarring is usually heavily pigmented with asso-
ciated areas of chorioretinal atrophy. It is usually bilateral and often involves the 
macula (Fig.  8.4 ) [ 16 ]. The primary active infection or reactivation is character-
ized by retinal infl ammation that is thickened and cream colored with overlying 
vitritis. This vitreous infl ammation has been classically described as a “headlight 
in the fog.”

   The common systemic fi ndings of fi rst trimester transplacental transmission 
include intracranial calcifi cation with resultant seizures, hydrocephalus, microceph-
aly, hepatosplenomegaly, jaundice, anemia, and fever. Second or third trimester 
infection is associated with mild generalized disease during the fi rst few months of 
life. Some of these children can then develop central nervous system involvement 
and chorioretinitis later in life [ 17 ]. From the ocular standpoint, the diagnosis is 
often clinical, based on the typical chorioretinal fi ndings. However, a positive 
enzyme-linked immunosorbent assay (ELISA) supports the diagnosis. Finding 
toxoplasma-specifi c IgM is also specifi c since maternal IgM does not cross the 
placenta.  

  Fig. 8.4    Chorioretinal 
atrophy from 
toxoplasmosis       
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    Syphilis 

 Syphilis is caused by the spirochete  Treponema pallidum . Exposure leading to signs 
and symptoms of congenital syphilis typically occurs following maternal  primary 
infection after the fi rst trimester. The incidence of transmission decreases to 90 % in 
secondary syphilis and approximately 30 % in tertiary disease. Manifestations can 
be early or late. Early fi ndings include skeletal abnormalities because of metaphy-
seal involvement or periostitis, maculopapular rash, hepatosplenomegaly with jaun-
dice, pneumonia, anemia, and lymphadenopathy. The typical late  manifestations 
are sensorineural hearing loss, dental abnormalities, and the ocular manifestations. 
Interstitial keratitis, deafness, and malformed incisors are known as Hutchinson’s 
triad. 

 The interstitial keratitis is typically bilateral with associated iridocyclitis and 
iris atrophy. It is a hypersensitivity reaction that occurs in 10–40 % of untreated 
congenital syphilis cases and most commonly presents at 5–20 years of age [ 18 ]. 
It can be sectorial or diffuse and consists of corneal infl ammation with interstitial 
vessels. These become “ghost vessels” that along with scarring lead to visual loss. 
Chorioretinitis may develop in the peripheral retina and cause pigment mottling. 
The primary fi ndings are that of a salt and pepper granularity. However, pigmenta-
tion can become heavier leading to a pseudoretinitis pigmentosa-type 
appearance. 
 Diagnosis of congenital syphilis is dependent upon identifi cation of the organism by 
direct-fi eld microscopy from a scraping of a lesion or serologic testing. A positive 
VDRL (Venereal Disease Research Laboratory) greater than the mothers’, with sys-
temic fi ndings, or a positive FTA-ABS (fl uorescent treponemal antibody absorp-
tion) test, supports the diagnosis.  

    Lymphocytic Choriomeningitis Virus 

 Lymphocytic choriomeningitis virus (LCMV) is an arenavirus that is transmitted by 
exposure to infected rodents. Hydrocephalus, microcephaly, and periventricular cal-
cifi cations are the most common neurologic manifestations. Ocular fi ndings can be 
similar in appearance to toxoplasmosis with chorioretinal scars that may involve the 
entire macula, although peripheral chorioretinitis is most commonly present [ 19 ]. 
The retinal lesions can occur without the systemic fi ndings. Positive antibodies to 
LCMV support the diagnosis since it is uncommon in the general population.   

    Ophthalmia Neonatorum 

 Conjunctivitis that occurs during the fi rst month of life is referred to as ophthalmia 
neonatorum. In addition to bacterial agents which will be discussed, it can also be 
caused by viruses and chemicals. Prior to the worldwide institution of prophylaxis 
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programs, the incidence exceeded 10 % of live births in some areas. If untreated, 
ocular morbidity is high leading to corneal damage and blindness. Inoculation typi-
cally occurs during passage through an infected birth canal, although inoculation 
can also result from ascending infection of the uterus especially as it may occur 
following premature rupture of membranes. The two most common organisms are 
 Neisseria gonorrhoeae  and  Chlamydia trachomatis . Other etiologic agents include 
 Staphylococcus aureus ,  Streptococcus pneumoniae ,  Haemophilus infl uenzae , and 

rarely  Pseudomonas aeruginosa  (Table  8.3 ).  

   Neisseria gonorrhoeae 

  Neisseria gonorrhoeae  is the most serious of causative agents and typically occurs 
2–5 days after birth. It begins as a mild conjunctival hyperemia with serosanguinous 
discharge that can rapidly progress to a thick purulent yellowish exudate with che-
mosis and eyelid edema. Corneal ulceration and perforation can quickly occur since 
the bacterium has a propensity to penetrate the cornea and replicate rapidly. 
Although the clinical course and fi ndings are typical for  Neisseria gonorrhoeae , 
conjunctival culture and Gram stain are paramount in making the diagnosis. Classic 
gram-negative intracellular diplococci are seen on Gram stain, although  Neisseria 
gonorrhoeae  cannot be differentiated from  Neisseria meningitidis . Systemic infec-
tion can also occur including meningitis and sepsis [ 20 ,  21 ].  

    Chlamydia trachomatis 

 In the industrialized world,  Chlamydia trachomatis , an obligate intracellular organ-
ism, is the most common cause of ophthalmia neonatorum. Also known as trachoma- 
inclusion conjunctivitis (TRIC), it usually occurs at around 1 week of age and often 
begins in one eye and then becomes bilateral. Clinically there is a mild mucopuru-
lent discharge with moderate lid swelling and chemosis. Pseudomembranes can 
develop and if untreated this leads to scarring of the tarsal conjunctiva and corneal 
micropannus. The concern with  Chlamydia  is systemic involvement of the pharynx 
and lungs which can be fatal [ 22 ]. The diagnosis is made by conjunctival culture and 
scrapings. The culture material must include epithelial cells. Testing with 

  Table 8.3    Ophthalmia 
neonatorum  

 Ophthalmia neonatorum – causative agents 

  Neisseria gonorrhoeae  – 2–5 days of age 
  Chlamydia trachomatis  – 7 days of age 
  Staphylococcus aureus  
  Streptococcus pneumoniae  
  Haemophilus  
  Pseudomonas aeruginosa  – rarely 
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polymerase chain reaction, direct fl uorescent antibody staining, and enzyme immu-

noassay is also available to identify the organism.   

    Conjunctivitis 

 Conjunctivitis – red or pink eye – has a number of causative agents including bacte-
rial, viral, allergic, and chlamydial. Common clinical features and symptoms in addi-
tion to redness include pain, burning, and stinging. Often they can be differentiated 
by other features including type of discharge, degree of itching, involvement of the 
lashes, and associated conjunctival response [ 23 ]. Five morphological conjunctival 
forms can occur: papillary, follicular, membranous/pseudomembranous, cicatrizing, 
and granulomatous. Papillae are characterized by a central fi brovascular core that 
arborizes on the conjunctival surface. They are a nonspecifi c fi nding of polymorpho-
nuclear cell infi ltration, but classically occur in bacterial conjunctivitis. Follicular 
conjunctivitis is most commonly caused by viral infections. Follicles are discrete 
round elevations of the conjunctiva from a lymphocytic response. The central portion 
is avascular with blood vessels sweeping up and over from the base. In membranous 
bacterial conjunctivitis, a fi brinous adherent exudate forms that bleeds with attempted 
removal. It occurs with  Corynebacterium diphtheria  and  Streptococcus pyogenes  
infections. Pseudomembranous conjunctivitis has a less severe infl ammatory 
response without necrosis where the thick exudate can be removed. It is somewhat 
nonspecifi c and can occur in conjunctivitis caused by  Neisseria gonorrhoeae , 
 Haemophilus infl uenzae ,  Streptococcus pyogenes ,  Staphylococcus aureus ,  Candida , 
adenovirus, and herpes simplex virus. Cicatrizing conjunctivitis is primarily an auto-
immune process that develops in mucus membrane pemphigoid and Stevens-Johnson 
syndrome. Conjunctival scarring develops from progressive subepithelial fi brosis 
leading to severe dry eye from loss of goblet cells and obliteration of lacrimal gland 
ductules along with forniceal foreshortening and symblepharon formation. 
Granulomatous conjunctivitis describes nodular conjunctival elevations that are typi-
cally associated with preauricular adenopathy. Infectious causes include  Bartonella 
henselae  (cat scratch),  Francisella tularensis  (tularemia),  Mycobacterium tuberculo-
sis , and  Treponema pallidum  (syphilis). Biopsy of the conjunctival nodules demon-
strates central caseation. This is in contrast to noncaseating causes for granulomatous 
conjunctivitis which include sarcoidosis and a foreign body reaction. Types of dis-
charge include serous, mucopurulent, or purulent. Purulent discharge occurs more 
with bacterial infection while watery or serous in viral conjunctivitis. 

    Bacterial Conjunctivitis 

 Acute bacterial conjunctivitis occurs in school-age children and is most often caused 
by  Streptococcus pneumoniae ,  Haemophilus infl uenzae , and  Moraxella  spp. [ 24 ,  25 ]. 
Most cases are self-limited with symptoms subsiding in around 14 days even without 
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treatment. However, because of the morbidity involved and its contagious nature, 
topical antibiotics are recommended. Treatment shortens the course to a few days and 
decreases the contagion. The recent widespread immunization against some subspe-
cies of  Streptococcus  and  Haemophilus  has decreased the incidence of these caus-
ative agents. Clinically children with bacterial conjunctivitis present with hyperemia 
of the bulbar conjunctiva, matting of the lashes, and discharge. It can be unilateral or 
bilateral. Concomitant otitis media can occur with associated low- grade fever, cough, 
sore throat, and nasal discharge. In these instances systemic antibiotics are 
warranted. 

 Membranous bacterial conjunctivitis is primarily caused by  Corynebacterium 
diphtheria  and  Streptococcus pyogenes . It is seen uncommonly in developed coun-
tries because of vaccination programs. Adherent membranes are formed primarily 
to the palpebral conjunctiva because of a necrotic infl ammatory response leading to 
a fi brinous adherent exudate. The membrane is thick and gray yellow in color. It 
bleeds on attempted removal. The membrane ultimately sloughs and is replaced by 
granulation tissue. Cicatrization may develop leading to trichiasis and xerosis. In 
the acute phase, corneal ulceration can occur and the bacterial can penetrate intact 
epithelium  

    Viral Conjunctivitis 

 Adenovirus is the most common pathogen in viral conjunctivitis. The severity of the 
disease can be mild to severe and is often associated with upper respiratory tract 
infection. Mild symptoms include a clear watery discharge. Preauricular adenopa-
thy is often present. The usual source of the infection is via droplet and person to 
person. Thus viral conjunctivitis can be highly contagious. More severe forms 
include epidemic keratoconjunctivitis (EKC) and pharyngoconjunctival fever. 

 Epidemic keratoconjunctivitis tends to occur in outbreaks. It is most often 
caused by adenovirus serotypes 8, 19, and 37. Presenting symptoms include dis-
comfort, photophobia, conjunctival chemosis, small subconjunctival hemorrhages, 
and preauricular adenopathy. A focal corneal epithelial keratitis ensues within 3–5 
days followed by subepithelial focal infi ltrates. Although the epithelial component 
is self-limited, the subepithelial opacities may persist for years. In severe infections 
there is marked swelling of the eyelids that is often confused with primary presep-
tal or orbital cellulitis. Conjunctival membranes can also develop, especially in 
infants. 

 Pharyngoconjunctival fever is associated with type 3 and 7 adenovirus. The pre-
senting symptoms are similar to EKC, but without the subepithelial infi ltrates or 
membrane formation. Corneal involvement is usually limited to punctate keratitis. 

 Herpes simplex virus conjunctivitis presents with similar viral symptoms of dis-
comfort, redness, watery discharge, and preauricular adenopathy. Periocular and 
eyelid vesicles develop and help identify the disease. It is commonly unilateral and 
caused by both HSV-1 and HSV-2. There often is a history of recurrent cold sores. 
50 % of patients with HSV conjunctivitis develop corneal epithelial manifestations 
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that range from fi ne punctate epithelial staining to the classic dendrites. Anterior 

uveitis can be present, but is usually mild (Table  8.4 ).   

    Blepharitis 

 Blepharitis is a common cause of chronic conjunctivitis in children. Disease ante-
rior to the gray line of the lid margin is often caused by  Staphylococcus aureus  and 
 Staphylococcus epidermidis . Symptoms include irritation, crusting, erythema, pho-
tophobia, and rubbing. It can be associated with atopic eczema and styes. Collarettes 
can be present. These are fi brinous scales centered on a lash. Tear fi lm instability 
and inferior keratitis may develop. This can be severe with resultant peripheral cor-
neal scarring and phlyctenules [ 26 ]. Involvement posterior to the gray line of the lid 
margin is more consistent with Meibomian dysfunction. Inspissated secretions are 

present with the development of chalazion [ 27 ].   

     Orbital and Adnexal Infections 

   Preseptal Cellulitis 

 Preseptal cellulitis is an infl ammation or infection that is confi ned to the tissues 
anterior to the orbital septum. It primarily involves the eyelid, but can extend to sur-
rounding areas such as the brow and forehead. Symptoms include redness, swelling, 
and pain. Preseptal cellulitis must be differentiated from secondary involvement of 
the orbit. In these cases, pain on eye movements, proptosis, and optic neuropathy 
would be consistent with orbital cellulitis [ 28 ]. Causes of preseptal cellulitis are 
multiple and historical data can help in its elucidation. Secondary infection of a 
chalazion can spread to involve the whole lid. In this case the child may have a his-
tory of prior chalazion or have noticed a small bump prior to the more severe lid 
swelling. Trauma with a small puncture wound or laceration is not uncommon with 
secondary staphylococcal infection. Insect bites can cause a signifi cant allergic 
reaction with lid swelling or become secondarily infected. Association with a severe 
conjunctivitis can also develop from herpes zoster or impetigo. If bilateral, 

   Table 8.4    Infectious conjunctivitis   

 Infectious conjunctivitis 
 Causative agent  Ophthalmic fi ndings  Systemic fi ndings 

 Bacterial conjunctivitis 
  Streptococcus pneumoniae 
Haemophilus infl uenzae  
  Moraxella  

 Bulbar conjunctival hyperemia 
 Matting of the lashes 
 Mucopurulent discharge 

 Otitis media 
 Low-grade fever 
 Cough Sore throat 
 Nasal discharge 

 Viral conjunctivitis 
 Adenovirus 

 Clear watery discharge  Preauricular adenopathy 
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adenoviral infection leading to epidemic keratoconjunctivitis or pharyngoconjunc-
tival fever should be suspected. This is a not uncommon scenario where a younger 
child might get admitted to the hospital for presumed bilateral orbital cellulitis 
because of diffi culty in examination for orbital signs from severe conjunctival che-
mosis and lid swelling, only to discover that there is no sinus involvement on imag-
ing and the causative agent is severe adenoviral conjunctivitis [ 29 ]. Clues to the 
diagnosis include other family members with conjunctivitis, large preauricular 
nodes, and whitish membranes on the palpebral conjunctiva. Finally, preseptal cel-
lulitis can occur in association with an upper respiratory tract infection from 
 Haemophilus infl uenzae  especially in children under age 2 where the sinuses are not 
developed. This incidence has diminished, however, with the widespread use of Hib 
vaccine.  

   Orbital Cellulitis 

 The vast majority of orbital cellulitis occurs in children over age 5 (average 7 years) 
from contiguous spread of infection from the ethmoid or frontal sinuses [ 28 ]. This 
is because the bones separating the orbit and sinuses are thin at this age allowing for 
easy spread of infection. Less commonly it develops with associated penetrating 
orbital trauma or dental infections. Signs and symptoms of orbital cellulitis include 
progressive ocular pain, fever, lid edema, rhinorrhea, lethargy, and headache. 
Progressive proptosis and limited extraocular movement are of concern since this 
can lead to increased intraocular pressure and a compressive or infi ltrative optic 
neuropathy (Fig.  8.5 ). Delay in treatment can also allow intracranial spread of the 
infection, especially via the venous drainage system of the orbit. This can cause 
septic cavernous sinus thrombosis, subdural empyema, and intracranial abscesses. 
Orbital cellulitis is therefore sight and life threatening. These patients should be 
admitted to the hospital for workup to include imaging of the sinuses. Identifi cation 
of the extent of sinus involvement is important as well as the possible presence of a 
subperiosteal abscess or foreign body. Blood, nasal, and throat cultures can help 
with identifying the causative agent. Consultation with otolaryngology and infec-
tious disease is important as a multidisciplinary approach to treatment is often 
needed.

   The most common etiologic agents causing orbital cellulitis vary with age. 
 Staphylococcus aureus  and gram-negative bacilli are more common in the neonate. 
In children under age 9, a single aerobic pathogen such as  Streptococcus pneu-
moniae ,  Moraxella catarrhalis , and  Haemophilus infl uenzae  is more common. This 
mirrors the microbiology of sinusitis. Older children have more complex infections 
with multiple pathogens both aerobic and anaerobic. Anaerobic organisms include 
 Fusobacterium  and  Bacteroides. Streptococcus pyogenes  may cause erysipelas, 
necrotizing fasciitis, or toxic shock, which requires aggressive treatment. Fungal 
infections are rare, but must be excluded in diabetic or immunocompromised 
patients (Table  8.5 ).     
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    Recommended Therapy for Common Clinical Conditions 

 Treatment of infectious ocular disorders in children in most cases is antibiotic 
driven, but the choice of therapeutic approach is dependent on the age of the patient, 
the site of the disorder, and the underlying natural history. Thus with some congeni-
tal or acquired infections, there may be no specifi c treatment, or the disorder may 
resolve without intervention. 

    Intrauterine or Perinatal Infections 

 Intrauterine infections that cause ocular anomalies typically do so by disturbing 
embryogenesis with associated organ damage that can extend into postnatal life. 
Most common ocular anomalies occur during the fi rst trimester of gestation. 
However, ocular damage can also occur due to infection with varicella or CMV 

  Fig. 8.5    Orbital cellulitis 
left eye with associated 
elevation defi cit       

   Table 8.5    Preseptal vs. orbital sinusitis   

 Cellulitis  Site of infection  Signs and symptoms  Causative agents 

 Preseptal  Tissue anterior to the 
orbital septum, eyelid, 
brow, forehead 

 Redness, pain, and swelling 
of preseptal tissues 

 Chalazion, trauma, 
insect bite, viral 

 Orbital  Orbit and preseptum  Lid edema, proptosis, pain, 
and limitation of eye 
movements, optic 
neuropathy 

 Spread of infection from 
ethmoid, maxillary, or 
frontal sinus 
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during the second trimester or with postnatal syphilitic infection. Thus the treatment 
of these disorders includes (1) primary prevention by eliminating exposure or 
through maternal vaccination, (2) treatment of the mother or the neonate with 
appropriate antibiotics or antivirals, and (3) treatment of the underlying ocular dam-
age, i.e., cataract extraction, refractive error, and visual rehabilitation. 

    Rubella 

 Treatment of rubella has primarily been directed toward its prevention with the 
introduction of the attenuated vaccine in 1969 [ 30 ]. Since that time its incidence has 
been dramatically reduced; however it is still prevalent in those areas of the world 
that do not have robust vaccination programs. Thus the primary intervention in these 
children is lensectomy for cataractous changes which most often occur bilaterally 
[ 31 ]. An intense postoperative infl ammatory process can develop that is thought to 
be due to sequestered virus [ 4 ]. Unfortunately there is no specifi c treatment for the 
pigmentary retinopathy and it may be slowly progressive. The rare development of 
subretinal neovascularization is an additional concern with these patients.  

    Herpes Virus Family 

   Cytomegalovirus 

 The mainstay of treatment of infants with cytomegalovirus causing systemic or ocu-
lar disease is ganciclovir. Administration may reduce the severity of sensorineural 
hearing loss although its effect on neurodevelopmental outcomes is still to be deter-
mined [ 32 ]. Treatment in older immunocompromised children includes ganciclovir, 
valganciclovir, foscarnet, cidofovir, and fomivirsen. The use of intraocular ganci-
clovir implants in children has been reported [ 33 ].  

   Herpes Simplex 

 Neonatal herpes simplex viral infections are often initially detected by a vesicular 
eruption. Dissemination leads to multisystemic involvement and a high mortality 
rate. Treatment is with systemic acyclovir [ 34 ].  

   Varicella Zoster 

 Maternal vaccination is the mainstay of prevention of chicken pox. It also has been 
shown to be effective following exposure if given within 3 days of maternal exposure 
[ 35 ]. Maternal treatment includes the antivirals, acyclovir, valacyclovir, and famciclo-
vir. They can also be combined with VZIG. Despite a theoretical risk of teratogenesis 
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with fetal exposure to acyclovir especially in the fi rst trimester, this has not been 
demonstrated. Neonates with chicken pox may benefi t from the use of intravenous 
acyclovir. VZIG may also reduce the severity of infection if given to neonates whose 
mothers develop chicken pox from 5 days before delivery to 2 days after delivery.   

    Toxoplasmosis 

 Treatment of toxoplasmosis is to some extent dependent on the age of detection. In 
those neonates who develop intrauterine infection detected serologically with or 
without systemic fi ndings, it is recommended that they be treated with pyrimeth-
amine and sulfadiazine. Folic acid should be given with this regimen to prevent leu-
kopenia and thrombocytopenia associated with the use of pyrimethamine [ 36 ]. From 
the ophthalmic standpoint, treatment in cases of reactivation is determined by the 
degree of vision-threatening ocular involvement. Reactivation or acute chorioretini-
tis is typically self-limited. Thus peripheral lesions can be observed without treat-
ment. However in cases of severe visual loss or with lesions that threaten the optic 
nerve or macula, treatment is indicated. Regimens include pyrimethamine and sulfa-
diazine with folic acid, sulfonamides, clindamycin, Bactrim, or doxycycline. With 
severe infl ammation corticosteroids are used cautiously with antibiotics [ 37 ].  

    Syphilis 

 Treatment of congenital syphilis is with intravenous aqueous crystalline penicillin 
G. In order to ensure adequate treatment, serologic tests are repeated. Persistent 
positive titers require retreatment [ 38 ].  

    Lymphocytic Choriomeningitis Virus 

 Unfortunately there is no effective antiviral treatment for LCMV at this time and no 
vaccine exists. Since the manifestations are developmental anomalies including the 
peripheral chorioretinitis, the primary intervention is in prevention. Since a signifi -
cant number of women who contract LCMV do so because of exposure to rodents, 
this contact should be minimized [ 39 ].   

   Ophthalmia Neonatorum 

 Treatment of ophthalmia neonatorum is dependent on early recognition, the time 
course of presentation, and isolation or detection of the offending organisms. The two 
most common organisms are  Neisseria  and  Chlamydia . Prophylaxis for gonorrheal 
ophthalmia neonatorum was introduced in the 1880s with the use of 2 % silver nitrate. 

8 Ocular Infection in Children



192

With the increased incidence of  Chlamydia , erythromycin ointment became the agent 
of choice. In the last decade, povidone-iodine drops have been shown to be equally 
effective, less toxic, and less costly. Now povidone-iodine is playing an important 
role in developing countries [ 40 ]. Treatment of  Neisseria  and  Chlamydia  conjuncti-
vitis is with a directed appropriate antibiotic regimen. In addition to treatment of the 
neonates, it is equally important to treat their mothers and all of their contacts. 

     Neisseria gonorrhoeae  

 The mainstay of treatment for  Neisseria gonorrhoeae  conjunctivitis is intravenous 
penicillin G. However because of widespread resistance in many urban areas, a 
third-generation cephalosporin is recommended. Both intramuscular and intrave-
nous administration appears to be equally effective. In addition frequent ocular irri-
gation with saline as well as the addition of topical antibiotics is typically 
recommended. Because concomitant infection with  Chlamydia  often occurs, treat-
ment for inclusion conjunctivitis should be instituted until ruled out [ 41 ].  

     Chlamydia trachomatis  

 Treatment of neonatal conjunctivitis due to  Chlamydia trachomatis  is with oral 
erythromycin. This is because of the high incidence of pneumonitis and nasopha-
ryngeal colonization. Although there is no evidence that it is necessary, supplemen-
tal topical erythromycin ophthalmic ointment is often recommended [ 22 ,  41 ].   

     Conjunctivitis 

 Treatment of conjunctivitis truly depends upon the offending agent, whether bacte-
rial, viral, allergic, or associated with blepharitis. The diagnosis is often made on the 
clinical signs and symptoms, as well as fi ndings of papillae, follicles, membranes, 
or granuloma to support a diagnosis. Gram stain and culture are needed to defi ni-
tively confi rm the offending agent, but this is often impractical. Thus broad- spectrum 
treatment directed at the most likely pathogens is typically employed. 

   Bacterial Conjunctivitis 

 Treatment of bacterial conjunctivitis is directed toward the most likely offending 
organisms, that being  Streptococcus ,  Staphylococcus ,  Haemophilus , and  Moraxella  
[ 25 ]. Because in many instances the infection is self-limited, especially if the child 
is being treated with systemic antibiotics for concomitant otitis, there is great debate 
about the effi cacy of any particular antibiotic agent. Issues to take into consideration 
include whether the antibiotic is bacteriostatic vs. bactericidal, parental compliance 
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regarding the dosage regimen, the contagiousness, and the overall cost. Most clini-
cians do recommend treatment because it leads to a more rapid clinical resolution 
and a higher eradication rate of bacteria [ 42 ]. Systemic treatment is necessary for 
membranous conjunctivitis and in immunocompromised patients. This often 
requires hospital admission as the majority of these patients are often toxic and 
febrile. In addition prevention of symblepharon by sweeping the fornices with a 
lubricated glass rod or the placement of contact shell is required.  

   Viral Conjunctivitis 

 Unfortunately there are no antiviral treatments directed toward the adenoviruses that 
cause viral conjunctivitis, epidemic keratoconjunctivitis, or pharyngoconjunctival 
fever. Intervention is primarily supportive with ocular lubricants, cool compresses, 
and occasionally topical antihistamines. Since viral conjunctivitis is very contagious, 
discussion with patients regarding proper hygiene is important to eradicate spread to 
others. Topical steroids potentiate viral replication. However in cases where the kera-
topathy is symptomatic and vision threatening, topical steroids can rapidly improve 
the keratopathy at the risk of diffi culty in its taper with reactivation. 
 In contrast to adenoviral infections, treatment is available for conjunctivitis or kera-
titis secondary to herpes simplex. Although treatment of the conjunctivitis does not 
seem to alter the course of the disease, if the cornea is involved, intervention is war-
ranted. Oral acyclovir has been shown to be effective for treating herpetic epithelial 
keratitis and for reducing the rate of recurrence when used prophylactically [ 43 ]. 
However, more recently the introduction of topical ganciclovir gel 0.15 % is increas-
ingly being shown to be equally effective for the acute keratitis [ 44 ].  

    Blepharitis 

 Treatment of blepharitis is multifactorial. The primary goals are to treat any acute infec-
tion, reduce bacterial load at the lid margin, and manage the hypersensitivity response 
that can cause keratopathy. Thus the mainstays of therapy include topical antibiotics, 
lid hygiene with warm compresses and eyelid scrubs, fl axseed oil supplementation, and 
topical steroids. Persistent cases may benefi t from oral antibiotics. Because tetracy-
clines can lead to dental staining, erythromycin is the preferred agent [ 45 ,  46 ].   

    Orbital and Adnexal Infections 

    Preseptal Cellulitis 

 Preseptal cellulitis is most often caused by  Staphylococcus aureus ,  Streptococcus 
pneumoniae ,  Haemophilus infl uenzae , and  Streptococcus epidermidis . Thus treat-
ment consists of intravenous or oral antibiotics directed toward the suspected 
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organism. Typically intravenous antibiotics are used in cases where the infection is 
severe and could spread into the orbit. Oral antibiotics on the other hand are reserved 
for more local infections. If the preseptal cellulitis is associated with a chalazion, 
incision and drainage might be required. Suspicion should also be high for occult 
trauma. If so, any retained foreign body must be identifi ed and removed. Also any 
wound discharge should be cultured and tetanus prophylaxis provided. Of concern 
would be the development of necrotizing fasciitis and septic shock from beta- 
hemolytic  Streptococcus  [ 47 ].  

    Orbital Cellulitis 

 All patients with orbital cellulitis require immediate hospitalization for intravenous 
antibiotics and imaging to evaluate the extent of sinusitis and subperiosteal abscess 
[ 48 ]. In most instances pediatric otolaryngological consultation should be consid-
ered. Although many subperiosteal abscesses will resolve with intravenous antibiot-
ics, drainage should be undertaken if there is progressive enlargement, optic nerve 
involvement, or risk of cavernous sinus thrombosis [ 49 ]. In addition, drainage of the 
offending sinus is often required.       
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Chapter 9
Anti-infective Therapy for Ocular Infection

Jihye Kim

Early antibiotic administration and ability to penetrate the infected site can be criti-
cal in preserving vision when treating various types of ocular infections [1]. An 
understanding of the pharmacokinetics and pharmacodynamics of antibiotics while 
acknowledging the bactericidal or bacteriostatic properties of these agents aids in 
prescribing appropriate therapy. A variety of antibiotic agents are currently avail-
able to treat ocular infections. Topical antibiotic agents are most commonly used to 
treat superficial or external ocular infections, whereas infections that are located 
farther away from the cornea or within the eye require additional methods of 
administration (i.e., intravitreal injection or parenteral therapy) to achieve thera-
peutic concentration at the site of infection [2]. Therefore, early identification of 
the depth of eye  involvement and potential causative microorganisms is essential in 
choosing the most appropriate mode of medication administration and therapeutic 
option. This chapter provides the enumeration of relevant antibiotics by class, anti-
microbial activity, antibiotic mechanism of action, mode of application, and anti-
biotic toxicity.
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 Overview of Antibiotics: Mechanisms of Action, Spectrum 
of Activity

 Topical Antibiotics

Topical antibiotic agents can provide direct delivery of antibiotic in high concentra-
tion at the site of infection when treating bacterial conjunctivitis, keratitis, or 
uncomplicated blepharitis [1, 3]. Ophthalmic antibiotic solutions are preferred in 
adults as they do not interfere with vision, although more frequent administration is 
required due to short contact time with the eye. Antibiotic ointments have prolonged 
contact time and will be more resistant to medication loss through dilution by tears 
[4]. Often, ointments are recommended in children or adults who do not have con-
cerns for visual interference.

The most extensively developed topical antibiotic class with a broad spectrum of 
activity is the fluoroquinolones (Table 9.1) [5–12]. Fluoroquinolones (besifloxacin, 
ciprofloxacin, gatifloxacin, levofloxacin, moxifloxacin, and ofloxacin) cause rapid 
bacterial cell death due to inhibition of bacterial DNA synthesis. These agents limit 
the activity of two key topoisomerase classes of enzymes that play an important role 
in bacterial DNA replication. DNA gyrase introduces negative supercoils into DNA 
within the bacterial cell, and topoisomerase IV divides the chromosomal DNA dur-
ing bacterial cell division [13]. Antibacterial activities of fluoroquinolones vary 
between the generations. Although the initial generations such as ofloxacin and 
ciprofloxacin have limited gram-positive activity, especially against streptococci, 
ciprofloxacin still shows the best activity against Pseudomonas aeruginosa [13]. 
New generations such as levofloxacin, gatifloxacin, moxifloxacin, and besifloxacin 
have a broader spectrum of activity including methicillin-susceptible Staphylococcus 
aureus (MSSA), methicillin-resistant S. aureus (MRSA), and Streptococcus species 
[13]. In a recent surveillance study that reviewed ocular microorganisms and antibi-
otic activity, ciprofloxacin was the least potent agent against staphylococcal isolates 
with 80 % resistance to MRSA, whereas besifloxacin was the most potent agent in 
the class followed by moxifloxacin [14]. All fluoroquinolones have great atypical 
coverage such as Chlamydia trachomatis; however moxifloxacin is the only fluoro-
quinolone that has additional anaerobic coverage [13].

Macrolides (azithromycin, erythromycin) are generally thought to inhibit RNA- 
dependent protein synthesis at the chain elongation step; however the ability to bind 
to the 50S ribosomal subunit differs between azithromycin and erythromycin which 
results in varying antibacterial activities [15–17]. When compared to erythromycin, 
azithromycin may have better penetrating ability to the outer envelope of gram- 
negative organisms such as Moraxella catarrhalis and Haemophilus influenzae. 
Also, C. trachomatis coverage is much better with azithromycin compared to eryth-
romycin [18]. With regard to gram-negative and atypical coverage, macrolides have 
great activity against Neisseria gonorrhoeae and M. catarrhalis. Macrolides also 
have activity against actinomycetes and mycobacteria which have been identified as 
causative pathogens in canaliculitis and keratitis [3].
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Table 9.1 Topical antibiotic agents of ocular infections

Drug (brand name) FDA-approved indication(s) Dosage

Aminoglycosides

Gentamicin 0.3 % solution Conjunctivitis
Keratitis
Keratoconjunctivitis
Corneal ulcers
Blepharitis
Blepharoconjunctivitis
Acute meibomianitis
Dacryocystitis

1–2 drops every 4 h
Gentamicin 0.3 % ointment 
(Gentak®)

½ inch ribbon 2–3×/day

Tobramycin 0.3 % solution 
(Tobrex®)

Superficial ocular infection 
(conjunctivitis, keratitis)

1–2 drops every 4 h; 2 drops 
hourly (severe cases)

Tobramycin 0.3 % ointment 
(Tobrex®)

Treatment of external 
infections of the eye and its 
adnexa

½ inch ribbon every 3–4 h up 
to 2–3×/day
(dosing based on severity of 
infection)

Fluoroquinolones

Besifloxacin 0.6 % suspension 
(Besivance®)

Bacterial conjunctivitis 1 drop 3×/day 4–12 h apart 
for 7 days

Ciprofloxacin 0.3 % solution 
(Ciloxan®)

Bacterial conjunctivitis 1–2 drops every 2 h while 
awake for 2 days then 1–2 
drops every 4 h while awake 
for 5 days

Corneal ulcers Day 1: 2 drops every 15 min 
for 6 h, then every 30 min
Day 2: 2 drops every hour
Day 3–14: 2 drops every 4 h

Ciprofloxacin 0.3 % ointment 
(Ciloxan®)

Bacterial conjunctivitis ½ inch 3×/day for 2 days then 
½ inch 2×/day for 5 days

Gatifloxacin 0.3 % solution 
(Zymaxid®)

Bacterial conjunctivitis 1 drop every 2 h (up to 8 
times) while awake for 2 days 
then 1 drop up to 4×/day 
while awake for 5 days

Levofloxacin 0.5 % solution 
(Quixin®)

Bacterial conjunctivitis 1–2 drops every 2 h (up to 8 
times) while awake for 2 days
Day 3–7: 1–2 drops every 4 h 
while awake up to 4×/day

Levofloxacin 1.5 % solution 
(Iquix®)

Corneal ulcers Day 1–3: 1–2 drops every 
30 min to 2 h while awake 
and every 4–6 h after retiring
Days 4 through treatment 
completion: 1–2 drops every 
1–4 h while awake

Moxifloxacin 0.5 % solution 
(Vigamox®)

Bacterial conjunctivitis 1 drop 3×/day for 7 days

(continued)
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Macrolides have been highly potent against S. pneumoniae and group A strep-
tococcus isolates; however, the prevalence of erythromycin resistance to S. pneu-
moniae is continuously increasing in the United States and worldwide [19–21]. 
Although group A streptococcus resistance to erythromycin has been reported, the 
prevalence of resistance is not as high as is seen with S. pneumoniae [22, 23]. 
Erythromycin has activity against viridans group streptococcus; however, Europe 
and Asia have higher resistance rates than those that occurred in North America 

Drug (brand name) FDA-approved indication(s) Dosage

Ofloxacin 0.3 % solution 
(Ocuflox®)

Bacterial conjunctivitis 1–2 drops every 2–4 h for 2 
days then 1–2 drops 4×/day 
for 5 days

Corneal ulcers Days 1–2: 1–2 drops every 
30 min while awake. Awaken 
at ~4–6 h after retiring and 
instill 1–2 drops
Days 3–7: 1–2 drops hourly, 
while awake
Days 7 through treatment 
completion: 1–2 drops 4×/day

Macrolides

Azithromycin 1 % solution 
(Azasite™)

Bacterial conjunctivitis 1 drop in the affected eye(s) 
2×/day for the first 2 days 
then 1 drop daily for the next 
5 days

Erythromycin 0.5 % ointment 
(Romycin®)

Superficial ocular infection 
involving the conjunctiva or 
cornea

½ inch to affected eye (s) 
every 4–6 h

Others

Bacitracin Superficial ocular infection 
involving the conjunctiva or 
cornea

½ inch every 3–4 h for 7–10 
days

Sulfacetamide 10 % ointment Conjunctivitis
Superficial ocular infections

½ inch 4×/day and bedtime 
for 7–10 days

Sulfacetamide solution 
(Bleph®-10)

Bacterial conjunctivitis
Superficial ocular infections
Adjunctive therapy with 
systemic sulfonamide therapy 
for trachoma

1–2 drops every 1–3 h while 
awake, less frequently at night 
for 7–10 days

Combination therapy

Bacitracin/polymyxin B 
ointment

Bacterial conjunctivitis
Keratitis
Keratoconjunctivitis
Blepharitis
Blepharoconjunctivitis

Thin film every 3–4 h for 
7–10 days

Gramicidin/neomycin/
polymyxin B (Neosporin®)

Up to 2 drops every hour then 
1–2 drops every 4 h for 7–10 
days

Trimethoprim/polymyxin B 
(Polytrim®)

Bacterial conjunctivitis
Blepharoconjunctivitis
Superficial ocular infection

1 drop every 3 h up to 6 doses 
daily for 7–10 days

Table 9.1 (continued)
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[24]. MRSA is generally resistant to erythromycin; therefore, the use of erythro-
mycin should be based on the local antibiogram or culture result [15].

Aminoglycosides such as gentamicin and tobramycin have limited activity 
against gram-positive organisms and anaerobic bacteria [25–27]. These agents work 
by binding to the 30S ribosomal subunit to inhibit protein synthesis and require 
aerobic metabolism to cause antibacterial effect [28]. In general, aminoglycosides 
have great activity against gram-negative bacilli such as Enterobacteriaceae, P. 
aeruginosa, and Acinetobacter spp.; however, no activity has been shown for 
Stenotrophomonas maltophilia or Burkholderia cepacia.

Combination topical antibiotics are typically paired with narrow spectrum 
antibiotics to expand the overall spectrum of activity. Polymyxin B is a polypep-
tide with high molecular weight and works by penetrating the cell membrane of 
bacteria and interacting with phospholipids [29, 30]. The main antibacterial activ-
ity of polymyxin B is P. aeruginosa, Acinetobacter baumannii, and carbapenem-
resistant Enterobacteriaceae (CRE). Most gram-positive organisms are resistant 
to polymyxin B; thus it is commonly paired with another antibiotic with good 
gram- positive coverage such as bacitracin or trimethoprim. Bacitracin inhibits 
cell wall synthesis by preventing transfer of mucopeptides into the growing cell 
wall [31]. As a combination agent, bacitracin zinc/polymyxin B sulfate has activ-
ity against S. aureus, S. pneumoniae, Escherichia coli, H. influenzae, 
Klebsiella/Enterobacter species, Neisseria species, and P. aeruginosa [32]. 
Trimethoprim is a synthetic antibacterial agent that blocks the production of tet-
rahydrofolic acid from dihydrofolic acid by binding to and reversibly inhibiting 
the enzyme dihydrofolate reductase. It has good activity against gram-positive 
and gram-negative organisms such as S. aureus, S. epidermidis, S. pyogenes, S. 
pneumoniae, H. influenzae, E. coli, Proteus vulgaris, E. aerogenes, and Serratia 
marcescens [33, 34].

Sulfonamides have bacteriostatic properties and inhibit bacterial growth by inter-
fering with folic acid synthesis [35]. The sulfonamides show antibacterial activity 
against S. aureus, S. pneumoniae, viridans group streptococcus, E. coli, H. 
 influenzae, Klebsiella species, and Enterobacter species. These agents should not be 
used empirically for Neisseria species, S. marcescens, P. aeruginosa, or resistant 
Staphylococcus species [36].

 Topical Antifungal/Antiviral

Natamycin eyedrops (5 % suspension) is the only antifungal agent that is commer-
cially available. Natamycin is a tetraene polyene agent that works by binding to the 
sterol of the fungal cell membrane, which causes membrane permeability changes 
[37]. It is used for the treatment of fungal keratitis caused by Candida species, 
Aspergillus, Cephalosporium, Fusarium, and Penicillium; however, poor corneal 
tissue penetration limits its use in intraocular infections [3, 37]. Amphotericin B, 
nystatin, fluconazole, miconazole, and flucytosine eyedrops have been compounded 
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for use [3, 38], but extemporaneous preparations of these products are not widely 
used. Furthermore, topical amphotericin B made with a deoxycholate formulation is 
known to be toxic to the cornea [39].

Commercially available topical antiviral agents are more common than antifun-
gal agents. Trifluridine ophthalmic suspension is used for the treatment of herpes 
simplex keratitis and keratoconjunctivitis [3]. It inhibits viral DNA synthesis and 
has activity against herpes simplex virus (HSV) types 1 and 2, cytomegalovirus 
(CMV), and adenoviruses [40]. Vidarabine ointment is also available for the treat-
ment of HSV keratitis. It has activity against idoxuridine-resistant and acyclovir- 
resistant HSV; however, it is more toxic and less effective compared to trifluridine 
for the treatment of HSV keratoconjunctivitis [3, 40]. Idoxuridine is approved for 
the treatment of HSV keratitis. Its mechanism of action is not completely under-
stood, and it is also inferior to trifluridine and acyclovir for the treatment of HSV 
epithelial keratitis [40]. Topical 0.15 % ganciclovir ophthalmic gel is indicated for 
the treatment of acute herpetic keratitis [41]. Finally, topical acyclovir is not avail-
able in the United States [3].

 Intravitreal/Subconjunctival Injection

Table 9.2 shows a list of commonly used antibiotic agents for intravitreal/subcon-
junctival injection. These agents are used since topical antibiotics are ineffective in 
treating endophthalmitis due to their inability to penetrate the intraocular site [42]. 
Antifungal agents such as voriconazole and conventional amphotericin B are often 
used for intravitreal infection, which result in rapid achievement of high concentra-
tion in the posterior chamber [43, 44].

 Systemic Therapy

The data for intraocular penetration of antibiotic therapy delivered via parenteral 
routes is limited. There are a few antibiotic classes that are used as adjunctive ther-
apy when treating endophthalmitis or when the use of systemic antibiotics is the 

Anti-infective agents Dose Concentration

Amphotericin B 5–10 mcg/0.1 mL 50–100 mg/mL
Ampicillin 4 mg 50 mg/mL
Amikacin 0.2–0.1 mg 4 mg/mL
Ceftazidime 2–2.25 mg 22.5 mg/mL
Gentamicin 0.1–0.2 mg 1 mg/mL
Tobramycin 0.1–0.2 mg 1 mg/mL
Vancomycin 1 mg 10 mg/mL
Voriconazole 100 mcg/0.1 mL 1 mg/mL

Data are from Lopez-Carbezas et al. [42] and Pappas et al. [44]

Table 9.2 Commonly 
used anti-infective 
agents for intravitreal 
injection
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best treatment option (i.e., orbital cellulitis, preseptal cellulitis) [42, 45]. All 
B-lactams inhibit bacterial cell wall synthesis by inhibiting high-molecular-weight 
penicillin-binding proteins (PBPs) [46]. Vancomycin is a tricyclic glycopeptide that 
works by binding to the D-alanyl-D-alanine part of a cell wall precursor and thus 
inhibiting the late stages of bacterial cell wall synthesis [47]. Linezolid is one of the 
oxazolidinones that works by inhibiting protein synthesis. It binds to the 50S ribo-
some within the 30S unit to prevent 70S complex formation [48]. B-lactam antibiot-
ics (penicillins, cephalosporins, and carbapenems), vancomycin, and linezolid may 
be added to cover gram-positive and gram-negative organisms depending on the 
culture result (Table 9.3).

Invasive ocular infections caused by fungi are rare but associated with poor 
response rate; thus the treatment consists of systemic antifungal agents in combina-
tion with surgery, intravitreal injections, or both. Amphotericin B has been most 
studied and experienced in treating intraocular fungal infection to date [43]. It is a 
fungicidal agent that works by binding to ergosterol in the cell membrane of suscep-
tible fungi and changes membrane permeability, which results in the leakage of 
intracellular potassium and other molecules and cell death [49]. Currently there are 
four different amphotericin B formulations: amphotericin B deoxycholate, ampho-
tericin B colloidal dispersion, amphotericin B lipid complex, and liposomal ampho-
tericin B. It is a broad-spectrum antifungal agent that has activity against most 
Candida species except for C. lusitaniae; dimorphic fungi such as Histoplasma 
capsulatum, Blastomyces dermatitidis, and Coccidioides immitis; and filamentous 

Table 9.3 Pathogens and systemic treatment for ocular infections

Pathogens Antimicrobial treatment (s)

Gram-positive
  Methicillin-susceptible
   S. epidermidis (MSSE)
   S. aureus (MSSA)

Nafcillin, cefazolin, vancomycina, linezolida

  Methicillin-resistant
   S. epidermidis (MRSE)
   S. aureus (MRSA)

Vancomycin, linezolid

  Streptococci Ampicillin/sulbactam, ceftriaxone, vancomycina

  Enterococci
   E. faecalis. E. faecium

Ampicillin (if ampicillin susceptible)
Linezolid (if resistant to ampicillin and vancomycin)

  Bacillus cereus Carbapenem vancomycin
  Propionibacterium acnes Vancomycin, linezolid
Gram-negative
  Enterobacteriaceae
   E. coli
   Klebsiella spp.
   Proteus spp.
  H. influenzae
  Moraxella spp.
  Pseudomonas 

aeruginosab

Ceftriaxone, ceftazidimeb, cefepimeb, ampicillin/sulbactam, 
piperacillin/tazobactamb, meropenemb, moxifloxacin, 
levofloxacinb, ciprofloxacinb

aFor patients with penicillin and/or cephalosporin allergies
bAntibiotics with pseudomonas activity
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fungi such as Aspergillus spp. and the Mucorales group [50]. Spectrum of activity 
is not influenced by different amphotericin B products.

Flucytosine is often used with amphotericin B as it is synergistic against Candida 
spp. and Cryptococcus neoformans. It is a fluorinated pyrimidine that works by 
disrupting RNA and DNA synthesis [43]. Flucytosine lacks activity against the 
dimorphic fungi and filamentous fungi, and it should not be used as monotherapy 
due to rapid development of resistance for the treatment of candidiasis [49].

Azoles are ergosterol synthesis inhibitors, and each azole has slight variation in 
its spectrum of activities. Fluconazole is mainly active against Candida species, C. 
neoformans, and dimorphic fungi such as C. immitis, H. capsulatum, and B. derma-
titidis. Although most Candida albicans are susceptible to fluconazole, fluconazole- 
resistant C. albicans has been reported. Resistance in other Candida species such as 
Candida glabrata has been noted [43]. Fluconazole is not active against Candida 
krusei, Aspergillus spp., Fusarium spp., Scedosporium spp., and Mucorales [50]. 
Itraconazole is active against some Candida species, dimorphic fungi, and 
Aspergillus species; however, it does not penetrate the ocular structure well [49]. 
Similarly, posaconazole has poor ocular penetration. It has a broad-spectrum cover-
age including Candida species, C. neoformans, Aspergillus species, Fusarium spe-
cies, and Zygomycetes [49, 51]. Voriconazole is a broad-spectrum azole that is the 
drug of choice for treatment of invasive aspergillosis. It also has activity against 
Candida species, C. neoformans, Scedosporium species, and Curvularia species 
[49, 51]. Unlike posaconazole and itraconazole, voriconazole penetrates the eye and 
can adjust the dose based on the trough goal level of 2–5 mg/L [52, 53]. The newest 
addition to the class of azole is isavuconazonium sulfate. It is a prodrug of isavuco-
nazole with broad spectrum of activity including most Candida species, dimorphic 
fungi, C. neoformans, Aspergillus species, and Mucorales [54]. To date, no data are 
available regarding ocular penetration of this new agent.

Echinocandins work by inhibiting the synthesis of 1, 3-β-D-glucan, which is the 
predominant component of the fungal cell wall. Currently there are three echinocan-
dins on the market: caspofungin, micafungin, and anidulafungin. In general, echino-
candins are active against Candida species and Aspergillus species, but lack activity 
for Fusarium, Scedosporium, and Zygomycetes [49, 51]. Furthermore, echinocan-
dins do not penetrate the ocular structure; therefore, it is not widely used to treat 
invasive ocular infections.

Viral conjunctivitis can be caused by HSV and adenovirus [55]. Although no 
effective treatment is available for viral conjunctivitis caused by adenovirus, oral 
antivirals are used to shorten the course of HSV conjunctivitis [55]. Acyclovir and 
valacyclovir work by blocking viral DNA synthesis and are much more potent 
against HSV type 1 and 2 compared to cytomegalovirus [40]. Ganciclovir and val-
ganciclovir are potent against CMV and have better activity against herpes B virus 
compared to acyclovir [40].
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 Mode of Administration and Pharmacokinetics

Delivering a therapeutic concentration of antibiotic at the site of infection is a chal-
lenge. Important factors that could influence the intraocular penetration of antibiot-
ics are the charge of the drug, corneal epithelium status, drug formulation, drug 
concentration, and the dosage regimen [1]. Natural barriers such as eyelids, iris, 
tears, and cornea prevent diffusion of antibiotics into intraocular tissue. In order to 
promote corneal absorption, certain formulation factors should be considered 
(Table 9.4) [2]. Furthermore, the corneal area can only contain about 30 μl; there-
fore, topical solutions are given more frequently to ensure adequate absorption of 
medication [2]. Ophthalmic medications that have both lipid- and water-soluble 
properties will help enhance overall drug absorption [4]. Due to these challenges of 
the topical application method, infections involving vitreous humor, sclera, or cor-
nea may require additional strategies to administer drug therapy.

Unlike topical antibiotic application, subconjunctival injection can reach high 
antibiotic concentration in sclera and cornea. This mode of administration is used to 
treat intraocular infection as it gains access to the episcleral and conjunctival vessels 
[4]. However, subconjunctival injection does not provide adequate antibiotic pene-
tration into the vitreous humor [42].

Intravitreal injection of air has been practiced by ophthalmologists to repair reti-
nal detachments since 1911 [56]. Intravitreal injection is used to treat endophthal-
mitis, cytomegalovirus (CMV) retinitis, and more. This method provides direct 
exposure of antibiotic to the infected site for a prolonged period with minimal sys-
temic absorption [57]. Thus, bypassing the blood-retinal barrier ensures immediate 
high concentration of antibiotic in the vitreous cavity [42].

Systemic antibiotic therapy is used as an adjunctive strategy to intravitreal injec-
tion, subconjunctival injection, and/or topical administration. This mode of admin-
istration is added when treating ocular infections that involve the posterior segment 
of the eye or the orbit (i.e., endophthalmitis, orbital cellulitis, or chorioretinitis), 
where topical antibiotics will provide negligible drug penetration [4]. Limited data 
concerning systemic antibiotics and ocular penetration are available; however, line-
zolid and fluoroquinolones such as levofloxacin and moxifloxacin have been shown 
to achieve good ocular penetration [42].

Table 9.4 Factors to improve corneal 
absorption

Nonionic surfactants
Polymers
Viscous preparations
Solvents
Improving drug stability

Data are from McCloskey [2]
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 Antibiotic Toxicity

Antibiotics can cause serious side effects if not used appropriately. Topical antibi-
otics are concentrated locally; therefore, systemic side effects should not occur. 
However, topical antibiotic formulations can cause some serious tissue side 
effects. Tissue side effects could be due to the antibiotic or the preservatives and 
vehicles used in the formulation [1]. Topical chloramphenicol is no longer used, 
but this drug had been known to cause idiosyncratic bone marrow suppression, 
aplastic anemia, and death [1, 4]. Topical neomycin is in multiple combination 
products such as Polytrim® and Neosporin®. Neomycin has been associated with 
punctate staining of the cornea [1]; therefore, patients should be informed about 
this undesirable side effect. Fluoroquinolones are one of the commonly used topi-
cal antibiotics, yet these agents also have side effects. One study found that moxi-
floxacin had the least cytotoxic effects against corneal and/or conjunctival 
epithelial cells compared to other fluoroquinolones, while all caused thinning of 
the corneal epithelial layer after 7 days of treatment [58]; however, other studies 
have not shown the same effects [59, 60]. The conflicting data on moxifloxacin 
was explained by the absence of preservatives such as 0.005 % or 0.006 % benzal-
konium chloride, whereas other fluoroquinolones have preservatives which have 
been associated with tissue toxicity [61].

The preservatives or vehicles in the ophthalmic formulation can cause additive 
side effects such as hypersensitivity reaction or reduction in antimicrobial activity, 
which are mainly known from experience with thimerosal (a common preservative 
in contact lens solution) [1, 4]. As previously mentioned, benzalkonium chloride 
may inhibit epithelial adhesion, cause a loss of superficial epithelial cells, and delay 
healing of the epithelium [1].

Antibiotic toxicity could also occur due to the mode of administration. Retinal 
toxicity has been reported from intravitreal injection as well as subconjunctival 
injection of aminoglycosides. These modes of antibiotic administration will reach 
high concentration in the intraocular site; however, it increases the exposure of high 
drug concentration near the retina which could cause chemical damage. Multiple 
case series have shown that retinal toxicity and macular ischemia can occur with 
intravitreal injection of aminoglycosides such as amikacin or gentamicin [62, 63]. 
When using intravitreal injection, these medications should be administered close 
to the anterior part of the vitreous cavity to help avoid retinal side effects [42]. 
Another mode of administration is intracameral antibiotic injection which can be 
done after cataract surgery to prevent postoperative bacterial endophthalmitis [64]. 
This is often completed with cefuroxime, and multiple cases have been reported 
with retinal toxicity and hemorrhagic retinal infarction [65, 66].

Parenteral antibiotics are known to have numerous adverse side effects. Penicillin 
derivatives are most commonly associated with hypersensitivity reactions that range 
from minor drug rash to life-threatening reactions such as Stevens-Johnson syn-
drome or anaphylaxis [4, 46]. Patients may also develop serum sickness with fever, 
urticaria, joint pains, and angioneurotic edema; however, this syndrome is very rare. 

J. Kim



207

Penicillin and penicillin derivatives can also cause renal toxicity such as allergic 
angiitis or interstitial nephritis. Antistaphylococcal penicillins (i.e., methicillin or 
nafcillin) have been highly associated with interstitial nephritis which presents with 
fever, macular rash, eosinophilia, proteinuria, eosinophiluria, and hematuria [46]. 
Penicillin and penicillin derivatives can lower the seizure threshold; however, this 
effect is more common with large doses and in patient with renal dysfunction. When 
prescribing penicillin derivatives to treat ocular infections, it is important to obtain 
the patient’s allergy history to ensure that these antibiotics are appropriate for the 
specific patient.

Cephalosporins have adverse reactions that are similar to those encountered with 
penicillin and penicillin derivatives, but these medications are generally well toler-
ated. Hypersensitivity reactions can occur, although not as commonly as with the 
penicillins [67]. Adverse reactions between the different generations of cephalospo-
rins include gastrointestinal, hematologic, and central nervous system effects that 
are mostly similar. However, the third-generation cephalosporin, ceftriaxone, has 
been specifically associated with obstructive biliary toxicity [68, 69]. This syn-
drome is reversible after antibiotic cessation [67], but the ophthalmologist should 
consider an alternative therapy in patients with known hepatic diseases and neonates 
younger than 28 days. Elevation of serum creatinine has been reported; however, 
renal toxicity is not as common as is seen with the penicillins [70]. Although cepha-
losporins may not play a significant role in renal toxicity, cefepime should be used 
with caution as encephalopathy and seizures have been reported in patients with 
renal insufficiency [71–73].

Carbapenems do not have major adverse effects and are generally well tolerated. 
The most serious side effect that requires monitoring is seizure activity, as all car-
bapenems possess a structural similarity to γ-aminobutyric acid (GABA) and can 
have an antagonistic effect on the action of this neurotransmitter [74]. Cross- 
reactivity with the penicillins has been documented as between 0 and 11 %; how-
ever, carbapenem use is considered safe if the penicillin skin test is negative [75].

Fluoroquinolones can cause severe adverse effects that need close monitoring. 
Although not generally severe or serious, gastrointestinal-related symptoms are the 
most common side effects. Similar to carbapenems, adverse events involving the 
central nervous system such as headache, dizziness, insomnia, and seizures can 
manifest with fluoroquinolone [13]. Cardiovascular effects, especially QT interval 
prolongation, are well known with the older quinolones; the newer generations also 
possess these side effects but with a lesser intensity [76–78]. Although tendinitis 
and joint toxicity have been reported with fluoroquinolones, these side effects are 
not as common. One adverse event of concern in ophthalmology patients is the 
potential for retinal detachment with fluoroquinolones. Due to their ability to 
achieve high concentration in the ocular tissue and cause collagen and connective 
tissue damage, the patients in one study who were prescribed fluoroquinolones car-
ried a 4.5-fold increased risk for retinal detachment [79]. Another study has shown 
a similar result when fluoroquinolones were compared to amoxicillin [80]; however, 
a third study did not show the same effect [81]. Ophthalmologists should use cau-
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tion when prescribing oral fluoroquinolones, especially in patients with high risk for 
retinal detachment.

As resistance has been increasing, more broad-spectrum antibiotics such as van-
comycin and linezolid have been used to treat intraocular infection with methicillin- 
resistant Staphylococcus aureus (MRSA). Vancomycin has been used for the past 
50 years, and its adverse effects have been studied extensively. The most common 
side effect of vancomycin is related to medication infusion rate, also known as red 
man syndrome. This can be minimized with reduction of infusion rate or premedi-
cation with antihistamines. Numerous studies have been done to find the risk fac-
tors for vancomycin-associated nephrotoxicity. Such risk factors are large total 
daily dose (≥4 g/day), obesity (weight ≥ 101.4 kg) [82], higher vancomycin trough 
levels (≥15 μg/mL), concomitant use of nephrotoxic medications, and prolonged 
duration of therapy [83, 84]. Other adverse events such as drug rash, drug-related 
fever, thrombocytopenia, and neutropenia can occur, but these effects are not as 
common [47].

Thrombocytopenia with linezolid has been well documented in the literature. 
The decrease in platelet count occurs with longer duration of therapy, at least 2 
weeks; however, it can occur earlier and thus requires close monitoring [85]. 
Another serious side effect associated with linezolid is a potential drug interaction 
with serotonergic agents and serotonin syndrome with fever, agitation, mental status 
changes, and tremor [85]. Therefore, caution should be practiced when prescribing 
linezolid to a patient who is already taking other serotonergic agents. Although not 
as common, peripheral neuropathy and optic neuropathy can occur when taking 
linezolid [86]. Optic neuropathy is another consequence of its enhanced ability to 
penetrate the eye which can cause vision loss [48]. Therefore, patients who are tak-
ing linezolid for a prolonged duration should follow up with an ophthalmologist for 
early detection of any vision changes to prevent visual loss.

One of the serious side effects associated with amphotericin B is nephrotoxicity. 
It damages renal tubular cells, which disrupts tubular basement membrane and causes 
functioning nephron loss [49]. It also leads to electrolyte wasting, especially of 
potassium, magnesium, and bicarbonate [49]. This is associated with all four formu-
lations; however, amphotericin B deoxycholate is associated with acute infusion- 
related reactions such as chills, fever, and tachycardia. Nausea, vomiting, and liver 
enzyme elevations have been associated with amphotericin B. Similarly, flucytosine 
should be used with caution in patients with renal dysfunction. It can cause fatal bone 
marrow toxicity such as leukopenia and thrombocytopenia [49]. Therapeutic drug 
monitoring is recommended for flucytosine twice weekly. It is also teratogenic, 
therefore, contraindicated in pregnancy. Azoles are generally well tolerated with 
minimal side effects such as gastrointestinal and hepatic toxicity. Voriconazole has 
been known to cause visual disturbances, hallucination, and confusion [49]. For 
patients who are intolerant to voriconazole due to visual disturbances, the newest 
azole, isavuconazonium sulfate, could be an alternative option if broad-spectrum 
coverage is necessary. Echinocandins infrequently cause adverse reactions. 
Occasionally histamine-mediated symptoms such as rash, pruritus, dyspnea, and 
hypotension may occur, but echinocandins are not hepatotoxic or nephrotoxic [49].
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Intravenous acyclovir can cause reversible renal dysfunction and neurotoxicity. 
Clinical manifestations such as lethargy, confusion, hallucinations, seizures, or coma 
could occur, and patients can experience neurotoxicity within 1–3 days of treatment 
[40]. This is more common with valacyclovir. Oral acyclovir is generally well toler-
ated but could cause diarrhea, rash, and headache. Ganciclovir and valganciclovir 
cause myelosuppression and CNS toxicity. The most common reasons for early dis-
continuation of these agents are severe neutropenia and thrombocytopenia [40].

 Summary

Ocular infections can be treated with topical antibiotic agents, subconjunctival or 
intravitreal antibiotic injections, or systemic antibiotics depending on the type of 
infection and the depth of intraocular eye involvement. Each mode of administra-
tion has advantages and disadvantages with regard to delivery of an appropriate 
drug concentration at the site of infection and the potential for antibiotic toxicity. 
Choosing the right therapy with appropriate bacterial, fungal, and/or viral coverage, 
mode of administration, and pharmacologic activity is critical when treating ocular 
infections.

References

 1. Snyder RW, Glasser DB. Antibiotic therapy for ocular infection. West J Med. 
1994;161:579–84.

 2. McCloskey R. Topical antimicrobial agents and antibiotics for the eye. Med Clin North Am. 
1988;72:717–22.

 3. Baum J. Infections of the eye. Clin Infect Dis. 1995;21:479–86.
 4. Stein HA, Stein RM, Freeman MI. Pharmacology. In: The ophthalmic assistant. A text for 

allied and associated ophthalmic personnel. 9th ed. Philadelphia: Saunders; 2012. p. 49–66.
 5. Besivance®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.

cfm?setid=a3e6d688-7e5e-4ca3-b27e-79756c322a32&audience=consumer. Accessed 30 Aug 
2015.

 6. Ciloxan® ointment. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/dru-
gInfo.cfm?setid=1c292706-a900-4d6f-979e-9c42d6ff2fb2&audience=consumer. Accessed 30 
Aug 2015.

 7. Ciloxan® solution. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/dru-
gInfo.cfm?setid=614af481-f9ef-44ac-9cb8-f421660d9cdd&audience=consumer. Accessed 
30 Aug 2015.

 8. Gatifloxacin. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=1160b16c-929a-4e85-9c0b-1d8c96a7678b&audience=consumer. Accessed 30 
Aug 2015.

 9. Quixin®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=09b3a912-97f9-45ae-a162-9f45c860dc22&audience=consumer. Accessed 30 Aug 
2015.

 10. Iquix®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=067ea8ec-99a3-4a0b-9116-4ffd6160b24b&audience=consumer. Accessed 30 
Aug 2015.

9 Anti-infective Therapy for Ocular Infection

http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=a3e6d688-7e5e-4ca3-b27e-79756c322a32&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=a3e6d688-7e5e-4ca3-b27e-79756c322a32&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=1c292706-a900-4d6f-979e-9c42d6ff2fb2&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=1c292706-a900-4d6f-979e-9c42d6ff2fb2&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=614af481-f9ef-44ac-9cb8-f421660d9cdd&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=614af481-f9ef-44ac-9cb8-f421660d9cdd&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=1160b16c-929a-4e85-9c0b-1d8c96a7678b&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=1160b16c-929a-4e85-9c0b-1d8c96a7678b&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=09b3a912-97f9-45ae-a162-9f45c860dc22&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=09b3a912-97f9-45ae-a162-9f45c860dc22&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=067ea8ec-99a3-4a0b-9116-4ffd6160b24b&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=067ea8ec-99a3-4a0b-9116-4ffd6160b24b&audience=consumer


210

 11. Vigamox®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=0e6ab6ba-5eeb-4faf-ba80-4bf21a74228a&audience=consumer. Accessed 30 Aug 
2015.

 12. Ocuflox®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=7aab4449-3dda-4e2c-8e40-b3244a548bf5&audience=consumer. Accessed 30 
Aug 2015.

 13. Hooper D, Strahilevitz J. Quinolones. In: Bennett JE, Dolin R, Blaser MJ, editors. Mandell, 
Douglas, and Bennett’s principles and practice of infectious diseases. 8th ed. Philadelphia: 
Saunders; 2015. p. 419–39.

 14. Hass W, Pillar CM, Torres M, Morris TW, Sahm DF. Monitoring antibiotic resistance in ocular 
microorganisms: results from the Antibiotic Resistance Monitoring in Ocular micRorganisms 
(ARMOR) 2009 surveillance study. Am J Ophthalmol. 2011;152:567–74.e3. doi:10.1016/j.
ajo.2011.03.010. Epub 2011 Jun 8.

 15. Sivapalasingam S, Steigbigel NH. Macrolides, clindamycin, and ketolides. In: Bennett JE, 
Dolin R, Blaser MJ, editors. Mandell, Douglas, and Bennett’s principles and practice of infec-
tious diseases. 8th ed. Philadelphia: Saunders; 2015. p. 358–76.e6.

 16. Azasite™. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=5dc0f75a-1e14-469f-af4f-c668a32f2328&audience=consumer. Accessed 30 
Aug 2015.

 17. Erythromycin ointment. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/
drugInfo.cfm?setid=f4b57b8a-089e-4bbc-bcc7-3a9b9b600930&audience=consumer. 
Accessed 30 Aug 2015.

 18. Neu HC. Clinical microbiology of azithromycin. Am J Med. 1991;91:12S–8.
 19. Thornsberry C, Sahm DF, Kelly LJ, Critchley IA, Jones ME, Evangelista AT, et al. Regional 

trends in antimicrobial resistance among clinical isolates of Streptococcus pneumoniae, 
Haemophilus influenzae, and Moraxella catarrhalis in the United States: results from the 
TRUST Surveillance Program, 1999–2000. Clin Infect Dis. 2002;34 Suppl 1:S4–16.

 20. Hsueh PR, Liu CY, Luh KT. Current status of antimicrobial resistance in Taiwan. Emerg Infect 
Dis. 2002;8:132–7.

 21. Farrell DJ, File TM, Jenkins SG. Prevalence and antibacterial susceptibility of mef(A)-positive 
macrolide-resistant Streptococcus pneumoniae over 4 years (2000–2004) of the PROTEKT US 
Study. J Clin Microbiol. 2007;45:290–3.

 22. Green MD, Beall B, Marcon MJ, Allen CH, Bradley JS, Dashefsky B, et al. Multicentre surveil-
lance of the prevalence and molecular epidemiology of macrolide resistance among pharyngeal 
isolates of group A streptococci in the USA. J Antimicrob Chemother. 2006;57:1240–3.

 23. Villaseñor-Sierra A, Katahira E, Jaramillo-Valdivia AN, de los Angeles Barajas-Garćia M, 
Bryant A, Morfin-Otero R, et al. Phenotypes and genotypes of erythromycin-resistant 
Streptococcus pyogenes strains isolated from invasive and non-invasive infections from 
Mexico and the USA during 1999–2010. Int J Infect Dis. 2012;16:e178–81.

 24. Gordon KA, Beach ML, Biedenbach DJ, Jones RN, Rhomberg PR, Mutnick AH. Antimicrobial 
susceptibility patterns of beta-hemolytic and viridans group streptococci: report from the 
SENTRY Antimicrobial Surveillance Program (1997–2000). Diagn Microbiol Infect Dis. 
2002;43:157–62.

 25. Gentak®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm? 
setid=561cf436-74b8-452c-9fd2-e42f859c87dd&audience=consumer. Accessed 30 Aug 2015.

 26. Tobrex®. DailyMed, Bethesda.2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=cdd423c5-a231-47d4-bf51-00b5c29e6a60&audience=consumer. Accessed 30 
Aug 2015.

 27. Egger SF, Ruckhofer J, Alzner E, Hell W, Hitzl W, Huber-Spitzy V, et al. In vitro susceptibili-
ties to topical antibiotics of bacteria isolated from the surface of clinically symptomatic eyes. 
Ophthalmic Res. 2001;33:117–20.

 28. Leggett JE. Aminoglycosides. In: Bennett JE, Dolin R, Blaser MJ, editors. Mandell, Douglas, 
and Bennett’s principles and practice of infectious diseases. 8th ed. Philadelphia: Saunders; 
2015. p. 310–21.e7.

J. Kim

http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=0e6ab6ba-5eeb-4faf-ba80-4bf21a74228a&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=0e6ab6ba-5eeb-4faf-ba80-4bf21a74228a&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=7aab4449-3dda-4e2c-8e40-b3244a548bf5&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=7aab4449-3dda-4e2c-8e40-b3244a548bf5&audience=consumer
http://dx.doi.org/10.1016/j.ajo.2011.03.010
http://dx.doi.org/10.1016/j.ajo.2011.03.010
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=5dc0f75a-1e14-469f-af4f-c668a32f2328&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=5dc0f75a-1e14-469f-af4f-c668a32f2328&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=f4b57b8a-089e-4bbc-bcc7-3a9b9b600930&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=f4b57b8a-089e-4bbc-bcc7-3a9b9b600930&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=561cf436-74b8-452c-9fd2-e42f859c87dd&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=561cf436-74b8-452c-9fd2-e42f859c87dd&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=cdd423c5-a231-47d4-bf51-00b5c29e6a60&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=cdd423c5-a231-47d4-bf51-00b5c29e6a60&audience=consumer


211

 29. Robert PY, Adenis JP. Comparative review of topical ophthalmic antibacterial preparations. 
Drugs. 2001;61:175–85.

 30. Kaye KS, Pogue JM, Kaye D. Polymyxins (polymyxin B and colistin). In: Bennett JE, Dolin 
R, Blaser MJ, editors. Mandell, Douglas, and Bennett’s principles and practice of infectious 
diseases. 8th ed. Philadelphia: Saunders; 2015. p. 401–405.e1.

 31. Bacitracin. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm? 
setid=6ed2f2bd-9d2f-46af-a44c-95a02ca034de&audience=consumer. Accessed 30 Aug 2015.

 32. Polycin®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=3abbfb58-26d1-460d-a60f-db63c0193a0d. Accessed 29 Aug 2015.

 33. Polytrim®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=5ce95658-d2eb-4d35-b387-ded0d7e4a122. Accessed 29 Aug 2015.

 34. Neosporin®. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=33e9b6d3-2b2b-4036-dd89-47177e23fcfe. Accessed 30 Aug 2015.

 35. Zinner S, Myer KH. Sulfonamides and trimethoprim. In: Bennett JE, Dolin R, Blaser MJ, edi-
tors. Mandell, Douglas, and Bennett’s principles and practice of infectious diseases. 8th ed. 
Philadelphia: Saunders; 2015. p. 410–8.e2.

 36. Bleph®-10. DailyMed, Bethesda. 2013. http://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=27c8bd30-89ec-464c-b7ac-ca2dbe27e861. Accessed 29 Aug 2015.

 37. Natamycin®. DailyMed, Bethesda. 2013. https://dailymed.nlm.nih.gov/dailymed/drugInfo.
cfm?setid=d262661c-860d-482e-aa8d-3cf1f252b32a. Accessed 13 Mar 2016.

 38. Behrens-Baumann W. Topical antimycotics in ophthalmology. Ophthalmolgica. 1997;211 
Suppl 1:33–8.

 39. Klotz SA, Penn CC, Negvesky GJ, Butrus SI. Fungal and parasitic infections of the eye. Clin 
Microbiol Rev. 2000;13:662–85.

 40. Aoki FY. Antivirals against herpes viruses. In: Bennett JE, Dolin R, Blaser MJ, editors. 
Mandell, Douglas, and Bennett’s principles and practice of infectious diseases. 8th ed. 
Philadelphia: Saunders; 2015. p. 546–62.e7.

 41. Zirgan (ganciclovir ophthalmic gel 0.15%) [prescribing information]. Tampa: Bausch & Lomb 
Inc; 2014.

 44. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner L, et al. 
Clinical practice guideline for the management of candidiasis: 2016 update by the Infectious 
Diseases Society of America. Clin Infect Dis. 2016. doi:10.1093/cid/civ933.

 42. Lopez-Carbezas C, Muner DS, Massa MR, Mensa Puevo JM. Antibiotics in endophthalmitis: 
microbiological and pharmacokinetic considerations. Curr Clin Pharmacol. 2010;5:47–54.

 43. Riddell 4th J, Comer GM, Kauffman CA. Treatment of endogenous fungal endophthalmitis: 
focus on new antifungal agents. Clin Infect Dis. 2011;52:648–53.

 45. Thielen TL, Castle SS, Terry JE. Anterior ocular infections: an overview of pathophysiology 
and treatment. Ann Pharmacother. 2000;34:235–46.

 46. Doi Y, Chambers HF. Penicillins and beta lactamase inhibitors. In: Bennett JE, Dolin R, Blaser 
MJ, editors. Mandell, Douglas, and Bennett’s principles and practice of infectious diseases. 
8th ed. Philadelphia: Saunders; 2015. p. 263–77.e3.

 47. Murray BE, Arias CA, Nannini EC. Glycopeptides (vancomycin and teicoplanin), strepto-
gramins (quinupristin-dalfopristin), lipopeptides (daptomycin), and lipoglycopeptides (tela-
vancin). In: Bennett JE, Dolin R, Blaser MJ, editors. Mandell, Douglas, and Bennett’s principles 
and practice of infectious diseases. 8th ed. Philadelphia: Saunders; 2015. p. 377–400.e4.

 48. Cox HL, Donowitz GR. Linezolid and other oxazolidinones. In: Bennett JE, Dolin R, Blaser 
MJ, editors. Mandell, Douglas, and Bennett’s principles and practice of infectious diseases. 
8th ed. Philadelphia: Saunders; 2015. p. 406–9.e2.

 49. Rex JH, Stevens DA. Drugs active against fungi, pneumocystis, and microsporidia. In: Bennett 
JE, Dolin R, Blaser MJ, editors. Mandell, Douglas, and Bennett’s principles and practice of 
infectious diseases. 8th ed. Philadelphia: Saunders; 2015. p. 479–94.e4.

 50. Nett JE, Andes DR. Antifungal agents: spectrum of activity, pharmacology, and clinical indi-
cations. Infect Dis Clin North Am. 2016. doi:10.1016/j.idc.2015.10.012.

 51. Chhablani J. Fungal endophthalmitis. Expert Rev Anti Infect Ther. 2011;9:1991–201.

9 Anti-infective Therapy for Ocular Infection

http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=6ed2f2bd-9d2f-46af-a44c-95a02ca034de&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=6ed2f2bd-9d2f-46af-a44c-95a02ca034de&audience=consumer
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3abbfb58-26d1-460d-a60f-db63c0193a0d
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3abbfb58-26d1-460d-a60f-db63c0193a0d
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=5ce95658-d2eb-4d35-b387-ded0d7e4a122
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=5ce95658-d2eb-4d35-b387-ded0d7e4a122
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=33e9b6d3-2b2b-4036-dd89-47177e23fcfe
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=33e9b6d3-2b2b-4036-dd89-47177e23fcfe
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=27c8bd30-89ec-464c-b7ac-ca2dbe27e861
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=27c8bd30-89ec-464c-b7ac-ca2dbe27e861
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d262661c-860d-482e-aa8d-3cf1f252b32a
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d262661c-860d-482e-aa8d-3cf1f252b32a
http://dx.doi.org/10.1093/cid/civ933
http://dx.doi.org/10.1016/j.idc.2015.10.012


212

 52. Smith J, Safdar N, Knasinski V, Simmons W, Bhavnani SM, Ambrose PG, et al. Voriconazole 
therapeutic drug monitoring. Antimicrob Agents Chemother. 2006;50:1570–2.

 53. Pascual A, Calandra T, Bolay S, Buclin T, Bille J, Marchetti O. Voriconazole therapeutic drug 
monitoring in patients with invasive mycoses improves efficacy and safety outcomes. Clin 
Infect Dis. 2008;46:201–11.

 54. Cresemba (isavuconazonium) [prescribing information]. Northbrook: Astellas Pharma US 
Inc; 2015.

 55. Azari AA, Barney NP. Conjunctivitis: a systemic review of diagnosis and treatment. JAMA. 
2013;310:1721–9.

 56. Jager RD, Aiello LP, Patel SC, Cunningham Jr ET. Risks of intravitreous injection: a compre-
hensive review. Retina. 2004;24:676–98.

 57. Intravitreal Injections. In: American academy of ophthalmology. 2015. http://www.aao.org/
clinical-statement/intravitreal-injections--november-2008. Accessed 20 Aug 2015.

 58. Sosa AB, Epstein SP, Asbell PA. Evaluation of toxicity of commercial ophthalmic fluoroqui-
nolone antibiotics as assessed on immortalized corneal and conjunctival epithelial cells. 
Cornea. 2008;27:930–4. doi:10.1097/ICO.0b013e31816f27ab.

 59. Tsai T-H, Chen WL, Hu FR. Comparison of fluoroquinolones: cytotoxicity on human corneal 
epithelial cells. Eye (Lond). 2010;24:909–17. doi:10.1038/eye.2009.179. Epub 2009 Jul 24.

 60. Kim SY, Lim JA, Choi JS, Choi EC, Joo CK. Comparison of antibiotic effect and corneal 
epithelial toxicity of levofloxacin and moxifloxacin in vitro. Cornea. 2007;26:720–5.

 61. Alfonso E, Crider J. Ophthalmic infections and their anti-infective challenges. Surv 
Ophthalmol. 2005;50 Suppl 1:S1–6.

 62. Campochiaro PA, Lim JI. Aminoglycoside toxicity in the treatment of endophthalmitis. The 
Aminoglycoside Toxicity Study Group. Arch Ophthalmol. 1994;112:48–53.

 63. Seawright AA, Bourke RD, Cooling RJ. Macula toxicity after intravitreal amikacin. Aust N Z 
J Ophthalmol. 1996;24:143–6.

 64. Braga-Mele R, Chang DF, Henderson BA, Mamalis N, Talley-Rostov A, Vasavada 
A. Intracameral antibiotics: safety, efficacy, and preparation. J Cataract Refract Surg. 
2014;40:2134–42.

 65. Faure C, Perreira D, Audo I. Retinal toxicity after intracameral use of a standard dose of cefu-
roxime during cataract surgery. Doc Ophthalmol. 2015;130:57–63. doi:10.1007/s10633-
014- 9465-7. Epub 2014 Oct 16.

 66. Ciftci S, Ciftci L, Daq U. Hemorrhagic retinal infarction due to inadvertent overdose of cefu-
roxime in cases of complicated cataract surgery: retrospective case series. Am J Ophthalmol. 
2014;157:421–5.e2. doi:10.1016/j.ajo.2013.10.018. Epub 2013 Nov 6.

 67. Craig W, Andes DR. Cephalosporins. In: Bennett JE, Dolin R, Blaser MJ, editors. Mandell, 
Douglas, and Bennett’s principles and practice of infectious diseases. 8th ed. Philadelphia: 
Saunders; 2015. p. 278–292.e4.

 68. Heim-Duthoy KL, Caperton EM, Pollock R, Matzke GR, Enthoven D, Peterson PK. Apparent 
biliary pseudolithiasis during ceftriaxone therapy. Antimicrob Agents Chemother. 
1990;34:1146–9.

 69. Park HZ, Lee SP, Schy AL. Ceftriaxone-associated gallbladder sludge. Identification of 
calcium- ceftriaxone salt as a major component of gallbladder precipitate. Gastroenterology. 
1991;100:1665–70.

 70. Letellier G, Desjarlais F. Analytical interference of drugs in clinical chemistry: II. The interfer-
ence of three cephalosporins with the determination of serum creatinine concentration by the 
Jaffe reaction. Clin Biochem. 1985;18:352–6.

 71. Grill MF, Maganti R. Cephalosporin-induced neurotoxicity: clinical manifestations, potential 
pathogenic mechanisms, and the role of electroencephalographic monitoring. Ann Pharmacol. 
2008;42:1843–50.

 72. Martinez-Rodriguez JE, Barriga FJ, Santamaria J, Iranzo A, Pareja JA, Revilla M, et al. 
Nonconvulsive status epilepticus associated with cephalosporins in patients with renal failure. 
Am J Med. 2001;111:115–9.

J. Kim

http://www.aao.org/clinical-statement/intravitreal-injections--november-2008
http://www.aao.org/clinical-statement/intravitreal-injections--november-2008
http://dx.doi.org/10.1097/ICO.0b013e31816f27ab
http://dx.doi.org/10.1038/eye.2009.179
http://dx.doi.org/10.1007/s10633-014-9465-7
http://dx.doi.org/10.1007/s10633-014-9465-7
http://dx.doi.org/10.1016/j.ajo.2013.10.018


213

 73. Lamoth F, Buclin T, Pascual A, Vora S, Bolay S, Decosterd LA, et al. High cefepime plasma 
concentrations and neurological toxicity in febrile neutropenic patients with mild impairment 
of renal function. Antimicrob Agents Chemother. 2010;54:4360–7.

 74. Miller AD, Ball AM, Bookstaver PB, Dornblaser EK, Bennett CL. Epileptogenic potential of 
carbapenem agents: mechanism of action, seizure rates, and clinical considerations. 
Pharmacotherapy. 2011;31:408–23.

 75. Doi Y, Chambers HF. Other beta-lactam antibiotics. In: Bennett JE, Dolin R, Blaser MJ, edi-
tors. Mandell, Douglas, and Bennett’s principles and practice of infectious diseases. 8th ed. 
Philadelphia: Saunders; 2015. p. 293–7.e2.

 76. Noel GJ, Natarajan J, Chien S, Hunt TL, Goodman DB, Abels R. Effects of three fluoroquino-
lones on QT interval in healthy adults after single doses. Clin Pharmacol Ther. 
2003;73:292–303.

 77. Morganroth J, Dimarco JP, Anzueto A, Niederman MS, Choudhri S, CAPRIE Study Group. A 
randomized trial comparing the cardiac rhythm safety of moxifloxacin vs levofloxacin in 
elderly patients hospitalized with community-acquired pneumonia. Chest. 2005;128: 
3398–406.

 78. Briasoulis A, Agarwal V, Pierce WJ. QT prolongation and torsade de pointes induced by fluo-
roquinolones: infrequent side effects from commonly used medications. Cardiology. 
2011;120:103–10.

 79. Etminan M, Forooghian F, Brophy JM, Bird ST, Maberley D. Oral fluoroquinolones and the 
risk of retinal detachment. JAMA. 2012;307:1414–9.

 80. Kuo SC, Chen YT, Lee YT, Fan NW, Chen SJ, Li SY, et al. Association between recent use of 
fluoroquinolones and rhegmatogenous retinal detachment: a population-based cohort study. 
Clin Infect Dis. 2014;58:197–203.

 81. Pasternak B, Svanström H, Melbye M, Hviid A. Association between oral fluoroquinolone use 
and retinal detachment. JAMA. 2013;310:2184–90.

 82. Lodise TP, Lomaestro B, Graves J, Drusano GL. Larger vancomycin doses (at least four grams 
per day) are associated with an increased incidence of nephrotoxicity. Antimicrob Agents 
Chemother. 2008;52:1330–6.

 83. Hidayat LK, Hsu DI, Quist R, Shriner KA, Wong-Beringer A. High-dose vancomycin therapy 
for methicillin-resistant Staphylococcus aureus infections: efficacy and toxicity. Arch Intern 
Med. 2006;166:2138–44.

 84. Jeffres MN, Isakow W, Doherty JA, McKinnon PS, Ritchie DJ, Micek ST, et al. Predictors of 
mortality for methicillin-resistant Staphylococcus aureus health-care-associated pneumonia: 
specific evaluation of vancomycin pharmacokinetic indices. Chest. 2006;130:947–55.

 85. Zyvox® (linezolid) [package insert]. New York: Pharmacia and Upjohn Company; 2012.
 86. Narita M, Tsuji BT, Yu VL. Linezolid-associated peripheral and optic neuropathy, lactic aci-

dosis, and serotonin syndrome. Pharmacotherapy. 2007;27:1189–97.

9 Anti-infective Therapy for Ocular Infection



215© Springer International Publishing Switzerland 2016
N.V. Laver, C.S. Specht (eds.), The Infected Eye, 
DOI 10.1007/978-3-319-42840-6_10

    Chapter 10   
 Role of the Clinical Microbiology Laboratory                     

     David     W.     Craft       and     Wallace     H.     Greene     

       The microbiology laboratory offers a variety of procedures and diagnostic 
 technologies to assist in the diagnosis of ocular infection. Laboratory procedures 
that support the identifi cation of ocular pathogens include smear and microscopy, 
conventional culture, serological assays, and a number of specifi c molecular assays 
to include nucleic acid amplifi cation and DNA sequencing. As many organisms 
cause eye infection, the specimen site and specifi c comments concerning a potential 
etiology should be communicated to the laboratory so that appropriate methods can 
be applied. 

 Recommendations for the laboratory diagnosis of ocular infection are often 
based on studies where only small numbers of clinical specimens were examined, 
so the evidence base for many recommendations is limited [ 1 ]. Frequently, pretreat-
ment with topical antimicrobial agents further complicates laboratory diagnosis of 
both bacterial conjunctivitis and keratitis [ 2 ]. 

    Specimen Collection and Transport 

 Specimens may be collected from the surface of the eye or from the intraocular tis-
sues. It is important to select the appropriate specimen for a particular ocular infec-
tion, collect it properly, and label it accurately. If a certain pathogen is suspected, the 
laboratory should be notifi ed to ensure that pathogen-specifi c protocols are fol-
lowed. If acceptable to the microbiology laboratory used by the ophthalmologists in 
a given medical practice, specimens can be inoculated to primary culture media at 
the bedside or in the clinic and then sent for evaluation in the laboratory. Fresh 
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unexpired media must be made available to clinical areas that routinely collect ocu-
lar cultures. Ideally a separate set of primary media should be used for each speci-
men site. The types of specimens that may be taken for ocular infection are found in 
Table  10.1 .

   Conjunctival specimens collected by swab, spatula scrapings from the cornea, 
and aspirated samples of intraocular fl uids or pus may be planted to agar plates and 
then sent to the laboratory, or they may be sent directly to the laboratory for pro-
cessing. Specimens should be collected before topical anesthetics are instilled. 
When a swab is used for specimen collection, premoistening the swab in sterile 
broth lessens trauma and increases the yield of growth in culture. If conjunctival 
swabs are collected from both eyes, always use a separate swab for each eye. If 
planted in the clinic to the same culture plates, ensure that the swabs are streaked in 
distinctly different areas of the plates and marked as such. It is important to remem-
ber that the conjunctiva is home to various bacteria from the environment and the 
ocular adnexa and that these organisms can sometimes contaminate cultures taken 
from within the ocular globe or orbital tissues. Specimens from the conjunctiva may 
be collected as a control to compare with specimens collected by more invasive 
techniques [ 3 ]. 

 For specimens such as intraocular fl uids or suppurative material from an abscess 
that are aspirated by needle and syringe, it is important that the needle is removed 
and the syringe capped before transport to the laboratory. Tissue fragments or for-
eign bodies should be collected into sterile containers and transported to the labora-
tory for processing. 

 Specimens for culture of anaerobic bacteria should be sent to the laboratory in 
anaerobic transport media, chlamydial and viral culture samples should be taken 
using Dacron swabs with non-wood shafts. Ideally, fl ocked swabs should be used as 
they collect more cells for release into the transport medium. Some fl uids used for 
storage or transport in ophthalmology, such as contact lens solution and the storage 
media used for corneal rims, include antibiotics or other chemical components that 
can alter the growth characteristics of microorganisms. The value of routinely sub-
mitting corneal donor rims for microbiological testing at the time of keratoplasty is 
unclear; however, culture-positive results are related to increased risk of ocular 
infection [ 4 ]. Corneal donor rings are often submitted to the laboratory for culture 
in storage media that contain antibiotics, and the predictive value of negative culture 
results is uncertain. It is thus important to communicate with the laboratory about 

  Table 10.1    Types of ocular 
specimens  

 Conjunctival swab 
 Corneal scrapings 
 Aqueous and vitreous fl uid aspirates 
 Aspirate from an abscess or wound 
 Periocular tissue 
 Corneal donor ring in storage media 
 Contact lens solutions 
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the type of transport fl uid being sent, as this can impact the interpretation of culture 
results. 

 Immediate transportation of microbiological specimens or inoculated media to 
the laboratory is important. Once microbiological media is inoculated with a speci-
men for culture, best results are obtained if the culture is incubated in appropriate 
environmental conditions. If incubators are not available and transport is delayed, 
then inoculated media should be maintained at room temperature until delivery to 
the laboratory. However, microbiology specimens should be maintained at room 
temperature for no longer than 24 h. Collection and transport devices, including 
transport media such as Amies, have compared favorably to direct inoculation [ 2 ]. 
Inoculated culture media do not require additional processing once received in the 
laboratory and can proceed immediately to microscopic examination, culture incu-
bation, or molecular assay protocols. 

 It is not uncommon for a microbiology facility to receive extremely small tissue 
specimens that may be hidden or diffi cult to recognize in the container. These speci-
mens are also at risk for dehydration that can affect the viability of the organisms. 
Communication with the laboratory and the use of a sterile fl uid to humidify the 
containers during transport may help to mitigate these transportation and processing 
challenges.  

    Handling of Specimens for the Diagnosis of Ocular Infections 

 For common types of ocular infection, primary pathogens and recommended isola-
tion media are summarized in Tables  10.2 ,  10.3 ,  10.4 ,  10.5 ,  10.6 , and  10.7 .

            Processing Specimens for Culture 

 When spatula scrapings, biopsy tissue specimens, fl uid samples, or swabs in trans-
port media are received by the laboratory for culture of bacteria, fungi, or acid-fast 
bacilli (AFB), they are inoculated to primary agar plates and broths that are appro-
priate for the organisms of interest as indicated by the clinician [ 5 ]. The agar plates 
are planted with specimen and streaked for quantitation or isolation, while broth 
cultures are inoculated using at least 100 μls of fl uid or minced tissue. In addition, 
smears are prepared; stained for bacteria, fungi, or AFB; and evaluated with micros-
copy; this can yield a rapid morphological diagnosis when positive. 

 Conjunctival specimens collected by swab are planted and streaked across agar 
plates. For spatula scrapings of corneal tissue, three to fi ve scrapings per cornea are 
planted to agar plates. Intraocular fl uids or pus may be planted to agar plates and 
broth as indicated. In all cases, microscopic evaluation of a smeared specimen on a 
glass slide is part of the regular evaluation of these specimens. Vitrectomy  specimens 
are diluted and require centrifugation in the laboratory. The resulting  concentrated 
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pellet is harvested for smears and culture. In addition to culture, vitreous fl uids may 
be used for molecular amplifi cation, liquid-based cytology, and cell blocks if enough 
tissue is available [ 6 ,  7 ]. 

 Upon receipt in the laboratory, corneal rim tissue is removed from the storage 
medium with sterile forceps and plated to media that support the growth of bacteria and 
yeast. Smears are prepared and may be stained for bacteria, fungi, and AFB. The stor-
age medium may then be concentrated by centrifugation, using the sediment to make 
smears. For small volumes of fl uid, a cytospin slide may be prepared for staining. 

 Additional organisms that cause ocular infections and that may be associated 
with travel outside the United States require laboratory testing beyond the routine 
protocols found in the clinical microbiology laboratory. These pathogens include 
 Corynebacterium diphtheriae ,  Leptospira interrogans ,  Trypanosoma  spp., 
 Leishmania  spp.,  Loa loa ,  Onchocerca volvulus ,  Microsporidia  spp., and 
 Mycobacterium leprae . Postinfectious uveitis can develop in patients who have had 
Ebola virus disease, and this syndrome may be emerging in survivors of the recent 
outbreak in sub-Saharan West Africa [ 8 ]. 

 Specimen collection and processing requirements for viral and chlamydial 
pathogens are very similar to those for bacteria and fungi. Specimens are often 
collected with swabs or corneal scrapings which are best transported to the labora-
tory in universal transport media, a standardized liquid media formulated for opti-
mal preservation of viruses and  Chlamydia . Antibiotics are included to suppress 

   Table 10.2    Handling of specimens for the diagnosis of ocular infection a    

 Clinical condition 

 Primary 
isolation 
media b   Primary pathogen(s)  Comments 

  Blepharitis  
  Nasolacrimal duct 
obstruction  including 
   Canaliculitis 
   Dacryocystitis 
   Dacryoadenitis 

 SBA 
 CHOC 
 MAC 
 AnaeBA (if 
secondary to 
trauma) 
 Fungal media c  
 Viral media: 
   Universal 

transport 
medium d  

  Staphylococcus aureus  
 Coagulase-negative 
staphylococci (CNS) 
  S. pneumoniae  
  Streptococcus  spp. 
  Actinomyces  spp. 
 Gram-negative bacteria 
(including  E. coli  and  H. 
infl uenzae ) are rare 

 Bacterial culture includes 
morphological evaluation 
with a Gram stain 
  Actinomyces  spp. are often 
associated with 
canaliculitis 
 Fungal culture includes 
morphological evaluation 
with a calcofl uor white 
stain 
 Mites that infest lid 
margins may be found by 
histopathology 

   a Handling of specimens for the diagnosis of ocular infection (Adapted from  Clinical Microbiology 
Procedures Handbook , 3rd ed. Table 3.10-2) 
  b Bacterial media: sheep blood agar (SBA), chocolate agar (CHOC), MacConkey agar (MAC), and 
anaerobic blood agar (AnaeBA). These media are adequate for the growth of yeast 
  c Fungal media may include inhibitory mold agar (IMA), brain heart infusion (BHI), or potato fl ake 
agar (PFA) 
  d Universal transport medium (UTM) is a standardized transport solution for optimal preservation 
of viruses and  Chlamydia  and may be used with molecular amplifi cation assays  
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the growth of bacteria and fungi. Samples taken in this way are also suitable for 
the application of molecular amplifi cation assays. Corneal scrapings may be 
placed on glass microscope slides and stained with immunofl uorescence methods 
for specifi c viruses [ 2 ,  9 ]. If anesthetics or dyes have been used prior to collecting 
a specimen, the eye should be thoroughly rinsed with sterile saline or water before 
obtaining the specimen. These substances may interfere with molecular amplifi ca-
tion assays.  

    Smears and Histology 

 Smears for microscopic examination may be prepared in the laboratory from swabs, 
tissue scrapings, or fl uids. Materials are placed or smeared onto a cleaned micro-
scope slide, fi xed appropriately, and stained. Slides may be stained for bacteria with 
the Gram stain method; for acid-fast bacilli (AFB) with the Kinyoun, Ziehl-Neelsen, 
or fl uorochrome methods; for fungi (yeasts; molds) or  Acanthamoeba  with the cal-
cofl uor white/KOH method; or for  C. trachomatis  using direct fl uorescent antibody 
(DFA) methods. Fluids may be cytospun to increase the sensitivity of stained smears 
for identifi cation of microorganisms. 

   Table 10.3    Handling of specimens for the diagnosis of ocular infection a    

 Clinical 
condition 

 Primary 
isolation 
media b   Primary pathogen(s)  Comments 

 Cellulitis  SBA 
 CHOC 
 MAC 
 AnaeBA 
 (if secondary 
to trauma) 
 Fungal media c  
 Viral media: 
 Universal 
transport 
medium d  

  S. aureus  
  S. pneumoniae  
 Viridans group 
streptococci (including 
the Anginosus group) 
  S. pyogenes  (Group A 
 Streptococcus ) 
  H. infl uenzae  
  Moraxella catarrhalis  
 Gram negatives including 
    P. aeruginosa  
 Anaerobes 

  Periorbital  
 Localized soft tissue infection 
around the eye 
  H. infl uenzae  may be recovered in 
infants and young children 
  Orbital  
 Mixed aerobic and anaerobic 
infection secondary to trauma or 
sinusitis 
 Blood cultures should be obtained 
 Fungi, including  Aspergillus  spp. 
and  Mucor  spp., may be important 
in diabetic or other immune- 
compromised patients 

   a Handling of specimens for the diagnosis of ocular infection (Adapted from  Clinical Microbiology 
Procedures Handbook , 3rd ed. Table 3.10-2) 
  b Bacterial media: sheep blood agar (SBA), chocolate agar (CHOC), MacConkey agar (MAC), and 
anaerobic blood agar (AnaeBA). These media are adequate for the growth of yeast 
  c Fungal media may include inhibitory mold agar (IMA), brain heart infusion (BHI), or potato fl ake 
agar (PFA) 
  d Universal transport medium (UTM) is a standardized transport solution for optimal preservation 
of viruses and  Chlamydia  and may be used with molecular amplifi cation assays  
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 For surgical pathology tissue that has been fi xed and prepared as histological 
slides in the histopathology laboratory, staining with tissue modifi cations of the 
Gram stain for bacteria, the Grocott methenamine silver stain for fungi and 
 Acanthamoeba , or the Ziehl-Neelsen stain for AFB may allow identifi cation of an 
infectious pathogen. Nonspecifi c stains such as Giemsa can also be used to reveal 
microorganisms in histological slides. 

 In the case of AFB and fungi, this histological identifi cation can be made before 
culture results are available. In all cases, however, morphological identifi cation only 
provides information about the general type of organism involved in an infection. 
Although this can be clinically useful, only microbiological culture methods or 
molecular assays provide information that allows for defi nitive classifi cation of the 
organism with genus and species.  

   Table 10.4    Handling of specimens for the diagnosis of ocular infection a    

 Clinical condition 
 Primary 
isolation media b   Primary pathogen(s)  Comments 

 Conjunctivitis  SBA 
 CHOC 
 MAC 
 AnaeBA 
 (if secondary to 
trauma) 
 Fungal media c  
 Viral media: 
 Universal 
transport 
medium d  

  Staphylococcus  spp. 
  Haemophilus infl uenzae  
  Streptococcus 
pneumoniae  
  Streptococcus pyogenes  
  Moraxella  spp. 
  Pseudomonas aeruginosa  
 Enteric Gram-negative 
rods (rare) 
  Neisseria gonorrhoeae  
  C. trachomatis  
 Picornavirus 
 Rubella 
 Rubeola 
 Mumps 
 Infl uenza 
 EBV 
 Papillomavirus 
 Molluscum contagiosum 
 HIV 
 West Nile virus 
 Zika virus 
 Vaccinia virus 
(postvaccination) 

  Enterobacteriaceae  and  P. 
aeruginosa  may be 
important in children, 
hospitalized, and/or 
immunocompromised 
patients 
 DFA e  for  Chlamydia 
trachomatis  in neonates. 
 Commensal skin fl ora such 
as CNS and 
 Corynebacterium  spp. can 
be pathogens 
 Parasites and fungi (rare) 
may be detected by 
histopathology 

   a Handling of specimens for the diagnosis of ocular infection (Adapted from  Clinical Microbiology 
Procedures Handbook , 3rd ed. Table 3.10-2) 
  b Bacterial media: sheep blood agar (SBA), chocolate agar (CHOC), MacConkey agar (MAC), and 
anaerobic blood agar (AnaeBA). These media are adequate for the growth of yeast 
  c Fungal media may include inhibitory mold agar (IMA), brain heart infusion (BHI), or potato fl ake 
agar (PFA) 
  d Universal transport medium (UTM) is a standardized transport solution for optimal preservation 
of viruses and  Chlamydia  and may be used with molecular amplifi cation assays 
  e  DFA , direct fl uorescent antibody testing  

D.W. Craft and W.H. Greene



221

    Bacterial Culture and Antimicrobial Susceptibility Testing 

 When received in the laboratory, smears are Gram stained, specimens are planted to 
primary agar media, and broth is inoculated for aerobic culture and anaerobic cul-
ture (if requested by the clinician). Primary media generally include sheep blood 

   Table 10.5    Handling of specimens for the diagnosis of ocular infection a    

 Clinical 
condition 

 Primary 
isolation 
media b   Primary pathogen(s)  Comments 

 Keratitis  SBA 
 CHOC 
 MAC 
 AnaeBA 
 (if secondary 
to trauma) 
 Fungal media c  
 AFB media d  
 Viral: 
 Universal 
transport 
medium e  

  Corneal trauma/ulcer  
  Pseudomonas aeruginosa  
  S. aureus  
 CNS 
  S. pneumoniae  
  S. pyogenes  (Group A 
 Streptococcus ) 
 Viridans group streptococci 
  Propionibacterium  spp. 
  Enterobacteriaceae  
  Moraxella  spp. 
 Anaerobes 
 AFB 
  Nocardia  spp. 
 HSV 
 VZV 
 Adenovirus 
 Vaccinia virus 
(postvaccination) 
  Contact lens associated  
 Gram-negative bacteria, 
including  P. aeruginosa , 
 Serratia  spp. 
  Acanthamoeba  spp. 
  Fusarium  spp. 
  Candida  spp. 
  Aspergillus  spp. 
 AFB – rapid growers 
  Bacillus  spp. 

 Keratitis is caused by a variety 
of organisms, depending upon 
the mechanism of corneal injury 
 Fungal, AFB and, nocardial 
keratitis should be ruled out in 
chronic infection or following 
refractive surgery 
 Additional serologic tests are 
required for some parasitic and 
all syphilitic or Lyme-associated 
keratitis 
 Corneal ulcers may be examined 
by a molecular amplifi cation 
assay or viral culture, 
particularly for patients with 
trigeminal herpes zoster 
infection 

   a Handling of specimens for the diagnosis of ocular infection (Adapted from  Clinical Microbiology 
Procedures Handbook , 3rd ed. Table 3.10-2) 
  b Bacterial media: sheep blood agar (SBA), chocolate agar (CHOC), MacConkey agar (MAC), and 
anaerobic blood agar (AnaeBA). These media are adequate for the growth of yeast 
  c Fungal media may include inhibitory mold agar (IMA), brain heart infusion (BHI), or potato fl ake 
agar (PFA) 
  d AFB media: AFB (mycobacterial) media may include Löwenstein-Jensen (LJ) or Middlebrook 
agar and broth culture 
  e Universal transport medium (UTM) is a standardized transport solution for optimal preservation 
of viruses and  Chlamydia  and may be used with molecular amplifi cation assays  
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agar (SBA), chocolate agar (CHOC), and MacConkey agar (MAC); these cultures 
are incubated with 5 % CO 2  at 37 °C for 3 days. If anaerobic culture has been 
requested, anaerobic media such as thioglycolate broth or CDC anaerobic blood 
agar (AnaeBA) plates can be added. These cultures are maintained in an anaerobic 
environment at 37 °C for 4 days. Incubation of broth cultures for  Propionibacterium 
acnes  in invasively collected ocular specimens may be extended to 7 days. 

 In order to produce clinically relevant results, the laboratory may not fully iden-
tify commensal or skin fl ora, and antimicrobial susceptibility testing (AST) may be 
limited. Culture growth of clinically insignifi cant bacteria, especially from conjunc-
tival specimens, may result from contamination of the specimen by organisms from 
the surrounding skin. Commensal or normal fl ora of the skin surrounding the eye 
includes coagulase-negative staphylococci (CNS), viridans group streptococci, 
diphtheroids such as  Corynebacterium  spp.,  Propionibacterium  spp.,  Moraxella  
spp., and  Peptostreptococcus  spp. 

   Table 10.6    Handling of specimens for the diagnosis of ocular infection a    

 Clinical condition 

 Primary 
isolation 
media b  

 Primary 
pathogen(s)  Comments 

 Endophthalmitis  SBA 
 CHOC 
 MAC 
 AnaeBA 
 (if secondary 
to trauma) 
 Fungal 
media c  
 AFB media d  
 Viral: 
 Universal 
transport 
medium e  

  Candida  spp. 
 CNS 
  S. aureus  
  S. pneumoniae  
 Viridans group 
streptococci 
  Bacillus  spp. 
  P. aeruginosa  
  Acinetobacter  spp. 
  P. acnes  
  H. infl uenzae  
  Neisseria  spp. 
 Anaerobes 
 Gram-negative 
bacteria 
 Molds 
( Aspergillus , 
 Fusarium ) 
 HSV 

 Endophthalmitis is caused by a 
variety of organisms, depending 
upon the mechanism of infection 
 Fungal, AFB, and nocardial 
endophthalmitis should be ruled 
out in chronic postsurgical and 
traumatic infections 
  Bacillus cereus  is the most 
common and fulminant of the 
 Bacillus  spp. 
 Viral cultures should be 
considered, particularly for 
patients with trigeminal herpes 
zoster infection 
 The inner eye chambers may be 
seeded by any bacteria or fungi 
that cause bacteremia or 
fungemia, so blood cultures 
should be obtained 

   a Handling of specimens for the diagnosis of ocular infection (Adapted from  Clinical Microbiology 
Procedures Handbook , 3rd ed. Table 3.10-2) 
  b Bacterial media: sheep blood agar (SBA), chocolate agar (CHOC), MacConkey agar (MAC), and 
anaerobic blood agar (AnaeBA). These media are adequate for the growth of yeast 
  c Fungal media may include inhibitory mold agar (IMA), brain heart infusion (BHI), or potato fl ake 
agar (PFA) 
  d AFB media: AFB (mycobacterial) media may include Löwenstein-Jensen (LJ) or Middlebrook 
agar and broth culture 
  e Universal transport medium (UTM) is a standardized transport solution for optimal preservation 
of viruses and  Chlamydia  and may be used with molecular amplifi cation assays  
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  Chlamydia  may be identifi ed using direct immunofl uorescence (DFA), through 
growth in cell culture, or with molecular methods [ 2 ]. Detection by DFA is rapid 
and was widely used in the past. However, this is much less sensitive than molecular 
methods and is no longer readily available in most laboratories. Growth in cell cul-
tures was once commonly used to detect  Chlamydia  in ocular samples, but this has 
been widely replaced by molecular assays. Cell culture methods have fallen out of 
favor due to the time required for  Chlamydia  to grow and because maintaining the 
viability of these organisms in cell culture can be diffi cult. In current practice, the 
use of molecular assays including the polymerase chain reaction (PCR) is recom-
mended to detect chlamydial infections. This has the advantage of superior sensitiv-
ity and yields a more rapid test result than culture. The use of molecular testing also 
eliminates the problem of decreased viability that may occur when culture speci-
mens are sent to reference laboratories for detection. 

 Close coordination between the clinician and the laboratory in developing cul-
ture protocols and result reporting is essential for proper interpretation of results 
and therapeutic management of the patient.  Neisseria gonorrhoeae  or  C. trachoma-
tis  in a conjunctival culture,  P. aeruginosa  in a corneal culture, or  Bacillus  spp. in a 
vitreous aspirate or anterior chamber tap are considered critical reports, and the 
clinician should be notifi ed immediately [ 2 ]. 

 Antimicrobial susceptibility testing (AST) yielding minimum inhibitory concen-
tration (MIC) values with breakpoint interpretations is useful for therapeutic 

   Table 10.7    Handling of specimens for the diagnosis of ocular infection a    

 Clinical 
condition 

 Primary 
isolation 
media b  

 Primary 
pathogen(s)  Comments 

 Uveitis  SBA 
 CHOC 
 MAC 
 AnaeBA 
 (if secondary 
to trauma) 
 AFB media c  
 Viral: 
 Universal 
transport 
medium d  

  M. tuberculosis  
  Spirochetes  
(syphilis, Lyme) 
  Toxoplasma 
gondii  
  Toxocara  spp. 
  Candida  spp. 
 HSV 
 VZV 
 CMV 
  Onchocerca 
volvulus  

 Most uveitis infections are not diagnosed 
by conventional culture methods 
 Serological assays are used for spirochetal 
and parasitic disease 
 Uncommon ocular diseases include cat 
scratch disease ( Bartonella  spp.), West 
Nile virus, brucellosis, Whipple’s disease, 
leprosy, leptospirosis, and Ebola virus 
disease 

   a Handling of specimens for the diagnosis of ocular infection (Adapted from  Clinical Microbiology 
Procedures Handbook , 3rd ed. Table 3.10-2) 
  b Bacterial media: sheep blood agar (SBA), chocolate agar (CHOC), MacConkey agar (MAC), and 
anaerobic blood agar (AnaeBA). These media are adequate for the growth of yeast 
  c AFB media: AFB (mycobacterial) media may include Löwenstein-Jensen (LJ) or Middlebrook 
agar and broth culture 
  d Universal transport medium (UTM) is a standardized transport solution for optimal preservation 
of viruses and  Chlamydia  and may be used with molecular amplifi cation assays  
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decision- making on patients requiring systemic therapy. MIC breakpoint interpreta-
tions are not defi ned for drugs that are applied topically or that are injected into the 
anterior or posterior segments of the eye, as concentrations achievable through 
direct administration can be signifi cantly greater than those measured in serum after 
oral or parenteral administration.  

    Culture for Acid-Fast Bacilli (AFB) 

 For AFB (including mycobacteria), smears of material submitted to the laboratory 
should be stained with a fl uorochrome stain such as auramine-rhodamine for maxi-
mum sensitivity. Primary media generally include a Löwenstein-Jensen (LJ) slant, 
a Middlebrook (7H11) agar plate, and a Middlebrook (7H9) broth; these are incu-
bated in 5 % CO 2  at 35 °C for up to 42 days. Growth on culture plates may be con-
fi rmed as AFB by evaluation with the Kinyoun or Ziehl-Neelsen staining methods. 
 Nocardia  spp. are gram-positive beaded rods and weakly acid-fast. When received 
in the laboratory, smears of the submitted material should be stained using a modi-
fi ed acid-fast staining procedure. The organisms can be cultured on chocolate plates 
incubated in 5 % CO 2  at 35 °C for 5 days.  

    Culture for Fungal Organisms 

 Smears of material submitted to the laboratory should be evaluated with a fl uores-
cent stain such as calcofl uor white with KOH. For common yeasts such as  Candida  
spp. and  Cryptococcus  spp., the organisms can be cultured on SBA and chocolate 
agar for 3 days. Fungal media for molds such as  Aspergillus  spp. and  Fusarium  spp. 
may include inhibitory mold agar (IMA), brain heart infusion (BHI), or potato fl ake 
agar (PFA). For fungal dimorphs that can grow as either molds or as yeast forms, 
such as  Blastomyces  spp. and  Histoplasma  spp., cultures can be plated on brain 
heart infusion (BHI) with blood agar and Sabouraud (SAB) agar and grown at 30 °C 
for 4 weeks. Special blood cultures for dimorphic fungi may also be obtained, and 
this should be coordinated with the laboratory prior to collection. Growth on culture 
plates can be microscopically examined for fi nal morphological identifi cation using 
smears stained with lactophenol cotton blue/KOH.  

    Detection of Parasitic Organisms 

 When present as the cyst form,  Acanthamoeba  spp. may be readily detected in 
smears using the calcofl uor white stain; however, the sensitivity of this method is 
dependent on the number of cysts in the sample, and the method requires a 
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fl uorescent microscope equipped with an appropriate UV fi lter in order to visualize 
the organism [ 2 ,  10 ]. The amoebic form of  Acanthamoeba  may be grown on non- 
nutrient agar that has been overlaid with  E. coli  to serve as a food source [ 11 ]. 
Cultures are usually positive in 2–5 days, depending on the number of organisms in 
the sample. Suitable sample types include corneal scrapings, contact lens, and the 
contact lens case. 

  Toxoplasma gondii  can cause acute or congenital ocular infections, including 
chorioretinitis. Although the organism has been grown in cell culture, this technique 
is rarely used and has been replaced by detecting the DNA of the organism or the 
local production of specifi c antibody in the aqueous humor [ 12 ]. 

 While not endemic in the United States, infection with the fi larial parasite 
 Onchocerca volvulus  is occasionally found in travelers from countries where it is 
common. The microfi lariae may be directly observed in the cornea and the anterior 
chamber of the eye. They may also be detected by collecting a small skin biopsy 
from the nape of the neck or shoulders and placing it in normal saline. If present, the 
microfi lariae will emerge within a few hours or up to 24 h later and can be easily 
seen with a microscope [ 13 ]. Serologic assays to detect IgG antibodies to the organ-
ism are also available from reference laboratories.  

    Detection of Viral Organisms 

 Numerous viruses can cause ocular disease [ 2 ]. Viral conjunctivitis is most fre-
quently caused by adenovirus; however,  Herpes simplex  virus (HSV),  Varicella zos-
ter  virus (VZV), picornaviruses, and other less common viruses may also produce 
this condition [ 14 ]. Keratitis can be caused by HSV, VZV, adenovirus, Epstein-Barr 
virus (EBV), and various enteroviruses [ 15 ]. HSV, VZV, and  Cytomegalovirus  
(CMV) can cause infection of the intraocular tissues with involvement of the retina 
and uvea [ 16 ]. A variety of methods has been used in the past to detect these viruses, 
but there is overwhelming evidence that molecular amplifi cation assays such as 
PCR are superior as they provide increased sensitivity and have the ability to detect 
viruses that do not grow in cell culture [ 16 ]. 

 Members of the herpes family that infect humans and produce ocular infections 
include HSV, CMV, VZV, and EBV. Primary HSV infection and recurrent outbreaks 
with signifi cant symptoms can be detected in smears of corneal scrapings using an 
immunofl uorescent stain; this method also allows the differentiation of HSV-1 and 
HSV-2 infections [ 2 ,  9 ,  14 ,  17 ]. Cell culture or molecular assays are often used to 
further evaluate negative specimens. However, to obtain antiviral sensitivities, a 
viral isolate from cell culture is required. 

 CMV infection produces characteristic intranuclear inclusions in tissue that can 
be detected with immunohistochemical or direct fl uorescent antibody (DFA) stains, 
although molecular assays are more sensitive [ 16 ]. VZV is very diffi cult to culture 
but may be detected by immunohistochemical or DFA stains. Negative results 
should be confi rmed by a sensitive molecular assay [ 16 ]. EBV does not grow in cell 
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culture; therefore, molecular assays are recommended for detection of this virus. 
The presence of EBV in histological tissue sections can be demonstrated with in situ 
hybridization for EBV-encoded RNA (EBER) [ 16 ]. 

 Adenovirus and picornaviruses can infect the eye, usually causing conjunctivitis. 
With acute adenoviral conjunctivitis (epidemic conjunctivitis; “pink eye”), a high 
concentration of virus is often present that can be detected with DFA staining of 
smears. This method provides a rapid result when positive. Most strains of adenovi-
rus will grow in cell culture, but this often requires several days. Molecular assays 
are recommended as the best way to detect. Many strains of picornavirus are diffi -
cult to grow in culture but are readily detected with molecular assays. 

 Numerous other viruses such as respiratory viruses, rubella, rubeola, mumps, 
Zika virus, papillomavirus, and molluscum contagiosum that can produce a variety 
of different disease syndromes may also cause conjunctivitis as a symptom [ 14 ]. 
Infection with these viruses can often be identifi ed based on clinical presentation. 
However, when it is necessary to do laboratory testing to confi rm a diagnosis, sero-
logic assay for specifi c IgM or IgG antibodies is the most reliable method. An ade-
quate period of time between the onset of symptoms and collection of the serum 
sample must be allowed for the immune response to develop.     
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