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Abstract 
Microbial keratitis has been studied in Hong Kong as a representative sub-tropical climate of south China. 
An 18-month investigation in 1997198 of 223 cases of ulcerative keratitis (presumed microbial) was 
conducted in the 2 million population of Shatin and Kowloon at the Prince of Wales and Hong Kong Eye 
Hospitals respectively with comprehensive microbiology. A case-control study was pursued at the same 
time between 45 contact-lens wearers (CLW) developing microbial keratitis and 135 lens-wearing 
volunteers matched for age, sex, educational status and visual acuity. Home water supplies were sampled 
for Acanthamoeba. Previous ocular surface disease and trauma (preventable by wearing goggles for grinding) 
were common predisposing causes while cosmetic wear of contact lenses was responsible for 26% of cases 
overall. Pseudomonas aemginosa was the commonest bacterium isolated, from both CLW and non-CLW, 
with infection being acquired within the community. These 28 pseudomonads remained fully sensitive to 
the third-generation cephalosporins, aminoglycosides and quinolone antibiotics, which is very encouraging. 
Fungi were isolated, predominantly Fusarium sp., but less commonly than expected. A fungal/bacterial ratio 
was obtained of 1117, while in comparison, the expected ratio for a tropical climate ranges from 115 
(Singapore) to 112 (South India). Acanthanzoeba was the second commonest microbe isolated from keratitis 
of CLW. The domestic water environment of 8% of homes of both patients and controls wearing contact 
lenses was colonized with Acanthanzoeba. Lack of hygiene, use of tap water for storing lenses, failure to air- 
dry lens-storage cases or use of one-step hydrogen peroxide disinfectant were identified as risk factors for 
keratitis in CLW. The study results commend use of multipurpose solutions by CLW in Hong Kong to 
achieve the lowest expected rates of infection. 

Keywords: eye diseases, microbial keratitis, contact lens, aetiological agents, Acanthamoeba, Pseudomonas aerugizosa, 
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Introduction 
Ulcerative keratitis due to infection is a potentially 

blinding condition which is generally found only in eyes 
with a predisposing element. Contact-lens (CL) wear is 
recognized as an increasingly common risk factor in 
otherwise healthy eyes (DART et al., 1991; ERIE et al., 
1993; SEAL et al., 1999c). When not associated with CL 
use, ulcerative keratitis may be diagnosed in patients of 
all age-groups and trauma is often a predisposing factor. 
With the growth of the CL-user population since the 
198Os, this factor has increased as the primary predis- 
posing cause for ulcerative keratitis in the USA but not 
for the UK (DART et al., 1991; SEAL et aZ., 1999~). The 
situation in south China is unknown. 

Ulcerative keratitis has been reported due to infection 
with a wide range of organisms. There are regional 
variations in the predominance of different microbes, 
reflecting different patient populations and climatic 
effects. Fungi are important in tropical regions such as 
South America, South India and West Africa. Acantha- 
moeba has been identified among CL-related infections 
in many parts of the world. 

However, there is little information on microbial 
keratitis in South-East Asia, although the number of 
CL wearers (CLW) is expected to increase rapidly, 
particularly among the young myopic Chinese popu- 
lation. The cause of such infection has never been fully 
investigated in south China, in particular in the sub- 
tropical urban climate of Hong Kong. Ulcerative keratitis 
caused by unusual pathogens requires specific and often 
expensive diagnostic methods and therapies. A cost- 
effective approach to the diagnosis and satisfactory 
treatment of this condition is possible only when the 
importance of different microbes and their predisposing 
factors are known. 

Methods 
A prospective study of presumed microbial keratitis 

was conducted between April 1997 and August 1998 
with patients from the Hong Kong Eye Hospital 
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(HKEH) and the Prince of Wales Hospital (PWH), 
serving Kowloon and New Territory East, who presented 
with a clinical diagnosis of ulcerative keratitis thought to 
be infected. Clinical findings and predisposing factors 
such as ocular trauma, previous ocular surface disease, 
contact-lens wear and history, application of cortico- 
steroids or antibiotics together with symptoms and signs 
of keratitis were recorded on presentation. All Hong 
Kong ophthalmologists and the Hong Kong Optometric 
Association were informed ofthis study and asked to help 
refer patients with ulcerative keratitis considered due to 
bacteria, fungi or amoebae to one of the 2 hospitals 
mentioned above for investigation and treatment. 

Cornea1 scrapings were performed in all cases using 
preservative-free amethocaine eye drops for local anaes- 
thesia and a Kimura spatula. Gram-stained smears of the 
cornea1 sample were examined by microscopy. Inocula- 
tion of various culture media (blood and chocolate agars 
and thioglycolate broth for bacteria, Sabouraud’s agar 
for fungi and non-nutrient Page’s saline agar for Acantha- 
moeba) was carried out at the time of the procedure. 
Incubation took place in 4% CO2 at 37°C for 48 h for 
bacteria (except 1 week for Nocardia) and 2 weeks for 
fungi at 32”C.-The thioglycolate broth was subcultured 
aerobicallv if it turned turbid after 48 h of incubation. 
Anaerobic subculture was performed only if the aerobic 
culture was negative in the presence of a turbid thiogly- 
colate broth. Culture plates for Acanthamoeba were 
incubated at 30°C wrapped in plastic bags, and exam- 
ined intermittently for up to 4 weeks for the presence of 
characteristic double-walled star-shaped cysts. Culture 
plates were examined using routine laboratory techni- 
ques to isolate and identify bacteria and fungi of pre- 
sumed pathological significance. Antimicrobial 
susceptibility was determined by the Stoke’s disc diffu- 
sion method. 

To investigate predisposing factors for CL-related 
ulcerative keratitis, a case-control study was conducted 
by recruiting community-based asymptomatic lens- 
wearing volunteers with verbal consent from clients 
attending the LASIK (Laser in-situ keratomileusis) 
Clinic, the Eye Screening Clinic and optical centres 
(with the help of the Hong Kong Optometric Associa- 
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tion). In addition, hospital-based staff were recruited at 
PWH. Volunteers were not known to represent any 
specific bias. Those CLW volunteers who were matched 
successfully to lens-wearing patients in our study for age, 
sex and educational status were used as controls. All 
patients and controls were interviewed by the research 
assistant face to face, using the same questionnaires. 
Questions for the care of contact lenses included disin- 
fectant type: hydrogen peroxide or multipurpose solu- 
tion or others; the frequency, duration and details of the 
procedure of disinfection. 

Patients wearing contact lenses and lens-wearing 
volunteers were asked to collect samples with swabs from 
water taps in their homes and to provide their used lens- 
storage cases for culture. The lens-storage cases were 
examined within 48 h of receipt for the presence of 
bacteria with blood and McConkey agars incubated at 
37°C for 18 h-results were recorded semi-quantita- 
tively. Swabs from the home water-supply systems and 
lens-storage cases were cultured for Acanthamoeba sp. by 
incubating the swabs on non-nutrient amoeba1 saline 
agar for 4 weeks at 32°C wrapped in plastic bags. 

Statistical analysis was carried out by using the x2 test 
(EpiInfo, version 5.01 b, 199 1). For patient and matched 
control groups, potential predisposing factors were eval- 
uated for their association with microbial keratitis by 
univariate conditional logistic regression analyses (HOS- 
MER & LEMESHAW, 1989). Matched odds ratios, the 
corresponding 95 percent confidence intervals and P 
values were calculated. Analyses were performed using 
the LogXact logistic regression software featuring exact 
methods. version 1.3 (CYTEL Software Cornoration, 
Cambridge, Massachusetts). 

Results 
Cornea1 scrapings from 35% of 223 patients, with 

nresumed microbial keratitis on nresentation. vielded 
bositive cultures listed in Table 1. fiifty-six (34%j of 164 
non-CLW patients were culture-positive as were 21 
(36%) of 59 wearing contact lenses. The low rate of 
35% culture-positivity was complicated by many pa- 
tients receiving previous therapy with topical antibiotics 
prior to presentation (Table 2). A further exacerbating 
reason could have been use of a blunt Kimura spatula for 
scraping the ulcer rather than a disposable surgical blade 
or needle (SEAL et al., 1999~). 

Staphylococcus aureus and Streptococcus pyogenes were 
isolated only from patients who were not wearing contact 
lenses. Pseudomonas aeru&zosa was the most frequently 
isolated pathogen in both groups of patients (Table 1). 
Five fungal isolations were made with Fusarium sp. being 
the predominant pathogen. Nocardia sp. was isolated 
uniquely from 1 patient wearing contact lenses. 

Five patients with Acanthamoeba keratitis had cos- 
metic wear of contact lenses as a predisposing factor. 
Acanthamoeba was isolated from cornea1 samples from 4 
of them. For the fifth patient, Acanthamoeba was isolated 
from the lens-storage case only. He presented with 
infiltration of the cornea1 nerve and a ring abscess, both 
pathognomonic signs, and responded to specific therapy 
against Acanthamoeba infection. One non-contact lens- 
wearing patient, from whom Acanthamoeba was isolated, 
suffered minor cornea1 trauma and gave a history of 
washing his face with water from a puddle during an 
outdoor trip on a hot day. 

The association of injury, previous use of cortico- 
steroids and antibiotics is given in Table 2. Delav in 
making the correct microbiological diagnosis is reflected 
by the increasing use of antibacterial antibiotics prior to 
hospital presentation in 3 out of 5 fimgal cases and 6 out 
of 6 Acanthamoeba cases. Corticosteroids had been used 
in 12% ofpatients overall prior to referral except for those 
with Acanthamoeba infection. 

Antibiotic susceptibility of the bacterial pathogens is 
given in Table 3. One isolate of Staph. aureus was 
resistant to ofloxacin and tobramycin while 3 isolates 

were resistant to chloramphenicol. The streptococci 
remained sensitive to penicillin, chloramphenicol and 
ofloxacin but not to tetracycline. All 29 isolates of Ps. 
aeruginosa were found sensitive to ceftazidime, ofloxacin 
and tobramycin in contrast to other Gram-negative rods 
which were less susceptible to ceftazidime (54%) and 
chloramphenicol (62%). Of the commonly used 
ophthalmic preparations, tobramycin and ofloxacin were 
the most active in vitro. 

The relationship of climate to the expected ratio of 
fungal to bacterial isolates is given in Table 4. This Table 
compares the results from Hong Kong, of 1 fungal isolate 
for every 17 bacterial isolates (ratio l/17), with those 
reported from temperate, sub-tropical and equatorial 
tropical zones (LIESGANG & FORSTER, 1980; ASBELL & 
STENSON, 1982; ORMEROD, 1987; ORMEROD et al., 
1987; WILLIAMS et al., 1987; KASPAR et al., 1991; 
HAGAN et al.. 1995; GEBAUER et al.. 1996: WANG et 
al., 1997b; THOMAS, 1998). The annual rainfall and 
mean temperature for January and July is also considered 
for each study area reported. 

Altogether, 206 CLW volunteers were recruited to 
take part in the case-control study of whom 135 were 
matched with 45 CLW patients. There was no significant 
difference in alcohol consumption, history of chronic 
illnesses or medication, income, housing type, duration 
of contact-lens use, and visual acuity of the right eye. 
Patients were significantly more likely to be smokers and 
to sleep wearing their lenses overnight (D. Lam et al., 
unpublished observations). There was no significant 
difference in the use of eye drops or ointment in the 3 
months prior to presentation (matched odds ratio 1.36, 
95% confidence limit 0.54-3.29, P = 0,5845), but pa- 
tients were significantly more likely to purchase their eye 
preparation drugs over-the-counter in pharmacy shops 
without seeking medical advice (matched odds ratio 
8.61,95% confidence limit 1.61-85.83, P = 0.0076). 

The response to the questionnaire on the type of 
contact-lens hygiene and disinfection system is given in 
Table 5 for natients and controls excluding 11 (4 na- 
tients, 7 co&ols) who used daily disposable lenses: A 
significantly larger proportion of patients than controls 
used hydrogen peroxide (mostly one-step solution) for 
lens disinfection (P = 0.02). There was no significant 
difference between patients and controls in &ng tap 
water to clean their lenses and/or cases. However, CLW 
patients were significantly more likely to store their lenses 
overnight in tap water (P = 0.007) and not to leave their 
empty storage cases air-dried (P = 0.0048). 

Of the 206 volunteers, 116 returned their used contact 
lens-storage cases for culture. For lens-storage cases with 
separate right and left chambers, culture was performed 
on both chambers and recorded separately. Thus, a total 
of 171 storage case chambers were examined. Table 6 
shows the correlation between the type of disinfecting 
solutions used and the semi-quantitative results of aero- 
bic bacterial culture. Lens-storage cases returned by 
CLW who used the multipurpose solutions were sig- 
nificantly more likely to be culture-negative (P < 0.0 13), 
and less likely to yield heavy growth (P < 0,0036), when 
compared to those using hydrogen peroxide (mostly one- 
step solutions) for disinfection. 

Three of the 5 CLW patients from whom Acantha- 
moeba sp. was isolated from cornea1 scrapings submitted 
their storage cases, which also contained this amoeba. 
Acanthamoeba sp. were also isolated from the used lens- 
storage cases of 3 (2.6%) of 116 asymptomatic CLW 
volunteers, who were subsequently advised to take extra 
care with their lens-care system. All 5 patients with 
Acanthamoeba keratitis and 2 of the 3 CLW volunteers 
with the amoebae in their storage case used hydrogen 
peroxide (mostly, one-step) disinfection. Information 
from the third CLW volunteer was unavailable. Swabs 
of taps and drains of the home water supply from 48 
CLW uatients and 142 CLW volunteers vielded 
Acanthamoeba in 4 (8.3%) and 11 (7.7%), respectively. 
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Table 1. Microbes associated with keratitis (Hong Kong, 1997/98) 
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(a) Organisms cultured from 54 non-contact-lens wearers’ eyes (numbers in 
parentheses indicate 2nd or 3rd isolations from the same eyes) 

AxialiParaxial Peripheral 

Gram-aositive bacteria 
Staphylococcus aureus 6 Staphylococcus aureus 3 
Coagulase-negative staphylococci 6 (3) Coagulase-negative staphylococci 5 
Streptococcus pyogenes 2 Streptococcus pyogenes 1 
Propionibacterium sp. 1 Corynebacteria I 
Enterococcus faecalis (1) Streptococcus salivarius (1) 
Diphtheroids (2) 

Gram-negative bacteria 
Pseudomonas aemginosa 10 Pseudomonas aeruginosa 5 
Pseudomonas 1 sp. 
Serratia marcescens 1 
Serratia 1 sp. 
Klebsiella 1 sp. 
Acinetobacter 2 sp. 
Haemophilus sp. 1 
Moraxella catarrhalis 1 
Neisseria 1 sp. 
Coliforms 1 

Funei 
Fusarium sp. 3 Candida parapsilosis (1) 

Protozoa 
Acanthamoeba 1 

(b) Organisms cultured from 21 contact-lens wearers’ eyes (numbers in parentheses 
indicate 2nd, 3rd or 4th isolations from the same eyes) 

AxialiParaxial Peripheral 

Gram-nositive bacteria 
Streptococcus pneumoniae (1) 
Coagulase-negative staphylococci 1 (1) 
Propionibacterium sp. 1 
Nocardia sp. 1 
Diphtheroids (1) 

Gram-negative bacteria 
Pseudomonas aeruginosa 10 
Pseudomonas sp. 1 (1) 
Stentomonas maltophilia (1) 
Escherichia coli (1) 
Serratia sp. (1) 
Acinetobacter iwoffii (1) 

Fungi 

Protozoa 
Acanthamoeba 5 

Pseudomonas aeruginosa 1 

Penicillium sp. 1 

Table 2. Association of injury and previous use of corticosteroids and anti- 
biotics with organisms isolated from patients (contact-lens wearers and non- 
contact-lens wearers) on presentation to the hospital 

Use of Use of 
Organism Injury corticosteroids antibiotics 

Staphylococcus aureus l/10 (10%) 2/10 (20%) 119 (11%) 
Other Gram-positive cocci 4/29 (14%) 2129 (7%) 8/28 (29%) 
Pseudomonas aeruginosa 5/28 (18%) 3/28 (11%) 12/27 (44%) 
Other Gram-negative rods 9137 (24%) 4/37 (11%) 14/36 (39%) 
Fungi l/5 (20%) 115 (20%) 315 (60%) 
Acanthamoeba O/6 (0%) 016 (0%) 616 (100%) 
No growth 

non-CLW 30”/110 (27%) - - 
CLW O/38 (0%) - - 

CLW, contact-lens wearer; non-CLW, non-contact-lens wearer. 
“Work injury 23, accident 3, surgery 4. 
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Table 3. Antimicrobial susceptibility ofthe major groups ofbacteria isolated from corneal scrapings (Hong 
Kong 1997198) 

Percentage of isolates sensitive to 

Total no. of Ceftazid- Chloram- 
Organism isolates dime phenicol Tetracycline Ofloxacin Tobramycin 

Staphylococcus aureus 10 ND” (S) 70 90 90 Streptococci 5 NDb (S) 100 100 N::R) 
Pseudomonas aeruginosa 29 100 0 

N?(R) 
100 100 

Other Gram-negative 13 54 62 ND 100 100 
rods 

ND, not done; (S), expected to be sensitive to cephalosporins; (R), expected to be resistant. 
“Sensitive to methicillin. 
bSensitive to penicillin. 

Table 4. Relationship of climate to the expected ratio of fungal to bacterial isolates from keratitis studies 

Annual rainfall Mean temperature (“C) Fungalibacterial 
Place of study (reference) (cm) January/July ratio 

Scotland (SEAL et al., 1999~) 
Western Australia (GEBAUER et al., 1996) 
N~~Y~~~(AsBELL&STENSON,~~~~) 
South Africa (OICMEROD, 1987) 
Hong Kong 1998 
South California (ORIWROD et al., 1987) 
Singapore (WONG et aZ., 1997b) 
Bangladesh (WILLIAMS et al., 1987) 
SouthFlorida (LIESGANG&FORSTER, 1980) 
SouthIndia (THOMAS, 1998) 
Accra, Ghana (HAGAN et al., 1995) 
Paraguay (KASPAR et al., 199 1) 

112 
15-86 

112 
71 

221 

2;: 
203 
163 
127 
76 

137 

3114 Cl134 
29116 <l/34 

3129 1199 
22111 1137” 
16128 l/17 
13/21 l/12 
26127 115 
18128 112.5 
20128 112 
2413 1 1/2b 
27126 l/l 
28118 l/lb 

“Mixed fungus/bacteria culture in 14% of cases. 
bMixed polymicrobial culture of bacteria and fungi in 25% of cases. 

Table 5. Comparison of the care of contact lenses between 41 contact-lens-wearer (CLW) 
patients and 116 asymptomatic matched CLW volunteer controlsa 

Patients Controls Matched OR 
Practice (n = 41) (n= 116) (95% CI)b PC 

Storage case disinfectant (multipurpose solutions)d 
Hydrogen peroxide 21 51 3.04 (1.15,9.03) 0.0222 
Other types 7 9 5.62 (1.31, 26.47) 0.0176 
Compliance of cleaning frequencies (yes, scores 4 & 5) 
No (scores 1 to 3) 17 8 18.28 (4.23, 164.99) <0~0001 
Compliance of cleaning procedures’ (yes, scores 4 & 5) 
No (scores 1 to 3) 9 4 8.46 (2.11,48.64) 0.0012 
Use of tap water to clean lenses or cases (no) 
Yes 10 19 1.68 (0.62,4.39) 0.3470 
Use of tap water to store lenses (no) 
Yes 7 2 21.80 (3.18, 146.98) 0.0007 
Weekly use of protein tabletsf (yes) 
No 30 85 4.30 (0.92, 41.37) 0.0698 
Care of the empty storage case+ (air-dried) 
Yes 24 97 0.24 (0.07, 0.68) 0.0048 

“Excluding the 4 patients and 7 controls who used the daily disposable type of contact lenses, and 12 unmatched 
cases. 
‘Matched Odds Ratio (95% confidence limits). 
‘Univariate conditional logistic regression exact P-value. 
dThe reference group used is in parentheses. 
‘Information on 1 patient and 2 controls missing. 
‘Information on 9 patients and 9 controls missing. 
KInformation on 2 patients and 1 control missing. 



MICROBIAL KERATITIS IN HONG KONG 365 

Table 6. Results of aerobic bacterial culture from 171 lens-storage case 
chambers of 116 contact-lens wearer volunteers 

Number of storage case chambers with varying 
bacterial growth 

Disinfectant type Total” No growth Scanty Moderate Heavy 
Multipurpose 103 73” 7 9 14”” 

solutionb Hydrogen peroxide” 51 25* 4 4 la** 
Others 17 6 0 8 3 

“Separate right and left lens-storage case chambers were counted as 2 specimens. 
“Used polyhexamethylene biguanide (PHMB) or polyquad as antibacterial disinfectant. 
‘Mostly one-step (20-min inactivation) type available. 
x2 test, multipurpose solution versus hydrogen peroxide: 
“For no growth, 731103 versus 25151 P < 0.013, odds ratio 2.53 (95% confidence limits 1.19- 
5.38). 
“*For heaw mowth. 14/103 versus 18/51 P < 0.0036, odds ratio 3.47 (95% confidence limits 
1.44-8.39): - ’ 

Discussion 
Patients presenting with ulcerative keratitis thought 

due to infection are first-of-all classified as having 
‘presumed microbial keratitis (BENNETT et al., 1998). 
Cornea1 scrapings are collected for laboratory culture 
and antibacterial and/or antifungal chemotherapy is 
initiated (BENNETT et al., 1998). In situations of im- 
mediate referral to a hospital eye clinic, culture-positivity 
rates can reach 65-73% (NEUMANN & SJ~STFUND, 
1992; BENNETT et al., 1998). Further investigation of 
culture-negative patients for fastidious pathogens, to- 
gether with deep cornea1 scrapings or cornea1 biopsy, can 
identify organisms that would otherwise be missed 
(FICKER et al., 199 1). However, culture-positivity rates 
can fall considerably in a sub-tropical climate (GEBAUER 
et al., 1996) (Western Australia), particularly when 
patients receive antibiotics from private doctors prior to 
Eeferral. The clinical diagnosis df ‘presumed microbial 
keratitis’ has been used in this study to compare CLW 
natients with controls (CLW volunteers) for nredisnos- 
ing factors to infection Ghile culture-proven results (35% 
overall) have been considered for pathogenesis and effect 
of climate and environment. 

Ps. aeru&zosa was the commonest organism causing 
infection (keratitis) for central and peripheral ulcers for 
both CLW and non-CLW patients. This is typical of a 
tropical climate but very difi‘erent to that of a temperate 
one (HAGEN et al.. 1995: BENNETT et al.. 1998: SEAL et 
al., 1998, 1999c). ‘Remarkably, Staph. dureus &d Str. 
pyogenes could not be isolated from ulcers in CLW but 
were isolated from ulcers in non-CLW on 12 occasions 
(Table 1). This is different again to a temperate climate, 
when such isolations from CLW are freauent (BENNETT 
et al., 1998), but the reason is puzzling. in the bK Staph. 
aureus resides on the lid margin in 10% of normals and up 
to 70% of atopes, in whom there is also heavy coloniza- 
tion ofthe nares and eczematous skin, which is the source 
of lens-associated infectious ulcers (SEAL et al., 1998). 

Staph. aureus and Str. pyozenes cause skin infection 
muck more frequently in-ho; humid climates, such as 
Hone Konn. than temnerate ones (SEAL et al.. 2000) and 

“d I 

a sir&ar effect would have been exbected in the cornea in 
CLW. Further study of the CLW population is needed in 
Hong Kong to ascertain whether there is a lower-than- 
expected colonization rate of lid margins with Staph. 
aureus and also whether there is a reduced frequency of 
atopy amongst them. This also applies to carriage of Str. 
pyogenes. 

Recent reports have suggested an increase in resistance 
to auinolone antibiotics bv bacterial isolates from pa- 
tients with ulcerative kerat$is. In New York (THIM.@PA 
et aZ., 2000), from 1990 to 1999, bacterial resistance 
increased dramatically for Ps. aemginosa, from 4 to 35%, 
and for Staph. aureus, from 11 to 23%, but no such 

increase in resistance has been found in Florida (TAFOYA 
et aZ., 2000). All our 27 isolates of Ps. aewginosa 
remained sensitive to quinolones (tested versus oflox- 
acin). This situation contrasts with our Staph. aureus 
isolates of which 10% were resistant to ofloxacin, similar 
to New York (THIMAPPA et aZ., 2000). Our experience 
reflects community-acquired infection in Shatin and 
suggests that monotherapy of microbial keratitis with a 
touical auinolone antibiotic (either 0.3% ciurofloxacin 

I 

or ofloxa’cin) remains effect& in most cases: However, 
the older antibiotic combination of an aminoglycoside 
(1.5% gentamicin or tobramycin) plus a cephalosporin 
(5% cefuroxime or ceftazidime) still represents the ‘gold 
standard’ for initial therapy of presumed bacterial kera- 
titis (BENNETT et al., 1998). 

Fungi were isolated from 5 patients, with Fusarium 
being the commonest species isolated (60%), and Can- 
didu isolated on 1 occasion onlv. While veasts are much 
less commonly expected in the tropics compared to 
mycelial fungi (THOMAS, 1998), the overall number of 
cases of fungal keratitis was lower than had been 
expected; a r&o occurred of 1 fungal isolate for every 
17 bacterial isolates. A similar finding has been renorted 
from Singapore (WONG et al., 19<7a) (Fusarikn sp. 
52%, AspergiZZus sp. 17%) but the occurrence in a similar 
cohort was more frequent with 6 cases expected per year 
compared to 3 per year in Hong Kong; this reflects the 
tropical climate found in Singapore (Table 4). 

The ratio of fungal to bacterial isolates in microbial 
keratitis has been reviewed from 11 other studies con- 
ducted in temperate and tropical zones (Table 4). This 
analysis has shown that in temperate zones a fungali 
bacterial ratio of < l/35 occurs when the majority of 
fungal isolates are yeasts although Fusarium and Asper- 
giZZ& are found a8 rare causes bf keratitis (ASBELL & 
STENSON. 1982: GEBAUER et al., 1996; SEAL et al., 
1999~). Ih contiast, in equatorial tropical zones this 
fungalibacterial ratio can be as high as 112 (KASPAR et al., 
1991; HAGAN et uZ., 1995), while in the sub-tropical 
zones it is often 112 to 115 (LIESGANG & FORSTER. 1980: 
WILLIAMS et al., 1987; V$ONG et al., 1997b; T~~OMAS; 
1998). On the basis of climate, Hong Kong (ratio l/17) 
would have been expected to have experienced more 
fungal cases than south California (ratio 1112) but this 
was not our experience. 

Tropical and sub-tropical zones generally have both a 
higher average rainfall and average mean temperature 
than temperate zones but there are exceptions. While 
Hong Konn is wet (average rainfall 221 cm) and south 
Caligrnia ys dry (aierage rainfall 30 cm) ihey have a 
similar temperature range. Temperate climates are dryer 
and cooler but tropical zones can be dryer as well, such as 
Ghana (West Africa) (average rainfall 76 cm) with a high 
ratio of fungal keratitis (l/l), but are hot climates. The 
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probable explanation for our results in Hong Kong (ratio 
l/17) lies in the urbanization of Kowloon and the 
adjacent New Territory of Shatin in which the study 
was conducted. It is a modern development of concrete 
construction, in contrast to rural surroundings, which 
does not produce a high airborne count of fungal spores, 
grown from vegetable matter, that can infect a compro- 
mised eye. 

Acanthamoeba was identified in Hong Kong causing 
keratitis as well as beine found in the domestic home 
water environment (taps and drains). The majority of 
cases (5 out of 6) were found in cosmetic wearers of 
contac; lenses in -whom the lens was the predisposing 
factor. As found in Scotland (SEAL et al.. 199913). the 
storage cases of the lens-wear&g patients contain&l the 
amoeba as well. Acanthamoeba was also found in 3 lens- 
storage cases of 116 (2.6%) asymptomatic CLW con- 
trols. This figure is similar to that found in Scotland of 
2.2% from 1 out of 46 asymptomatic CLW controls 
(SEAL et al., 1999b). 

The usual source of contamination is from use of tap 
water to store the lenses within the storage case (LEDEE et 
al.. 1996: SEAL et al., 1999b). instead ofusine disinfect- 
ing solutions, which’patienti did more frequently than 
controls (17% and 1.6% storing lenses in tap water, 
respectively; P < 0.0007). Acanthamoeba was found in 
similar proportions in the home water supply of both 
CLW patients and the CLW controls (8.3% and 7.7% 
respectively). These latter figures are lower than the 33% 
of home water supplies found contaminated in Scotland 
(SEAL et al., 1999b) but this may reflect technical 
differences in the methods used since 250-mL water 
samples were cultured in Scotland instead of using tap 
swabs. Protection for CLW against infection with 
Acanthamoeba in Hong Kong, like elsewhere, involves 
avoiding use of tap water in lens-storage cases and storing 
lenses in effective disinfecting solutions. 

SRINIVASAN et al. (1997) studied the epidemiology 
and aetiological diagnosis of cornea1 ulceration in Ma- 
durai, South India. They found a fungal/bacterial ratio of 
l/l (47%/47%) with a mixed fungalibacterial infection in 
5% and Acanthamoeba infection in 1%. Trauma pre- 
ceded in 65% of their patients, few ofwhom wore contact 
lenses. Interestingly, their commonest bacterium was 
Str. pneumoniae (44% of bacteria) with Ps. aeruginosa 
representing only 14% of isolates. A similar spectrum of 
bacterial isolates, with Gram-positive cocci isolated more 
frequently than Gram-negative rods and Ps. aerzlginosa, 
is also found in Tiruchirapalli, a city 300 miles north east 
of Madurai (P. Thomas, personal communication). Why 
South India should experience fewer isolates of Ps. 
aen&zosa from cases of ‘tropical’ bacterial keratitis in a 
hot humid climate is not understood-a similar ‘tropical’ 
flora of Ps. aerzlg;nosa would be expected as found in 
Paraguay, Malaysia and Hong Kong. In contrast, tingal 
keratitis had a similar aetiology to Singapore and Hong 
Kong with Fusarium sp. being the commonest isolate 
(47%) followed bv Asaewillus SD. (16%). 
’ Miirobial keraiitis hui to Eb& sp.; comma-shaped 
halophilic Gram-negative rods, has been described this 
yearlrom the US G;lf of Mexico coast (PENLAND et al., 
2000). This is a new findinn which occurred uarticularlv 
in fishermen with ocular tra;ma. Six cases ofGeratitis duk 
to V. vulnifcus, 5 due to V. alginolyticus and 3 due to V. 
parahaemolyticus have now been identified. Hong Kong 
has a similar climate to the Gulf of Mexico and V. 
vuZnificus is a recognized pathogen causing necrotizing 
fasciitis in fishermen, or those involved with sea water, in 
both communities (SEAL et al., 2000). It is therefore 
possible that several of our cases were infected with Vibrio 
sp. but they require special media for isolation which 
were not used in our study, so they would have been 
‘culture-negative’ presumed infected. Infection by Vibrio 
sp. should be suspected as a cause of bacterial keratitis in 
hot humid climates in fishermen, or those handling sea 
water or fish, in whom there is associated ocular trauma. 
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Cornea1 specimens were not directly cultured for 
anaerobic bacteria because they are recognized as a rare 
cause of microbial keratitis. In a similar cohort study 
from Scotland in 1995, anaerobic bacteria were isolated 
on 1 occasion only (Peptococcus sp.) when patients with 
culture-negative keratitis unresponsive to antibiotic ther- 
apy were recalled for specific anaerobic culture (SEAL et 
al., 1999c). Capnocytophaga has been rarely isolated from 
the cornea by others (FONT et al., 1994). In addition, 
Clostridium pe$ringens has been recovered in the past 
from 3% of eye lids as normal ‘contaminating’ flora. 
Micro-aerophilic bacteria tend to be isolated from the 
conjunctival sac if there is a blocked canaliculus when 
Actinomycetes or Propionibacterium acnes can be cul- 
tured (SEAL et al., 1998); Propionibacterium sp. was 
isolated on 1 occasion in this study but anaerobic bacteria 
were not found as pathogens. 

Comoarison between 41 CLW oatients with keratitis 
and 12s’matched CLW volunteer controls has found that 
patients more frequently complied with cleaning fre- 
quencies and procedures than controls (Table 5, 
P < 0.0001). Patients were also found to be more likely 
to store their lenses in hydrogen peroxide (mostly one- 
step solutions inactivated within 20 min) than the new 
multipurpose solutions which clean with poloxomers 
and disinfect effectively with either polyhexamethylene 
biguanide (PHMB) or polyquad (Table 5, P = 0.02). 

These data are further corroborated by finding that 
lens-storage cases of 116 CLW volunteer controls were 
more likely to be culture-negative if lenses were stored in 
multipurpose solutions than hydrogen peroxide (mostly 
one-step solutions) (P < 0.013) and less likely to have 
heavy bacterial growth (P cO.004) (Table 6). Similar 
data for multipurpose solutions, compared to one-step 
hydrogen peroxide solutions, have been identified for 
lens-storage cases in the UK (SEAL et al., 1999a) but not 
for patients as overall numbers have been too small (SEAL 
et al., 1999b). This is the first time that multipurpose 
solutions have been found so effective in a sub--tropical 
climate such as Honn Konn. Their use as relativelv 
cheap, sterile, effectivi disingcting solutions for CLt 
should be encouraged in South-East Asia and China. In 
the UK the introduction of multipurpose solutions by 
industry is considered to have led to the present reduc- 
tion in incidence of Acanthamoeba keratitis since the 
Scottish study in 1995 (STEVENSON & SEAL, 1998; SEAL 
et al., 1999~). In addition these multipurpose solutions 
are more likely to encourage compliance by the user. 
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Really Essential Medical Immunology. I. Roitt & A. 
Rabson. Oxford: Blackwell Science, 2000. v+186pp. 
Price E14.95 (paperback). ISBN o-632-05506-5. 

One might wonder whether the market needs another 
basic immunology text book. There are already many 
excellent texts, including Roitt’s Essential Immunology, 
now into its ninth edition, and the equally successful 
Immunology by Roitt, Brostoff and Male. In addition 
there are text books on clinical immunology, and many 
other basic first-rate text books originating from outside 
the UK. But to my surprise I found that I could see a place 
for this new addition to the family. 

This book takes us back to where the Roitt Essential 
ZmmunoZogy series started. It has 18 chapters arranged in 
5 part-the basis of immunity, the recognition of 
antigen, the acquired immune response, immunity to 
infection, and clinical immunology. The text is clearly 
written and accompanied by diagrams and colour photo- 
graphs; these are mostly of high quality although a few 
appear rather grainy. Some are old friends to those 
familiar with the other books from this stable, or new 

versions of old friends, such as the apple as an antigen 
held by 6 fingers representing the binding site of an 
antibody molecule. Others are brand new, such as the 
contour plot of a proteosome. Each chapter has a revision 
section at the end, and there is a link to a website with 
multiple choice questions. A reading list provides sug- 
gestions for further reading on each topic, including both 
recent reviews and more classical papers. 

This text book is designed to give students the 
‘absolute essentials’, and has been designed for busy 
medical and science students learning immunology. It 
still has 180 pages in a large format, but the layout is clear 
and informative and it is very easy to read. The sections 
on immunodeficiency, hypersensitivity, transplantation, 
tumour immunology and autoimmunity will make it all 
relevant for medical students. All in all, this book 
provides an up-to-date companion to a basic immunol- 
ogy course, and a solid framework on which students can 
build in the future. 

Hazel M. Dockrell 
Department ofInfectious and Tropical Diseases 
London School of Hygiene and Tropical Medicine 
Keppel Street 
London WClE 7HT, UK 

The book is available from Blackwell Science; fax f44 (0) 1865 
206026, e-mail medirect@blacksci.co.uk 


