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Abstract The purpose of this investigation was to determine
the clinical and corneal microbial profile of infectious keratitis
in a high human immunodeficiency virus (HIV) prevalence
setting in rural South Africa. Data in this cross-sectional study
were collected from patients presenting with symptoms of
infectious keratitis (n=46) at the ophthalmology outpatient
department of three hospitals in rural South Africa. Corneal
swabs were tested for herpes simplex virus type 1 (HSV-1)
and 2 (HSV-2), varicella zoster virus (VZV) and adenovirus
DNA by real-time polymerase chain reaction (PCR) and for
bacteria and fungi by culture. Based on clinical history, dis-
ease characteristics and laboratory results, 29 (63 %) patients
were diagnosed as viral keratitis, including 14 (48 %) viral

keratitis cases complicated by bacterial superinfection, and
17 (37 %) as bacterial keratitis. VZV and HSV-1 DNA was
detected in 11 (24 %) and 5 (11 %) corneal swabs, respective-
ly. Among clinically defined viral keratitis cases, a negative
viral swab was predominantly (93 %) observed in cases with
subepithelial inflammation and was significantly associated
with an increased duration of symptoms (p=0.003). The ma-
jority of bacteria cultured were Gram-positive (24/35), includ-
ing Staphylococcus epidermidis and S. aureus. Viral aetiology
was significantly associated with a history of herpes zoster
ophthalmicus (p<0.001) and a trend was observed between
viral aetiology and HIV infection (p= 0.06). Twenty-one
(47 %) keratitis cases were complicated by anterior uveitis,
of which 18 (86 %) were HIV-infected cases with viral kera-
titis. The data implicate a high prevalence of herpetic keratitis,
in part complicated by bacterial superinfection and/or uveitis,
in HIV-infected individuals presenting with infectious kerati-
tis in rural South Africa.

Introduction

Infectious keratitis is a major cause of ocular morbidity world-
wide and the most common cause of unilateral corneal blind-
ness in low-resource settings [1]. The estimated population
incidence of infectious keratitis in these settings is up to 800
per 100,000/year, which is about 70 times higher than in high-
resource settings [1]. Early diagnosis is essential, as visual
outcome depends on the prompt initiation of targeted antimi-
crobial treatment [2, 3]. The spectrum of keratitis-associated
pathogens is diverse and includes viruses, bacteria, fungi and
protozoa. Moreover, the clinical picture and aetiology of in-
fectious keratitis varies geographically, as it is subject to both
environmental and host factors [1, 2].
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Viruses, in particular human alpha herpesviruses, are well
known inWestern countries for causing recurrent and devastat-
ing keratitis, but data from sub-Saharan African countries are
scarce and solely based on clinical diagnosis [4–6]. The high
human immunodeficiency virus (HIV) prevalence in this region
may play an important role in the distribution of keratitis-
associated pathogens, as HIV-infected individuals are at higher
risk for viral keratitis, particularly varicella zoster virus (VZV)
keratitis [7]. However, themanagement of infectious keratitis in
this region predominantly involves (presumptive) antibiotic
and/or anti-fungal treatment, which may lead to inappropriate
treatment of patients with viral keratitis, thereby increasing the
risk of visual disability [8]. Elucidation of both the aetiology of
infectious keratitis, in particular the potential role of viruses,
and the associated clinical picture in a high HIV prevalence
setting such as rural South Africa is of paramount importance
to improve diagnosis and clinical management aimed to pre-
vent visual impairment and blindness.

The aim of the current study was to determine the clinical
and corneal microbial profile of infectious keratitis in a high
HIV prevalence setting in rural South Africa.

Materials and methods

Study population and setting

This cross-sectional study was conducted at the ophthalmology
outpatient department of three hospitals in rural South Africa
(Mopani District) between September 2013 and May 2015.
Criteria for participation were adult age (≥18 years old), no
recent history of ocular surgery or trauma, willingness to test
for HIV and a clinical diagnosis of keratitis based on slit-lamp
examination: inflammation of the cornea with or without the
presence of a corneal epithelial defect [2, 3, 9]. Contact lens
wearers were excluded. Infectious keratitis was classified as
viral, bacterial, fungal and/or protozoan on the basis of clinical
history (e.g. history of unilateral painful skin rash in the derma-
tomal distribution of the trigeminal nerve as a sign of VZV
infection), disease characteristics (e.g. typical herpetic corneal
dendrites, disciform keratitis or an epithelial defect associated
with a larger infiltrate as a sign of bacterial keratitis), laboratory
results and response to initiated treatment according to current
diagnostic criteria [3, 10, 11]. Infectious keratitis patients pre-
senting with uveitis were defined as keratouveitis. Treatment of
infectious keratitis was initiated according to standard treatment
guidelines for hospitals from the National Department of
Health of South Africa [12]. Ethical clearance for this study
was obtained from the Human Research Ethics Committee
(University of the Witwatersrand, Johannesburg, South
Africa; project ID: M130201). Written informed consent was
obtained from all participants.

Ophthalmic examination

Demographic and clinical data were collected using a ques-
tionnaire and full ophthalmic examination was performed,
including visual acuity using an ‘Illiterate E’ Snellen chart at
a distance of 6 m, slit-lamp examination, intraocular pressure
using the Icare TA01i (Icare Finland Oy, Helsinki, Finland)
and dilated indirect funduscopy. Visual acuity after treatment
was also determined at routine clinical follow-up visits. Visual
impairment was defined according to the International
Classification of Diseases on the basis of the individual’s vi-
sual acuity [13]. Counselling and HIV testing following rou-
tine practice were performed for all participants who reported
to be HIV-uninfected or were unaware of their HIV status.
Diagnostic CD4 counts were determined in all HIV-infected
participants.

Laboratory analyses

Corneal samples were collected from the affected eye under
topical anaesthesia using a corneal swab and an eyelid spread-
er to prevent contamination from the eyelids. Due to the lack
of ophthalmological care in this region, we chose to perform
corneal swabbing instead of corneal scraping, as complica-
tions due to corneal swabbing are less likely to occur. All
samples were collected by the same investigator (ES). First,
a corneal swab for virus detection was obtained in 5 mL col-
lection medium (Puritan Diagnostics, Guilford, CT, USA).
Viral swabs were examined for herpes simplex virus type 1
(HSV-1), HSV type 2 (HSV-2), VZVand adenovirus DNA by
real-time polymerase chain reaction (PCR) using virus-
specific primer/probe combinations at the diagnostic laborato-
ry of the Department of Viroscience of Erasmus Medical
Center (Rotterdam, the Netherlands), as described elsewhere
[14]. The sensitivity of the virus-specific real-time PCR as-
says, as defined by the 95 % hit rate on the electron micros-
copy counted virus stocks, was about 100 virus genome-
equivalent copies/mL. A second swab (Transystem™) for
bacterial and fungal culture (Copan Diagnostics Inc.,
Murrieta, CA, USA) was obtained from the same eye.
Microbial examination, including Gram stain microscopy
and culture, was performed on swabs for bacteria and fungi
at the Lancet Laboratory according to standard diagnostic
procedures (Tzaneen, South Africa).

Statistical analysis

Data were double-entered into Epi Info version 3.5.4 [Centers
for Disease Control and Prevention (CDC), Atlanta, GA,
USA] and analysed using IBM SPSS Statistics version 22
(IBM, New York City, NY, USA). Descriptions of the study
population and clinical and laboratory findings were per-
formed using number with proportion and median with
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interquartile range (IQR) and stratified to HIV status.
Demographic, clinical and laboratory factors were compared
between different aetiologies of keratitis to identify factors
associated with infectious keratitis. Comparison was done by
Chi-squared tests with Fisher’s exact test if appropriate for
categorical variables and the Mann–Whitney test for continu-
ous variables. Data are presented as an odds ratio (OR) with
95 % confidence interval (CI) or as a median with IQR.

Results

Demographics and clinical presentation

We recruited 46 patients clinically diagnosed with infectious
keratitis, consisting of 29 (63 %) women and 17 (37 %) men,
with a median age of 41 (IQR 31–59) years (Table 1). Twenty-
eight (61 %) participants were HIV-infected, of which 6
(21 %) were tested reactive to HIV for the first time and 13
(46 %) were on antiretroviral therapy (ART). The median
CD4 count at enrolment was 226 (IQR 156–329) CD4 T-
cells/mm3 for those on ART and 299 (IQR 160–396) CD4
T-cells/mm3 for ART-naïve participants.

Reduced vision was the most common complaint reported
at enrolment (100 %), followed by eye pain (96 %), tearing
(72 %) and photophobia (65 %). The median duration of
symptoms was 19 (IQR 11–38) days. Twenty-six (57 %)

patients had been referred from a primary healthcare (PHC)
facility. Fourteen (30 %) patients reported the use of topical
antibiotic eye ointment (Chloramphenicol) prior to inclusion;
unfortunately, only three patients (21 %) used the ointment
adequately. At ophthalmic examination, an epithelial defect
was the most commonly observed clinical characteristic
(65 %), followed by signs of anterior chamber inflammation
(52 %). Corneal infiltration was the most common clinical
characteristic associated with an epithelial defect (33 %),
followed by corneal dendrites (27 %), punctate epithelial ker-
atitis (20 %) and corneal ulceration (20 %). In cases of
subepithelial inflammation, stromal keratitis was the most of-
ten observed clinical characteristic (56 %), followed by
subepithelial infiltration (31 %) and endothelial inflammation
(13 %). An intraocular pressure >21 mmHg was observed in 9
of 43 (21 %) patients.

Microbial laboratory analyses on corneal swabs

Viral DNA was detected from corneal swabs in 16 of 45
(36 %) patients; one viral corneal swab was unavailable for
viral diagnostics. Whereas HSV-2 and adenovirus DNA was
undetectable by PCR, 11 (24 %) and 5 (11 %) swabs were
positive for VZV [median PCR cycle threshold (Ct) value of
37.0 (IQR 32.2–38.9)] and HSV-1 [median PCR Ct value of
33.0 (IQR 26.6–36.7)] DNA, respectively (Table 2). Bacteria
were cultured from the corneal swabs of 29 (63 %) patients,

Table 1 Characteristics of infectious keratitis patients enrolled in this study

HIV infected (n= 28) HIV uninfected (n= 18) Crude odds ratio (95 % CI) p-Value

Gender

Female 22 (76) 7 (24) 5.8 (1.6–21.3) 0.01

Male 6 (35) 11 (65)

Age in years 38 (31–45) 52 (27–72) na 0.19

Ethnicity

Sotho 19 (66) 10 (34) 1.7 (0.5–5.7) 0.53

Shangaan 9 (53) 8 (47)

Low educational status 10 (36) 9 (50) 0.6 (0.2–1.9) 0.37

Low financial income 22 (79) 14 (78) 1.0 (0.3–4.4) 1.00

CD4 cell count in cells/mm3 254 (162–353) na na na

Days between onset of eye complaints and presentation 18 (11–49) 23 (9–38) na 0.93

Referred from primary healthcare facility 18 (64) 8 (44) 2.3 (0.7–7.5) 0.23

Use of topical antibiotics prior to enrolment 10 (36) 4 (22) 1.9 (0.5–7.5) 0.51

Diagnosis (clinical and laboratory data combined)

Viral keratitis (n= 15) 10 (67) 5 (33) 3.7 (1.1–13.3)a 0.06

Viral and bacterial keratitis (n = 14) 11 (79) 3 (21)

Bacterial keratitis (n= 17) 7 (41) 10 (59)

Data are shown as number (%) or median (interquartile range)

CI confidence interval; p-Value Pearson Chi-square or Mann–Whitney U test; na not applicable; HIV human immunodeficiency virus
a Crude odds ratio and p-values were calculated for viral keratitis (including viral and bacterial keratitis) vs. bacterial keratitis
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mainly Gram-positive bacteria (69 %) with Staphylococcus
epidermidis as the most common detected bacterium (36 %),
followed by S. aureus (14 %) and S. capitis (9 %). Based on
clinical history, disease characteristics, laboratory results and
response to initiated treatment (i.e. antibiotics or antiviral), 29
(63 %) patients were diagnosed as viral keratitis, including 14
(48 %) viral keratitis cases complicated by bacterial superin-
fection and 17 (37 %) as bacterial keratitis (Table 2).

Among patients diagnosed with viral keratitis, 15 (52 %)
corneal swabs were positive for viral DNA and 14 (48 %)

were negative. Positive viral swabs were predominantly ob-
tained from cases with epithelial inflammation (67 %), with
dendritic corneal lesions (70 %) as the most common epithe-
lial inflammation, followed by geographic ulcers (20 %).
Negative viral swabs were predominantly obtained from cases
with subepithelial inflammation (13 of 14, 93 %). Only in one
(7 %) case with an epithelial inflammation, presenting with a
dendritic lesion typical for HSV-1 epithelial keratitis, could no
viral DNA be detected. Notably, subepithelial inflammation
was significantly associated with higher median PCR Ct

Table 2 Aetiology of infectious keratitis defined by clinical and laboratory diagnostic methods

HSV-1 PCRPOS VZV PCRPOS Microbial culture positive

HIV-infected patients (n= 28)

Viral keratitis (n= 10)

Laboratory-confirmed diagnosis (n= 4) n= 2 n = 2 No bacterium cultured

Clinical diagnosis only (n= 6) None None No bacterium cultured

Viral and bacterial keratitis (n= 11)

Laboratory-confirmed diagnosis (n= 8) n= 1 n = 7 Staphylococcus epidermidis (n= 3)
Staphylococcus aureus (n= 2a)
Bacillus species (n = 1)
Stenotrophomonas maltophilia (n = 1)
Staphylococcus epidermidis and Escherichia coli (n= 1)

Clinical diagnosis only (n= 3) None None Staphylococcus capitis (n= 1)
Staphylococcus epidermidis (n= 1)
Enterobacter cloacae (n= 1)

Bacterial keratitis (n = 7)b

Laboratory-confirmed diagnosis (n= 7) None None Staphylococcus epidermidis (n= 2)
Pseudomonas aeruginosa (n= 2)
Staphylococcus capitis (n= 1)
Staphylococcus aureus and Streptococcus viridans (n= 1)
Corynebacterium, Enterococcus faecalis, Escherichia coli

and Candida albicans (n= 1)

Clinical diagnosis only (n= 0) None None No bacterium cultured

HIV-uninfected patients (n = 18)

Viral keratitis (n= 5)

Laboratory-confirmed diagnosis (n= 2) n= 2 None No bacterium cultured

Clinical diagnosis only (n= 3) None None No bacterium cultured

Viral and bacterial keratitis (n= 3)

Laboratory-confirmed diagnosis (n= 1) None n = 1 Staphylococcus aureus and Proteus mirabilis (n = 1)

Clinical diagnosis only (n= 2) None None Staphylococcus epidermidis (n= 1)
Staphylococcus capitis and Acinetobacter haemolyticus (n= 1)

Bacterial keratitis (n = 10)

Laboratory confirmed diagnosis (n= 8) None n = 1c Staphylococcus epidermidis (n= 4)
Staphylococcus aureus (n= 1)
Pseudomonas aeruginosa (n= 1)
Staphylococcus epidermidis and Proteus mirabilis (n = 1)
Streptococcus viridans and Haemophilus influenza (n= 1)

Clinical diagnosis only (n= 2) None None No growth in culture (n= 2)

HIV human immunodeficiency virus; HSV-1 herpes simplex virus type 1; VZV varicella zoster virus
a HSV-1 DNAwas detected in combination with Staphylococcus aureus
b One viral corneal swab was unavailable after transport
c Vascular leakage of VZV DNA from extensive corneal neovascularisation most likely resulted in the detection of VZV DNA
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values [median of 38.2 (IQR 37.4–39.1) for subepithelial in-
flammation vs. 32.6 (IQR 26.7–35.0) for epithelial inflamma-
tion, p=0.005]. Furthermore, viral DNA-negative swabs were
significantly associated with an increased duration of symp-
toms [median of 37 (IQR 23–92) days for cases with DNA-
negative swabs vs. 14 (IQR 6–18) days for cases with DNA-
positive swabs, p=0.003]. A reported history of herpes zoster
ophthalmicus (OR=46.9, 95 % CI 7.4–287.6; p<0.001) was
associated with a viral aetiology of keratitis and a trend be-
tween viral aetiology and HIV infection (OR=3.7, 95 % CI
1.1–13.3; p=0.06) was also observed. Among viral keratitis
cases, a bacterial superinfection was associated with lower
CD4 cell counts [median of 168 (IQR 92–322) cells/mm3

for viral keratitis with bacterial superinfection vs. 312 (IQR
212–490) cells/mm3 for viral keratitis, p<0.05].

Twenty-one (47 %) keratitis cases were complicated by
anterior uveitis, of which 18 (86 %) were viral keratitis.
Viral DNA was detected in the corneal swabs of 11 of 18
(61 %) keratouveitis patients: VZV (n = 10) and HSV-1
(n=1) (Table 3). Keratouveitis cases were significantly more
common among HIV-infected than HIV-uninfected individ-
uals (OR=16.9, 95% CI 3.2–89.7; p<0.001), among patients
with an intraocular pressure of >21 mmHg than ≤21 mmHg
(OR=5.0, 95 % CI 0.9–27.7; p=0.05) and among viral than
bacterial aetiology (OR=7.6, 95 % CI 1.8–32.7; p=0.005).
Also, a trend between lower CD4 cell counts and uveitis was
observed among those with HIV infection [median of 226
(IQR 137–332) cells/mm3 for keratouveitis vs. 343 (IQR
194–427) cells/mm3 for keratitis, p=0.09].

Clinical outcome of disease

Follow-up after treatment initiation was poor. Thirty-four of
46 (74 %) patients had one or more follow-up visits and the
median follow-up time was 7 (IQR 7–28) days. The affected
eye was visually impaired at the last follow-up visit after treat-
ment initiation in 17 of 34 (50 %) patients, of which 8 (47 %)
were blind. Severe visual impairment and blindness was sig-
nificantly associated with increased duration of symptoms
[median of 36 (IQR 20–112) days for severe visual impair-
ment and blindness vs. 14 (IQR 6–37) days for no severe
visual impairment and blindness, p=0.02]. Adjusting for du-
ration of symptoms, no demographic or clinical characteristics
were associated with severe visual impairment and blindness
(data not shown). Notably, a bacterial superinfection in viral
keratitis patients was not associated with poorer outcome after
treatment.

Discussion

This study reports on the clinical and corneal microbial profile
of infectious keratitis in patients presenting to the ophthalmol-
ogy outpatient department of three hospitals in a high HIV
prevalence setting in rural South Africa. The data implicate
that corneal herpesvirus infections, in part complicated by
bacterial superinfection and/or uveitis, are relatively more fre-
quently associated with infectious keratitis in HIV-infected
individuals with pronounced visual morbidity. A significant

Table 3 Factors associated with the development of uveitis in infectious keratitis patients

Uveitis present (n= 21) Uveitis absent (n= 25) Crude odds ratio (95 % CI) p-Value

Gender

Female 16 (55) 13 (45) 3.0 (0.8–10.6) 0.13

Male 5 (30) 12 (70)

Age in years 38 (32–49) 41 (30–62) na 0.68

Low educational status 10 (53) 9 (47) 1.6 (0.5–5.3) 0.55

Low financial income 18 (86) 18 (72) 2.3 (0.5–10.5) 0.26

HIV infected 19 (91) 9 (36) 16.9 (3.2–89.7) <0.001

CD4 cell count in cells/mm3 226 (137–332) 343 (194–427) na 0.09

Days between onset of eye complaints and 18 (11–45) 24 (9–39) na 0.97

Intraocular pressure of >21 mmHg presentation 7 (33) 2 (9)a 5.0 (0.9–27.7) 0.05

Diagnosis (clinical and laboratory data combined)

Viral keratitis (n= 15) 7 (47) 8 (53) 7.6 (1.8–32.7)b 0.005

Viral and bacterial keratitis (n = 14) 11 (79) 3 (24)

Bacterial keratitis (n= 17) 3 (18) 14 (82)

Data are shown as number (%) or median (interquartile range)

CI confidence interval; p-Value Pearson Chi-square or Mann–Whitney U test; na not applicable; HIV human immunodeficiency virus
a Three keratitis patients without uveitis had no recorded intraocular pressure
b Crude odds ratio and p-value were calculated for viral keratitis (including viral and bacterial keratitis) vs. bacterial keratitis
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association between HIV infection and keratouveitis was not-
ed, suggesting its potential use as a clinical marker to prompt
investigation of the patient’s HIV status.

The observed high frequency of viral aetiology of infectious
keratitis in our study has not been described before in sub-
Saharan Africa and is higher than observations in similar stud-
ies from Australia and China [2, 15]. The major role of herpes-
viruses might be due to the high HIV prevalence, because a
trend was observed between HIV infection and viral keratitis.
Our data are in line with observations reporting increased sus-
ceptibility of HIV-infected individuals to viral keratitis [7]. We
identified VZV as the most prevalent viral cause of infectious
keratitis in our study population. This contrasts previous studies
from sub-Saharan Africa and high-resource countries that re-
port a predominant role of HSV-1 causing viral keratitis [5, 6,
16]. The important role of VZVin our studymight be due to the
high HIV prevalence, as HIV-infected individuals are at higher
risk for VZV keratitis than for HSV-1 keratitis [7, 17].
Unfortunately, previous studies from sub-Saharan Africa did
not report on the patients’ HIV status [5, 6]. Reasons for the
observed minor role of HSV-1 in our study remain unclear, as
seroprevalence of HSV-1 among HIV-infected ART-naïve in-
dividuals in our setting is very high (98 %) [18]. Adenovirus
was not detected in our study, which contrasts earlier studies
performed in high-resource settings where adenovirus is iden-
tified as an important causative pathogen of keratoconjunctivi-
tis [19]. Studies from sub-Saharan Africa are not available, but
our results may suggest that geographical factors play a role in
the different pathogen distribution observed.

The distribution of bacterial pathogens, largely Gram-
positive bacteria, confirms observations in other studies from
sub-Saharan Africa [8, 20]. Bacteria were detected in almost
half of the viral keratitis cases and bacterial superinfection was
associated with lower CD4 cell count. Although limited data
are available on the clinical consequences of bacterial super-
infections in viral keratitis, bacterial superinfections may
worsen the visual outcome of HSV keratitis if appropriate
treatment is delayed [21]. In our study, however, poorer visual
outcome after treatment was not associated with bacterial su-
perinfection. A fungus (Candida albicans) was detected in
only one patient diagnosed with bacterial keratitis. This is in
sharp contrast to similar studies fromGhana and Tanzania that
reported fungi as the causative pathogen in up to 50 % of
keratitis cases [22, 23]. This may be due to the exclusion of
traumatic keratitis, as trauma is one of the most important risk
factors for fungal keratitis, or due to the geographical differ-
ences, as fungal keratitis is more likely to occur toward trop-
ical latitudes [2, 3].

PCR analyses of corneal swabs supported the clinical obser-
vation of viral keratitis in cases with epithelial inflammation. In
cases with subepithelial inflammation, however, the detection of
viral DNA was often negative and, if positive, just above the
detection limit of the qPCR. This is in line with a study that

observed a lower percentage of keratitis cases with positive
HSV-1 DNA in patients with subepithelial inflammation com-
pared to patients with epithelial inflammation [24]. Furthermore,
increased disease duration was associated with a negative viral
swab in cases with a clinical viral keratitis diagnosis.

Anterior uveitis was an important complication of infec-
tious keratitis in our study, in particular in cases of viral
aetiology and among HIV-infected individuals. This poses a
challenge, as the management of keratouveitis requires
specialised treatment. The association between HIV infection
and the development of anterior uveitis, combined with the
observed trend between immunodeficiency and anterior uve-
itis, suggest that cell-mediated immunity plays an important
role in controlling corneal infection [25, 26]. Also, the pres-
ence of anterior uveitis might be used as a pointer of HIV
infection that indicates the need for HIV counselling and test-
ing in patients presenting with this condition.

The visual outcome at the last follow-up visit after treat-
ment of infectious keratitis observed in our study was poor
and associated with increased duration of symptoms, which
confirms observations from a study from Tanzania addressing
visual outcome in infectious keratitis [8]. Unfortunately, we
did not collect data to determine the reasons for this delay, but
both patient- and healthcare system-associated factors may
have played a role. A potential contributing factor to the poor
visual outcome observed is initial mismanagement at the PHC
level, as none of the referred patients from PHC facilities
received topical antiviral and/or adequate antibiotic treatment.

A limitation to this study is the small sample size, which
might have resulted in an overestimation of the relationships
found. Follow-up studies on a larger number of keratitis patients
from rural settings with high HIV prevalence are warranted to
validate the trends found in this study. Also, we included pa-
tients at the outpatient department of hospitals and not at PHC
facilities, which may have resulted in some degree of bias to-
wards viral keratitis, as potential bacterial keratitis cases were
more likely to be treated successfully at the PHC level. In addi-
tion, as we excluded patients with traumatic keratitis and contact
lens wearers, it is likely that there is some degree of bias towards
viral keratitis, as these are important predisposing factors for
microbial keratitis [2]. However, we expect the degree of this
bias to be limited, as we excluded only two keratitis cases due to
trauma and none for the use of contact lenses.

In conclusion, the results of this study implicate that her-
petic keratitis, in part complicated by bacterial superinfection
and/or uveitis, is relatively more common among HIV-
infected individuals presenting with infectious keratitis in ru-
ral South Africa. This warrants an increase of the awareness
among healthcare workers in these settings for early clinical
signs of herpetic keratitis and prompt initiation of antiviral
treatment in these cases to prevent blindness. Moreover, the
significant association between HIV infection and
keratouveitis warrants examination of the patient’s HIV status.

Eur J Clin Microbiol Infect Dis



Acknowledgement We thank all the patients who participated in this
study. Our further gratitude goes to the staff of Anova Health Institute and
the staff of the ophthalmology outpatient department of the three hospitals
in the Mopani District that participated in this study for their invaluable
contribution, efforts and support. We also thank Lancet Laboratories in
Tzaneen (South Africa) for providing the workspace to perform serum
separation and for providing storage capacity of the serum samples.

Compliance with ethical standards

Funding This study was, in part, funded by the Rotterdamse Stichting
Blindenbelangen and the Rotterdam Global Health Initiative. Anova
Health Institute receives a grant from the US President’s Emergency
Plan for AIDS Relief (PEPFAR) program via the US Agency for
International Development under Cooperative Agreement (grant number
AID-674-A-12-00015). The views expressed in this report do not neces-
sarily reflect those of the PEPFAR or the USAID. The funders had no role
in the study design, data collection and analysis, decision to publish or
preparation of the manuscript.

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical stan-
dards. Ethical clearance for this study was obtained from the Human
Research Ethics Committee (University of the Witwatersrand,
Johannesburg, South Africa; M130201).

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Upadhyay MP, Srinivasan M, Whitcher JP (2007) Microbial kera-
titis in the developing world: does prevention work? Int
Ophthalmol Clin 47:17–25. doi:10.1097/IIO.0b013e318074e0b3

2. Keay L, Edwards K, Naduvilath T et al (2006) Microbial keratitis
predisposing factors and morbidity. Ophthalmology 113:109–116

3. Thomas PA, Geraldine P (2007) Infectious keratitis. Curr Opin
Infect Dis 20:129–141. doi:10.1097/QCO.0b013e328017f878

4. Newman H, Gooding C (2013) Viral ocular manifestations: a broad
overview. Rev Med Virol 23:281–294. doi:10.1002/rmv.1749

5. Yorston D, Foster A (1992) Herpetic keratitis in Tanzania: associa-
tion with malaria. Br J Ophthalmol 76:582–585. doi:10.1136/bjo.
76.10.582

6. Ashaye A, Aimola A (2008) Keratitis in children as seen in a ter-
tiary hospital in Africa. J Natl Med Assoc 100:386–390

7. Hodge WG, Seiff SR, Margolis TP (1998) Ocular opportunistic
infection incidences among patients who are HIV positive com-
pared to patients who are HIV negative. Ophthalmology 105:
895–900

8. Burton MJ, Pithuwa J, Okello E et al (2011) Microbial keratitis in
East Africa: why are the outcomes so poor? Ophthalmic Epidemiol
18:158–163. doi:10.3109/09286586.2011.595041

9. Schwartz GS, Harrison AR, Holland EJ (1998) Etiology of immune
stromal (interstitial) keratitis. Cornea 17:278–281. doi:10.1097/
00003226-199805000-00007

10. Green LK, Pavan-Langston D (2006) Herpes simplex ocular in-
flammatory disease. Int Ophthalmol Clin 46:27–37. doi:10.1097/
00004397-200604620-00005

11. Kaufman SC (2008) Anterior segment complications of herpes zos-
ter ophthalmicus. Ophthalmology 115:S24–S32. doi:10.1016/j.
ophtha.2007.10.010

12. The National Department of Health (2014) Standard treatment
guidelines and essential medicines list for South Africa, 5th edition.
The National Department of Health, Pretoria, South Africa.
Available online at: http://www.up.ac.za/media/shared/62/ZP_
Files/standard-treatment-guidelines.zp66671.pdf

13. World Health Organization (WHO) (2015) The ICD-10 classifica-
tion of mental and behavioural disorders: clinical descriptions and
diagnostic guidelines. WHO, Geneva

14. van Nierop GP, Hintzen RQ, Verjans GM (2014) Prevalence of
human Herpesviridae in cerebrospinal fluid of patients with multi-
ple sclerosis and noninfectious neurological disease in the
Netherlands. J Neurovirol 20:412–418. doi:10.1007/s13365-014-
0248-4

15. Cao J, Yang Y, Yang W et al (2014) Prevalence of infectious kera-
titis in Central China. BMC Ophthalmol 14:43. doi:10.1186/1471-
2415-14-43

16. Liesegang TJ (2001) Herpes simplex virus epidemiology and ocular
importance. Cornea 20:1–13. doi:10.1097/00003226-200101000-
00001

17. Hodge WG, Margolis TP (1997) Herpes simplex virus keratitis
among patients who are positive or negative for human immuno-
deficiency virus: an epidemiologic study. Ophthalmology 104:120–
124. doi:10.1016/S0161-6420(97)30351-0

18. Schaftenaar E, Verjans GMGM, Getu S et al (2014) High seroprev-
alence of human herpesviruses in HIV-infected individuals attend-
ing primary healthcare facilities in rural South Africa. PLoS One 9:
e99243. doi:10.1371/journal.pone.0099243

19. Ghebremedhin B (2014) Human adenovirus: Viral pathogen with
increasing importance. Eur J Microbiol Immunol (Bp) 4:26–33.
doi:10.1556/EuJMI.4.2014.1.2

20. Ubani UA (2009) Bacteriology of external ocular infections in Aba,
South Eastern Nigeria. Clin Exp Optom 92:482–489. doi:10.1111/j.
1444-0938.2009.00425

21. Boisjoly HM, Pavan-Langston D, Kenyon KR et al (1983)
Superinfections in herpes simplex keratitis. Am J Ophthalmol 96:
354–361. doi:10.1016/S0002-9394(14)77827-4

22. HaganM,Wright E, NewmanM et al (1995) Causes of suppurative
keratitis in Ghana. Br J Ophthalmol 79:1024–1028. doi:10.1136/
bjo.79.11.1024

23. Poole TR, Hunter DL, Maliwa EM et al (2002) Aetiology of mi-
crobial keratitis in northern Tanzania. Br J Ophthalmol 86:941–942.
doi:10.1136/bjo.86.8.941

24. Kakimaru-Hasegawa A, Kuo CH, Komatsu N et al (2008) Clinical
application of real-time polymerase chain reaction for diagnosis of
herpetic diseases of the anterior segment of the eye. Jpn J
Ophthalmol 52:24–31. doi:10.1007/s10384-007-0485-7

25. Levin MJ, Smith JG, Kaufhold RM et al (2003) Decline in
varicella-zoster virus (VZV)-specific cell-mediated immunity with
increasing age and boosting with a high-dose VZV vaccine. J Infect
Dis 188:1336–1344. doi:10.1086/379048

26. Kezuka T, Sakai J, Minoda H et al (2002) A relationship between
varicella-zoster virus-specific delayed hypersensitivity and
varicella-zoster virus-induced anterior uveitis. Arch Ophthalmol
120:1183–1188. doi:10.1001/archopht.120.9.1183

Eur J Clin Microbiol Infect Dis

http://dx.doi.org/10.1097/IIO.0b013e318074e0b3
http://dx.doi.org/10.1097/QCO.0b013e328017f878
http://dx.doi.org/10.1002/rmv.1749
http://dx.doi.org/10.1136/bjo.76.10.582
http://dx.doi.org/10.1136/bjo.76.10.582
http://dx.doi.org/10.3109/09286586.2011.595041
http://dx.doi.org/10.1097/00003226-199805000-00007
http://dx.doi.org/10.1097/00003226-199805000-00007
http://dx.doi.org/10.1097/00004397-200604620-00005
http://dx.doi.org/10.1097/00004397-200604620-00005
http://dx.doi.org/10.1016/j.ophtha.2007.10.010
http://dx.doi.org/10.1016/j.ophtha.2007.10.010
http://www.up.ac.za/media/shared/62/ZP_Files/standard-treatment-guidelines.zp66671.pdf
http://www.up.ac.za/media/shared/62/ZP_Files/standard-treatment-guidelines.zp66671.pdf
http://dx.doi.org/10.1007/s13365-014-0248-4
http://dx.doi.org/10.1007/s13365-014-0248-4
http://dx.doi.org/10.1186/1471-2415-14-43
http://dx.doi.org/10.1186/1471-2415-14-43
http://dx.doi.org/10.1097/00003226-200101000-00001
http://dx.doi.org/10.1097/00003226-200101000-00001
http://dx.doi.org/10.1016/S0161-6420(97)30351-0
http://dx.doi.org/10.1371/journal.pone.0099243
http://dx.doi.org/10.1556/EuJMI.4.2014.1.2
http://dx.doi.org/10.1111/j.1444-0938.2009.00425
http://dx.doi.org/10.1111/j.1444-0938.2009.00425
http://dx.doi.org/10.1016/S0002-9394(14)77827-4
http://dx.doi.org/10.1136/bjo.79.11.1024
http://dx.doi.org/10.1136/bjo.79.11.1024
http://dx.doi.org/10.1136/bjo.86.8.941
http://dx.doi.org/10.1007/s10384-007-0485-7
http://dx.doi.org/10.1086/379048
http://dx.doi.org/10.1001/archopht.120.9.1183

	Clinical and corneal microbial profile of infectious keratitis in a high HIV prevalence setting in rural South Africa
	Abstract
	Introduction
	Materials and methods
	Study population and setting
	Ophthalmic examination
	Laboratory analyses
	Statistical analysis

	Results
	Demographics and clinical presentation
	Microbial laboratory analyses on corneal swabs
	Clinical outcome of disease

	Discussion
	References


