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tarGet auDienCe this educational activity is in-
tended for ophthalmologists and ophthalmologists in 
residency or fellowship training.
LearninG oBJeCtiVes upon completion of this 
activity, participants will be able to:
1. make more accurate diagnoses of EKC through im-

proved use of clinical evidence and advanced diagnostic 
tools.

2. Improve EKC treatment and patient counseling to 
lessen patient discomfort and prevent spread of EKC 
and associated ocular morbidity.

3. Improve clinician’s drug selection by identifying patient/
disease situations in which there may be clinical reasons 
to consider branded drug rather than generic.

4. State two reasons why differences in the formulations may 
matter more for topical ocular drugs than oral agents.
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virus as the cause of EKC. 
Today we know that out of 
53 serotypes of adenovi-
ruses that produce disease 
in humans, three (serotypes 
8, 19, and 37) are the most 
frequent cause of EKC.2 
Despite the advances in our 
understanding of the etiology 
of EKC, there has been little 
improvement in our man-
agement of the condition. 
Studies continue, but there 
is still no FDA-approved 
antiviral treatment to shorten the course 
of EKC and prevent vision-threatening 
complications. 

  
Diagnosis 

Accurate and timely diagnosis of 
EKC is important for optimal manage-
ment and containment. Clinical diagno-
sis of EKC, however, can be challenging 
because of its non-specifi c presentation. 
Indeed, using only signs and symptoms 
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Decades after the identif ication of 
adenovirus as the causative agent in 
epidemic keratoconjunctivitis the highly 
contagious disease remains a challenge to 
diagnose and treat. 

Conjunctivitis is the most frequent 
cause of a red eye, and epidemic kera-
toconjunctivitis (EKC) is a relatively 
severe manifestation of this condition.1 
Patients with EKC usually present with 
the symptoms and signs common to 
most forms of acute viral conjunctivitis: 
tearing, discomfort, follicular reaction 
on the lower tarsal conjunctiva, and 
sometimes photophobia. Generally 
self-limited, EKC infection usually re-
solves on its own within a month. Some 
patients, however, develop serious, 
vision-threatening complications that 
can persist far longer.

It has been nearly six decades since 
Jawetz and colleagues identifi ed adeno-

FiGure 1 Nummular subepithelial infi ltrates seen in EKC. 
(Photographs courtesy of Stephen C. Kaufman, MD, PhD.)

for guidance, up to 50% of conjuncti-
vitis cases may be misdiagnosed.3 To 
discriminate EKC from other forms of 
conjunctivitis such as bacterial conjunc-
tivitis or herpes virus infection requires 
a good history and careful examination 
of the eye and the conjunctiva; but even 
then misdiagnoses are common.

Typically, bacterial infections are 
characterized by purulent discharge 
and a papillary reaction, as opposed 
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to the serous discharge and 
follicular reaction found in 
viral infections. Distinguish-
ing among different viral 
infections is more diffi  cult 
because of the similarity in 
symptoms, but characteristic 
signs may provide diagnostic 
clues. A corneal dendrite, for 
instance, is indicative of a 
herpes virus infection.

One feature that dis-
tinguishes EKC from other 
forms of viral conjunctivitis 
is its corneal involvement 
and potential to impair vi-
sion. Eyes aff ected by EKC 
can develop subepithelial 

infi ltrates or opacities as a 
result of an immune reaction 
to viral antigens in the cornea 
[Figures 1 and 2]. Long after 
the active adenovirus infec-
tion has resolved, these viral 
antigens can persist in the 
cornea with the resulting in-
fi ltrates continuing to aff ect 
vision long after the primary 
infection has resolved. Th ese 
nummular subepithelial in-
fi ltrates can last for months 
or even years.4  

new Diagnostic tool
Laboratory tests such as 

polymerase chain reaction 

statement oF neeD
Ophthalmologists face numerous challenges in optimizing 
their competencies and clinical practices in the realm of 
preventing, diagnosing, and treating ocular infections and 
their sequelae; these challenges include:
•  Th e widespread “off -label” use of topical ophthalmic anti-

biotics to prevent and treat serious and sight-threatening 
infections—given the reality that the most widely used 
topical antibiotics in ophthalmology have FDA approvals 
restricted to bacterial conjunctivitis.

•  Th e escalating levels of multi-drug resistance in common 
ocular pathogens.1

•  Th e emergence and increasing prevalence of once-atypical 
infections that may require diagnostic and treatment 
techniques relatively unfamiliar to comprehensive oph-
thalmologists.2 

•  Th e introduction of new and potentially more effi  cacious 
and/or safe ophthalmic antiinfectives.3

•  Th e introduction of new and potentially more accurate 
diagnostic techniques for ophthalmic infections.4

•  Widespread discussion over the effi  cacy and safety of novel 
or alternative delivery techniques and vehicles for prophy-
lactic ophthalmic antibiotics (including but not limited to 
intracameral injection and topical mucoadhesives).5,6

•  Increased understanding of the infl ammatory damage 
caused by ocular infections and the best ways to prevent/
alleviate infl ammation without fueling the growth of 
pathogenic organisms. 

Given the continually evolving challenges described above, 
Topics in Ocular Antiinfectives aims to help ophthalmologists 
update outdated competencies and narrow gaps between 
actual and optimal clinical practices. As an ongoing resource, 
this series will support evidence-based and rational antiinfec-
tive choices across a range of ophthalmic clinical situations. 
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FiGure 2 Corneal infi ltrates in EKC. Note their location immediately 
below the corneal epithelium.
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(PCR) and viral culture with immuno-
fl uorescence staining can help confi rm a 
diagnosis of adenoviral infection. How-
ever, these methods are too complex and 
too expensive to be used in the routine 
diagnosis of conjunctivitis.

In the last few years, a simple in-
offi  ce diagnostic tool, the AdenoPlus™ 
(Nicox/RPS), has been developed. Th e 
device, which employs a hand-held, 
disposable device to collect the speci-
men, detects all adenovirus serotypes 
and yields a result in about 10 minutes. 
With a reported 90% sensitivity and 
96% specifi city, the device is FDA ap-
proved and has great potential for help-
ing clinicians make rapid and accurate 
diagnoses of EKC.5

Current treatment
Currently, there is no FDA-ap-

proved treatment for EKC. Its manage-
ment typically involves only supportive 
treatments, which can relieve symptoms 
but cannot change the course of the 
infection. One such treatment uses   
preservative-free artifi cial tears, which 
can be refrigerated to provide increased 
comfort and reduce tissue swelling. Cold 
compresses also help to reduce swelling 
and infl ammation of the eye.

Use of steroids to treat EKC is 
controversial, but topical steroids have 
become the mainstay of treatment for 
infl ammation and subepithelial infi l-
trates in EKC patients. Steroids are 
typically reserved for cases with severe 
infl ammatory reaction and subepithelial 
infiltrates that significantly decrease 
vision. Generally, a mild topical ste-
roid, such as prednisolone acetate or 
fl uoromethalone, is suffi  cient to help 
the epithelial infi ltrates resolve quickly. 
Th e steroid eye drops should be tapered 
slowly after the infection has resolved.

Steroid therapy should be employed 
only after a defi nitive diagnosis has been 
made. Inadvertent use in herpetic kera-
toconjunctivitis, for example, can cause 
exacerbation of the infection. Even for 
EKC patients, topical steroids are no 
cure—in fact, they may prolong shed-
ding of the virus and slow its clearance.6 
Additionally, long-term use of topical 
steroids is known to be associated with 
such dangers as increased intraocular 

pressure and cataract formation.

transmission Prevention 
Adenovirus is easily transmitted by 

close contact. EKC spreads especially 
quickly in institutions such as schools 
and hospitals. Since no treatment can 
effectively shorten the course of the 
infection, preventing it from spreading 
and becoming epidemic is a key aspect of 
managing EKC. Transmission preven-
tion is diffi  cult, though, because signs 
and symptoms of EKC can show up as 
much as a week or 10 days after contract-
ing the virus. During this incubation 
period, patients can be asymptomatic 
but can unknowingly transmit the dis-
ease to others.

Careful patient counseling can help 
limit the spread of EKC. Clinicians 
should instruct all EKC patients to 
limit the degree to which they expose 
others—by staying away from school or 
work, washing hands frequently, dispos-
ing of tissue paper immediately after its 
use, and not sharing personal items such 
as towels and pillowcases at home. 

Nosocomial infection—from virus 
left behind in doctors’ offi  ces—is a major 
cause of epidemic outbreaks of EKC, 
and protective procedures should be 
routine in every clinical practice. Th e 
examination room should be wiped 
down completely and disinfected. Any 
instrument that was used on the patient, 
such as a tonometer tip, must be steril-
ized or disposable. Other transmission 
control procedures include strict hand 
washing, counseling healthcare workers 
who come in contact with the patient 
about transmission of the disease, and 
counseling infected personnel to remain 
at home for up to 2 weeks, time that viral 
infection is thought to be infectious.4 

the treatment Challenge
Restoring the visual function lost 

to persistent subepithelial infi ltrates re-
mains a major challenge in the manage-
ment of EKC. To date, no treatment has 
proven truly eff ective. Although topical 
steroids can relieve severe symptoms and 
prompt subepithelial infi ltrate resolution 
more quickly, they do not change the 
clinical outcome in the long term; early 
steroid therapy does not prevent the 

subsequent development of persistent 
subepithelial infi ltrates.

Excimer laser phototherapeutic 
keratectomy may improve symptoms 
and vision in EKC patients with corneal 
opacities, but its clinical effi  cacy is not 
yet established.7 Cidofovir (which is used 
intravenously to treat cytomegalovirus 
retinitis) has recently been shown to 
lower the frequency of severe corneal 
opacities when used topically at a 1% 
concentration in EKC patients; but 
the antiviral eye drop also caused local 
toxicity in a dose-dependent manner.4 
Ocular toxicity is a major limitation of 
topical antiviral agents such as cidofovir; 
searching for eff ective yet safe topical 
antivirals should be a major goal of 
future studies.

Ganciclovir, a viral DNA poly-
merase inhibitor similar to cidofovir, 
has shown potential in treating subepi-
thelial infi ltrates in EKC, and a 0.15% 
topical ganciclovir ophthalmic gel is 

core concePts 
➤ while generally self-limited, 

eKC can cause signifi cant 
ocular morbidity when sight-
threatening complications 
such as persistent corneal 
opacities occur. 

➤ Clinical diagnosis of eKC is 
challenging because of the 
non-specifi c nature of its 
signs and symptoms. a rapid 
in-offi ce diagnostic test for 
adenovirus is now available 
to help clinicians make early 
and accurate diagnoses. 

➤ eKC is highly contagious, and 
clinics have been implicated 
in its epidemic spread. 
Patient education, hand 
washing, and examination 
area disinfection measures 
are essential in preventing 
spread of the disease.

➤ Current treatment of eKC 
patients is mainly supportive. 
although clinical trials are 
ongoing, no specifi c antiviral 
has yet been unequivocally 
demonstrated to be safe 
and effective against the 
adenovirus infection. 
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now commercially available in the US. 
Results of a randomized clinical trial 
of 33 EKC patients found a trend to 
faster recovery and lower transmission in 
patients treated with topical ganciclovir, 
although the results were not statistically 
signifi cant.8 A recent case series showed 
a promising eff ect of topical ganciclovir 
in reducing signs and symptoms as well 
as transmission of EKC but noted that 
larger studies were needed.9 Such studies 
are currently underway. 

other emerging options
Generally considered safer than 

steroids, nonsteroidal antiinfl ammatory 
drugs (NSAIDs) have been proposed as 
a potential treatment option for EKC 
symptoms. However, a randomized, 
double-masked clinical trial found that 
the topical NSAID ketorolac trometh-
amine 0.5% used four times daily was 
no better than artifi cial tears at relieving 
either the symptoms or signs of viral 
conjunctivitis.10

Povidone-iodine, a non-specifi c but 
potent disinfectant, has emerged as a 
novel treatment for viral conjunctivi-
tis. One study found povidone-iodine 
1.25% ophthalmic solution ineff ective 
in treating viral conjunctivitis.11 But 
a more recent study demonstrated 
that at the higher concentration of 
2%, topical povidone-iodine was also 
beneficial in providing symptomatic 

relief to EKC patients.12 It appears that 
povidone-iodine’s effi  cacy depends on 
the concentration used, but, again, the 
usefulness of the higher concentration 
will be limited by its toxicity to the eye 
and patients’ ability to tolerate the solu-
tion. However, further clinical studies 
are warranted to fi nd povidone-iodine 
concentrations that are both eff ective 
and tolerable.

Anti-HIV medications are also un-
der investigation as possible treatments 
for EKC. Researchers have observed 
remarkable anti-adenoviral activity in 
some anti-HIV medications, but no 
study results are available yet concern-
ing their effi  cacy in treating adenoviral 
eye infection.13 

Stephen C. Kaufman, MD, PhD, is Lyon Profes-
sor of Ophthalmology and director of cornea and 
refractive surgery at University of Minnesota in 
Minneapolis, MN. 
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core concePts 
➤ the ocular surface is 

exposed directly to all the 
components of a topical 
formulation. unlike oral 
medications, where the 
excipients are separated from 
active drug in the gut, the 
effectiveness and safety of 
ophthalmic medications can 
be infl uenced by the inactive 
ingredients through pathways 
not present for oral drugs.

➤ Direct exposure to the 
preservative benzalkonium 
chloride may potentiate 
antibiotic activity.

➤ although FDa regulations 
call for generic versions of 
branded drugs to have the 
same active ingredient(s) 
(± 10%), several generic 
ophthalmic drugs have 
different activities than 
branded drugs due to other 
factors such as particle size in 
suspended drug.

➤ of the fourth-generation 
fl uoroquinolones, only 
gatifl oxacin 0.3% is currently 
available as a generic. 
moxifl oxacin, gatifl oxacin 
0.5%, besifl oxacin and 
azithromycin may become 
generic between now and 
2017.

from the active drug, but with eyedrops 
the active agent and the excipients are 
dropped directly on the eye, with no 
intermediate physiological processes to 
modify the eff ects. 

Th e physiological homeostasis of the 
ocular surface is critical to vision, and it 
is highly vulnerable to the medications 
applied to it. In one incident, a series 
of students who had been treated for 
conjunctivitis presented to our clinic. 
Th eir corneas appeared normal and their 
bacterial conjunctivitis was gone, but 
they all had large conjunctival defects 
in the inferior fornix. When we had 
the antibiotic medication they had been 
given tested, it was found to have the 
proper amount of active drug (gentami-
cin) at the proper pH, but the tonicity 
was greater than 700 mOsm/L—much 
higher than the ~300 mOsm/L that 
was expected. Th e company was noti-
fi ed and their manufacture of the drug 
was discontinued, though it remained 
available from several other companies. 

While excipients can cause prob-
lems, in at least one instance an excipi-
ent can be benefi cial. Th e preservative 
benzalkonium chloride (BAK) can 
destabilize bacterial cell walls, killing 
bacteria by a mechanism that is quite 
different from the f luoroquinolones’ 
mechanism of action. Th e presence of 
BAK in test solutions of gatifl oxacin and 
moxifl oxacin has been shown to reduce 
the minimum inhibitory concentrations 
of isolates of methicillin-resistant Staph-
ylococcus aureus and other pathogens.2,3

Among the fourth-generation fl uoro-
quinolones, gatifl oxacin and besifl oxacin 
are preserved with BAK.

other Factors
Bottle design, surface tension, 

viscosity, particle size, and drop size 
can all play a role in the efficacy of 

John R. Wittpenn, MD

With the exception of some fourth 
generation � uoroquinolones, most of our 
ocular antibiotics exist in both branded 
and generic formulations. The issue of 
how generic and branded drugs can di� er 
in safety and efficacy is important for 
practitioners to understand.

Today, most ophthalmic antibiotics 
are available in both branded and gener-
ic formulations. A drug can be marketed 
as a generic when the branded drug’s 
patent expires. Thus, in the coming 
years, we can anticipate that gatifl oxacin 
0.5%, besifl oxacin, moxifl oxacin, and 
azithromycin, which are available only 
in branded forms now, will be sold as 
generic drugs.  According to the FDA’s 
Orange Book, the current generic 
ophthalmic antibiotics are tobramycin, 
gentamicin, polymixin, gramicidin, 
erythromycin, bacitracin, ciprofl oxacin, 
ofl oxacin, levofl oxacin, and gatifl oxacin 
0.3%. (Gatifl oxacin 0.5% is currently 
still on patent.)

Generic Formulations
For a generic ophthalmic medica-

tion, the FDA requires that the active 
ingredient(s) be the same as in the brand 
formulations, and the concentration(s) 
be within 90% to 110%. Any excipient—
ie, any inert or inactive ingredient—is 
acceptable as long as it is on the list of in-
gredients the FDA has approved for that 
application. Th e FDA does, however, 
require that comparable bioavailability 
of the generic drug be demonstrated if 
the ingredients are diff erent from those 
of the original product.1

Th e issue of excipients is particularly 
relevant to topical ocular drugs. With 
oral administration, the digestive sys-
tem eff ectively separates the excipients 

Generic vs. Branded antibiotics: are 
there Differences? Do they Matter?

topical medications.4 Many of these 
factors can change the eff ectiveness of 
a generic agent, even when its formula-
tion is within FDA specifi cations. For 
example, the ophthalmic corticosteroid 
prednisolone acetate is delivered as a 
suspension of fi nely ground drug par-
ticles in vehicle. How much drug is 
delivered in a given dose depends upon 
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the particle size, the ingredients in the 
vehicle, and the size of the bottle orifi ce, 
among other factors. Several studies 
have shown the amount of prednisolone 
delivered by generic formulations varies 
from that of the branded formulation, 
and that the branded formulation may 
be more eff ective at treating infl amma-
tion.5,6 Th ere have been similar reports 
of  lessened effi  cacy in generic versions 
of glaucoma medications.7,8

Cost Differential
An often-asked question is, “If they 

have the same ingredients and similar 
efficacy, why are brand name drugs 
more expensive than generics?” Th ere 
are many considerations that deter-
mine cost, such as recovering the costs 
incurred over years of developing the 
drug and gaining regulatory approval. 

Furthermore, the research and de-
velopment process investigates a huge 
number of chemical entities that start in 
the drug pipeline and die there, without 
ever making the company a penny. Th is 
is a signifi cant expense that the generic 
manufacturers simply don’t have. In ad-
dition, the company that gets the drug 
approved also has to create a process 
to manufacture in a fashion that meets 
stringent FDA requirements. Coming 
back to the prednisolone example, it 
requires a much more exacting manufac-
turing process to mill particles fi nely and 
to formulate a suspension properly so 
that the drug remains suspended longer. 

Whether the cost difference be-
tween branded and generic drugs is jus-
tifi ed in every instance can be debated, 
but it is important to recognize that 
there are cost- as well as profi t-driven 
reasons for the higher price of branded 
medication.

retail Pricing
What matters to patients (and to 

physicians) isn’t what the manufacturer 
charges but what the patient must pay 
at the pharmacy. Sometimes the retail 
cost to the patient of the generic is not 
signif icantly less than the branded 

medication. Nor is it drug companies 
who set the fi nal price to consumers. 
After manufacturing, medications pass 
through wholesalers, distributors, and 
retailers, all of whom add their own 
markup. 

Drug companies sell a brand at a 
given price to the wholesaler, but they 
don’t control what happens after that. 
We did an informal study of the way in 
which an ophthalmic drug was priced in 
our immediate area and found that the 
identical medication sold in diff erent lo-
cations at retail prices that ranged from 
$86 to $150. Investigation revealed the 
drug company sold it at the same price 
to each wholesaler, and each wholesaler 
sold it to the retail stores at the same 
price. In this case it was the retailers who 
created the price diff erential. Th us, in 
many cases, the retail pricing of branded 
drugs refl ects more than just the amount 
charged by the original manufacturer.

using Generics
For some uses, such as bacterial con-

junctivitis, the older generic drugs are 
perfectly adequate. Generic polymyxin 
B sulfate/trimethoprim sulfate, for ex-
ample, can work well with low toxicity.

Among the fl uoroquinolones, levo-
fl oxacin, ofl oxacin, ciprofl oxacin and 
gatifl oxacin 0.3% are available as ge-
nerics. Th ese are still good antibiotics, 
although in certain cases they may not 
be perfect substitutes for newer agents. 

For eye surgery, I believe that a 
fourth generation f luoroquinolone is 
indicated because endophthalmitis is 
a devastating, if rare, complication. At 
least one retrospective study has shown 
a reduced incidence of post-cataract 
endophthalmitis with prophylactic use 
of fourth generation rather than third 
generation f luoroquinolones.9 In my 
thinking, the dollars spent to gain a 
slight edge by using a branded fourth 
generation f luoroquinolone are fully 
justifi ed by the size of the downside that 
endophthalmitis represents. Similarly, 
bacterial keratitis is a threat to vision 
that needs to be resolved as quickly as 

possible. It requires a potent antibiotic, 
preferably one that also has BAK. While 
all the fourth-generation fl uoroquino-
lones are potent agents, in vitro testing 
fi nds that besifl oxacin has some of the 
lowest MICs against common ocular 
pathogens, including a number of drug-
resistant strains.10

At this time, the fourth genera-
tion f luoroquinolones moxif loxacin, 
besifl oxacin, and gatifl oxacin 0.5% are 
available only in branded formulations. 
When and if they do become generics, 
the new formulations will have to be 
carefully assessed. Antibiotic formula-
tion is an art; so, while the advent of 
potentially less-expensive fl uoroquino-
lones is awaited, their acceptance should 
proceed conservatively.

Challenges
At present, the biggest challenge in 

treating ocular infections is obtaining 
formulary coverage for the fourth gen-
eration fl uoroquinolones. While the risk 
of infection following ocular surgery 
is very small, it is not zero. When the 
rare cataract surgery patient does get 
endophthalmitis, the physician is likely 
to be asked whether everything possible 
was done to prevent it. In my practice, 
when we have a patient who decides 
to use a third generation quinolone, 
we document that, as well as the fact 
that he or she was warned against it. 
Some ophthalmologists have patients 
sign a disclaimer when a generic drug 
is substituted, which is put into the 
chart as well.

With each new generic medication 
there is a need to be cautious until expe-
rience is gained. Despite fairly stringent 
FDA regulations, there is some uncer-
tainty about how the generic drug and 
excipients will interact with the ocular 
surface and whether the performance 
will be the same. As the fourth genera-
tion fl uoroquinolones become generic, 
their sophisticated formulations may 
prove diffi  cult to match.

 
John R. Wittpenn, MD, is a partner in Ophthalmic 
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Consultants of Long Island and a clinical associate 
professor of ophthalmology at the State University of 
New York at Stony Brook.
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 1. Which of the following is a reason why 
povidone-iodine is not widely used to 
treat EKC?
 A. It is not readily available 
 B. It is toxic to the ocular surface and 

poorly tolerated
 C. It is too expensive
 D. It has never shown efficacy

 2. For which scenario(s) does Dr. 
Wittpenn suggest the use of a fourth 
generation fluoroquinolone?
 A. Bacterial conjunctivitis
 B. Bacterial keratitis
 C. Endophthalmitis prophylaxis
 D. Both B and C

 3. Which of the following statements 
about subepithelial infiltrates in EKC is 
NOT true?
 A. They can significantly decrease vision
 B. They can last for a year or more
 C. They can be quickly and safely 

removed by femtosecond lasers
 D. They can persist long after the 

primary infection has resolved
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 1. A B C d

 2. A B C d  

 3. A B C d

 4. A B C d
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 8. A B C d

 9. A B C d

 10. A B C d

ansWers:

 4. Of the following factors, which one does 
the FDA specify must be essentially the 
same in generic and branded drugs?
 A. Administered drop size
 B. Drug concentration
 C. Viscosity
 D. Suspension particle size

 5. Measures that can help prevent 
nosocomial spread of adenoviral 
conjunctivitis include:
 A. Strict hand washing
 B. Instrument sterilization
 C. Disinfection of examination rooms
 D. All of the above

 6. Which of the following excipients has 
been shown to increase in vitro activity 
of gatifloxacin:
 A. Benzalkonium chloride 
 B. Polyethylene glycol
 C. Mannitol
 D. Distilled water

 7. Which one of the following medications 
is FDA approved for the treatment for 
EKC?
 A. Ketorolac tromethamine 0.5%
 B. Cidofovir 
 C. Povidone-iodine
 D. None of the above

 8. By FDA regulation, the concentration of 
the active drug in a generic formulation 
can differ from the branded drug by
 A. ± 0.5%
 B. ± 5%
 C. ± 10%
 D. ± 20%

 9. Drug manufacturers directly determine 
the price of the drug paid by
 A. The wholesaler
 B. The retailer
 C. Medicare
 D. The patient 

 10. Which subtypes of adenovirus are the 
most frequent cause of EKC?
 A. Adenovirus serotypes 8, 19, 37
 B. Adenovirus serotypes 3, 7, 14
 C. Adenovirus serotypes 15 through 18, 

inclusive
 D. All of the above 


