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Purpose. Congenital rubella syndrome (CRS) is a global cause of preventable hearing impairment, blindness, and intellectual
impairment. �e present study sought to identify ocular and auditory manifestations of CRS in school-aged children in Mbingo,
Cameroon. Design. Cross sectional study. Subjects. Students at two schools, one for children with hearing impairment, were
screened for cataract, congenital glaucoma, and pigmentary retinopathy.Methods. Students underwent seven-	eld digital fundus
photography through a dilated pupil using a Topcon NW200 nonmydriatic camera. Images were assessed by retina specialists in
Canada via teleophthalmology. Clinical evidence was integrated to form case de	nitions for CRS based on Center for Disease
Control and Prevention guidelines. Serological evidence of rubella infection was obtained using standardized IgG antibody titers.
Main Outcome Measure. Number of probable and suspicious cases of CRS. Results. Between September 2009 and May 2010, 320
students participated.�ere were 28 (10.2%) probable cases, 104 (37.8%) suspects, and 143 (52.0%) una
ected. Rubella IgG serology
was positive in 79 (48.7%) of children with hearing impairment and 11 (7.4%) of children with normal hearing. Conclusions. �e
present study identi	ed 28 probable cases of CRS. Furthermore, 92.6% of students with normal hearing did not possess rubella IgG
antibodies making future cases of CRS likely without intervention.

1. Introduction

Congenital rubella syndrome (CRS) is amajor global cause of
preventable hearing impairment, blindness, and intellectual
impairment [1].Worldwide, it is estimated that approximately
100,000 infants are born with CRS each year; in countries
with e
ective vaccination programs, new cases are uncom-
mon [2]. As of 2012, 132 of 194 World Health Organiza-
tion member countries, including three African countries,
had incorporated the rubella vaccine into their national
childhood immunization program, which represented a 33%
increase from 99 member states in 2000 [2–4]. In 2013,
Rwanda became the 	rst country in sub-Saharan Africa
to o
er the rubella vaccination as part of their national
immunization strategy, with plans for Ghana and Senegal
to follow [5]. A single epidemiological study has estimated

the seroprevalence of rubella antibodies in pregnant women
in Yaounde, Cameroon, to be 83.9%, suggesting that signif-
icant in utero vulnerability exists in women who have never
been exposed to the virus [6].

Maternal rubella infection in pregnancy may lead to a
spectrum of fetal outcomes: an infant may be born nor-
mally, with congenital abnormalities, or spontaneously abort.
Congenital rubella syndrome (CRS) denotes the presence of
any combination of classic features which may accompany
rubella infection early in gestation. As many as 50% of
infants with CRSmay appear normal at birth but will develop
features of CRS a�erwards [7]. �e constellation of clinical
features ofCRS consists of sensorineural hearing impairment,
intellectual impairment, cardiac defects, and ocular 	ndings
[8]. Deafness is the most common abnormality seen in CRS,
and the proportion of children who have hearing loss may be
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Figure 1: Salt and pepper retinopathy at the posterior pole in congenital rubella syndrome.

Table 1: Gestational age at time of con	rmed rubella in pregnancy
and clinical manifestations of congenital rubella syndrome [8].

Clinical manifestation Gestational age (weeks)

Cataract 3–12

Congenital rubella retinopathy 2–18

Cardiac defects 3–13

Neurological defects 3–16

Deafness 2–18

Multiple defects 3–12

No defect 7–>20
Clinical manifestations of congenital rubella syndrome occur at speci	c
points during gestation.

as high as 70% [9]. Of the ocular defects, a “salt and pepper”
retinopathy is most commonly observed and is seen in 40–
60% of cases but does not typically have visual consequences
unless neovascularization develops [9]. �e retinopathy is
varied in appearance and distribution and is most commonly
located in the posterior pole (see Figure 1).

Nuclear cataracts occur in about one-third of all cases and
are bilateral in 50% [7, 8]. Other diverse but less common
abnormalities have been reported [10–12]. Maternal rubella
infection at di
erent points in the pregnancy will lead to
di
erent rates of fetal infection and combinations of classic
CRS features (see Table 1) [7].

�e primary purpose of this study was to identify cases of
CRS with ocular or auditory involvement in children attend-
ing two schools, one for students with normal hearing and
the other for students with hearing impairment in Mbingo,
Cameroon, using teleophthalmology. Secondary outcomes
included identifying the seroprevalence of rubella IgG anti-
bodies and the presence of salt and pepper retinopathy.

2. Methods

Students at two schools inMbingo, Cameroon, were screened
for clinical evidence of congenital rubella syndrome.�e two
schools were chosen due to their proximity to the town of
Mbingo. One of the schools was for children with normal
hearing and the second school was for children with hearing
impairment. A teleophthalmology partnership between the
University of Alberta and the Mbingo Hospital enabled

transmission of fundus photographs to retina specialists in
Edmonton, Alberta, for con	rmation of the diagnosis of
rubella retinopathy. Research ethics approval was granted
through both the Cameroon Baptist Convention Institutional
Review Board and the University of Alberta Research Ethics
Board. �is research adhered to the tenets of the Declaration
of Helsinki.

Patients underwent seven-	eld digital photography of
the retina through a dilated pupil using a Topcon NW200
nonmydriatic retinal camera. Images of the anterior segment,
optic disc, and macula were captured. Original Joint Photo-
graphic Experts Group (JPEG) images were saved (1800 ×
1200, 2.2 million pixels) and stored onto an attached laptop
computer. �e images were then further JPEG compressed
22 : 1 to facilitate transmission via a satellite connection
with limited bandwidth. Digital images were then linked to
Extendable Markup Language (XML) metadata as a single
encrypted 	le and transmitted via the internet to a secure,
web-based server (https://teleophthalmology.com/; Secure
Diagnostic Imaging Ltd., Edmonton, Alberta, Canada) for
review by Canadian-based ophthalmologists at the Royal
Alexandra Hospital Teleophthalmology Reading Centre.
Images were viewed on a dual-monitor system through liquid
crystal display shutter goggles (Stereographics CrystalEyes
Wired, Stereographics, San Rafael, CA) using proprietary
3D viewing so�ware (SDI Stereoviewer, Secure Diagnostic
Imaging, Edmonton, Alberta, Canada) and an accompanying
online ETDRS grading template.

Serological evidence of rubella infection was obtained
using standardized rubella IgG antibody titers analyzed at a
local medical laboratory in Mbingo, Cameroon. Rubella IgG
antibodies were detected using the human rubella IgG ELISA
Test Kit (Diagnostic Automation, http://www.rapidtest.com/)
which o
ers excellent sensitivity (100%) and speci	city
(100%) according to the manufacturer. �e positive cuto

was >15 IU/mL and antibody titers less than this were con-
sidered negative. IgM levels were not measured as the sample
population would no longer demonstrate positive IgM levels
from CRS due to age. Some participants were unavailable
for retinal photographs or blood testing and therefore not all
participants had complete testing records.

2.1. Case De	nitions. Clinical evidence was integrated to
form two case de	nitions forCRSbased onCenter forDisease
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Control (CDC) and Prevention guidelines, 2012 [13–15].
Systemic sequelae of CRS used in the CDC guidelines were
not assessed including congenital heart disease, purpura,
hepatosplenomegaly, jaundice, microcephaly, or develop-
mental delay. �us, clinical criteria for case de	nitions were
restricted to the detection of cataract, congenital glaucoma,
pigmentary retinopathy, and hearing impairment.

For the purposes of this study a CRS suspect was de	ned
as an individual with one of cataract, congenital glaucoma,
pigmentary retinopathy, or hearing impairment. A probable
case of CRS was de	ned as an individual with two or more
of cataract, congenital glaucoma, pigmentary retinopathy, or
hearing impairment. Una
ected children demonstrated none
of the above 	ndings. Because serological testing could not
be performed according to the Center for Disease Control
guidelines, no cases of CRS could be con	rmed.

3. Results

Between September 2009 andMay 2010, all 320 students from
two schools inMbingo, Cameroon, participated in this study.
�e average age of students from both schools was 11.8 ± 2.8
years and 58.2% of students were male. Fundus photographs
were available for 275 (85.9%) participants and rubella IgG
serology was available for 310 (96.9%) patients. Complete
records including fundus photographs and serology were
available for 268 (83.8%) participants.

3.1. Rubella Serology Status. Serological investigations for
rubella were carried out at a local laboratory in Mbingo. Of
the 310 subjects with complete serology, there were 162 stu-
dents with hearing impairment, with a mean age of 13.0 ± 3.0
years, and 148 students with normal hearing, with amean age
of 10.5± 1.8 years.�e studentswith hearing impairmentwere
signi	cantly older than those without hearing impairment in
the study population (� < 0.0001). Ninety students (29.0%)
were positive for rubella IgG antibodies and 220 (71.0%) were
negative. Hearing impaired children were seven times more
likely to have positive serology (48.8%) than children with
normal hearing (7.4%;� < 0.0001). Conversely, children with
normal hearing were almost two times more likely to have
negative serology (92.6%) than hearing impaired children
(51.2%; � < 0.0001) (see Figure 2).

3.2. Ocular Manifestations of Rubella. Fundus photographs
were obtained for 549 eyes of 275 (85.9%) students. 58 (10.5%)
eyes of 29 patients showed clear evidence of rubella retinopa-
thy. Twenty-six of the 29 (89.7%) patients with rubella
retinopathy had bilateral retinal disease. Twelve (2.2%) eyes
were suspicious for rubella retinopathy and were given the
designation of “peripheral stippling,” while 473 eyes (86.0%)
had no evidence of rubella retinopathy.

Students with rubella retinopathy were much more likely
to be hearing impaired; of the 29 students with rubella
retinopathy, 28 (96.6%) had impaired hearing (� < 0.0001).
Serologic testing suggested that positive rubella titers were
associated with the presence of rubella retinopathy, with
55.1% of a
ected children testing positive (� = 0.001).
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Figure 2: Rates of rubella IgG seropositivity among children with
and without hearing impairment in Northwest Cameroon. Children
with hearing impairment were signi	cantly more likely to have
positive serology (� < 0.0001), and children with normal hearing
were signi	cantly more likely to have negative serology (� <
0.0001).

Ten eyes (1.8%) showed evidence of other ocular pathol-
ogy such as ocular albinism (4), toxoplasmosis (1), macular
scar (1), corneal scar (1), and retinal pigment atrophy. (1). One
patient had undergone previous surgery for cataracts (this
patient also had hearing impairment and rubella retinopa-
thy), while no cases of congenital glaucoma were identi	ed.

3.3. Congenital Rubella Syndrome Status. CRS status was
categorized based onmodi	ed Center for Disease Prevention
and Control de	nitions (see Section 2.1, Methods) and was
available for 275 participants. �e majority of subjects (� =
143; 52.0%) were una
ected.�ere were 104 (37.8%) suspects
and 28 (10.2%) probable cases of CRS (see Figure 3). Of the
probable CRS cases, 57.1% (16) demonstrated positive rubella
IgG, while 35.7% (10) were seronegative and 7.1% (2) did not
have serology results.

4. Discussion

Congenital rubella syndrome is a major contributor to
the global burden of preventable blindness and deafness.
Cameroon currently o
ers immunization programs for both
measles and mumps but does not cover rubella. �e present
study identi	ed twenty-eight probable cases of CRS with
clinical evidence in Northwest Cameroon.

�e present study used revised CDC guidelines to
determine the CRS status of patients. Hearing status was
ascertained on history without being explicitly tested, and
other probable etiologies of hearing impairment were not
investigated. Moreover, serological criteria described in
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Figure 3: Numbers of cases of congenital rubella syndrome status
based on revised Center for Disease Control guidelines.

the CDC guidelines require the demonstration of rubella
virus, rubella-speci	c IgM antibody, or infant rubella anti-
body levels that persist at a higher level and for a longer
period of time than expected from passive maternal transfer
of maternal antibodies in a population of infants. �e cases
described were older than could be tested for con	rmatory
serology; as a result, CRS probability was ascertained on
clinical grounds.

�is study found a signi	cant relationship between
rubella IgG seropositivity and hearing impairment in unvac-
cinated children.�is relationship is confounded by the e
ect
of age, as students with hearing impairmentwere signi	cantly
older than those without hearing impairment (� < 0.0001). If
students with hearing impairment represented cases of CRS,
then older age would be expected to underestimate the preva-
lence of IgG as diminution of antibodies is known to occur
[16]. Conversely, prevalence of rubella IgG seropositivity has
been shown to increase with age in unvaccinated populations
from postnatal infection [17–19]. Without further testing,
we cannot exclude the possibility that cases of children
with hearing impairment and seropositivity for rubella IgG
may have another etiology for hearing impairment, such
as congenital CMV infection, and then acquired rubella
postnatally. �e substantially higher rate of seropositivity in
the groupwith hearing impairment (48.8% versus 7.4%) is not
fully explained by an age di
erence of 2.5 years between the
groups.More likely is the possibility thatmany of the students
with hearing impairment and positive serology represent
unproven cases of CRS.

Despite the confounding e
ect of age, our results corrob-
orate the 	ndings of prior studies elsewhere. In a school for
the deaf in Madras, India, rubella was the largest preventable
cause of deafness, occurring in 29% of 374 cases [20].
In unvaccinated Bangladeshi children, a strong association
between rubella antibody, clinical signs of intrauterine infec-
tion, and hearing impairment was reported [21]. Moreover,
rubella antibody was detected in 74% of hearing-impaired
children versus only 18% of those with normal hearing [21].

Taken together, these studies suggest that rubella is a signi	-
cant contributor to the global burden of deafness and hearing
impairment in unvaccinated populations.

Rubella retinopathy has a characteristic appearance but
may mimic other “salt and pepper” retinopathies such as
congenital syphilis, as well as other toxic or inherited diseases
of the retinal pigment epithelium and the carrier state of X-
linked ocular albinism (see Figure 1) [16, 22]. In the present
study, rubella retinopathywas con	rmed by a retina specialist
to minimize errors in the clinical diagnosis. A similar study
from Colombia examined 1383 institutionalized deaf people
and identi	ed salt and pepper retinopathy in 33.5% which
was used to con	rm prenatal rubella infection; these studies
emphasize the role that ophthalmic 	ndings can be used
successfully in CRS screening programs [9].

�e present study identi	ed 29 cases of rubella retinopa-
thy, of which 28 (96.6%) were in the hearing impaired
population and 26 (89.7%) cases were bilateral. Our study is
consistent with estimates in the literature reporting bilateral
retinopathy in 80% of patients with CRS [16]. Only 55.1%
of cases of rubella retinopathy demonstrated seropositivity
for rubella IgG; however, other studies have observed a
diminution of rubella IgG antibodies in children older than
four years with documented rubella infection in utero [16].

Cataracts were expected to be observed in approximately
one-third of CRS cases as reported in the literature [8, 23];
however, our study detected only one individual who had
undergone previous cataract surgery, no individuals with
signi	cant cataracts, and no cases of congenital glaucoma.
We believe that the low prevalence of cataract and congenital
glaucoma found in this study could re�ect an inherent sample
bias in the study population. Unfortunately, due to limited
teaching resources available in Cameroon, services for chil-
dren su
ering from both blindness and hearing impairment
are not currently available at the schools that were studied.

WHO recommendations encourage all countries not
routinely immunizing against rubella to quantify the burden
of disease due to congenital rubella syndrome [24]. Interdis-
ciplinary screening of infants for CRS should be widespread
to enable early detection and treatment of complications.
Women should be o
ered surveillance testing to identify
those susceptible to rubella infection during gestation. Lab-
oratories o
ering rubella serology, an essential component
of reliable rubella surveillance, are unavailable throughout
much of sub-Saharan Africa [25].

�e present study provides clinical evidence of CRS in
students in Northwest Cameroon using teleophthalmology.
Moreover, a large population vulnerable to acquiring rubella
infection later in life was identi	ed: 92.6% of students with
normal hearing were negative for rubella IgG. Other studies
have estimated the rate of rubella serosusceptibility among
women of reproductive age in West Africa to be 10% to 30%
[26]. �ese results suggest that infection during gestation
is possible in these vulnerable individuals, making future
cases of CRS inevitable without intervention. We would
strongly encourage theGovernment ofCameroon to consider
augmenting its current mumps and measles vaccination
programs with coverage for rubella. Such a program could
reduce the rates of congenital and acquired rubella infection
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and lessen the burden of blindness, hearing impairment, and
systemic morbidity.
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importance of fundus eye testing in rubella-induced deafness,”
International Journal of Pediatric Otorhinolaryngology, vol. 77,
no. 9, pp. 1536–1540, 2013.

[10] M. A. Menser and R. D. K. Reye, “�e pathology of congenital
rubella: a review written by request,” Pathology, vol. 6, no. 3, pp.
215–222, 1974.

[11] L. Z. Cooper, R. H. Green, S. Krugman, J. P. Giles, and G.
S. Mirick, “Neonatal thrombocytopenic purpura and other
manifestations of rubella contracted in utero,”American Journal
of Diseases of Children, vol. 110, no. 4, pp. 416–427, 1965.

[12] K. T. Givens, D. A. Lee, T. Jones, and D. M. Ilstrup, “Congenital
rubella syndrome: ophthalmic manifestations and associated
systemic disorders,” British Journal of Ophthalmology, vol. 77,
no. 6, pp. 358–363, 1993.

[13] WHO, “Congenital Rubella Syndrome,” WHO-Recommended
Standards for Surveillance of Selected Vaccine-Preventable

Diseases, World Health Organization, Geneva, Switzerland,
2008, http://www.who.int/immunization/monitoring surveil-
lance/burden/VPDs/en/.

[14] H. McLean, S. Redd, E. Abernathy, J. Icenogle, and G. Wallace,
“Congenital rubella syndrome,” in Manual for the Surveillance
of Vaccine-Preventable Diseases, Center for Disease Control and
Prevention, Atlanta, Ga, USA, 2012, http://www.cdc.gov/vacci-
nes/pubs/surv-manual/index.html.

[15] “Case de	nitions for infectious conditions under public health
surveillance. Centers for disease control and prevention,”
MMWR-Recommendations and Reports, vol. 46, no. RR-10, pp.
1–55, 1997.

[16] K.W.Wright, P.H. Spiegel, and L. S.�ompson, Eds.,Handbook
of Pediatric Retinal Disease, Springer Science+Business Media,
Los Angeles, Calif, USA, 2006.

[17] S. Aksit, A. Egemen, T. Ozacar et al., “Rubella seroprevalence
in an unvaccinated population in Izmir: recommendations
for rubella vaccination in Turkey,” Pediatric Infectious Disease
Journal, vol. 18, no. 7, pp. 577–580, 1999.

[18] D. N. Bukbuk, A. U. El Nafaty, and J. Y. Obed, “Prevalence
of rubella-speci	c IgG antiBody in non-immunized pregnant
women inMaiduguri, North EasternNigeria,”Central European
Journal of Public Health, vol. 10, no. 1-2, pp. 21–23, 2002.

[19] E. I. Bigwan, E. D. Zanyu, B. P. Badung, and M. Danung,
“Seroepidemiology of rubella IgG among unvaccinated preg-
nant women attending antenatal clinics from two rural commu-
nities in Plateau State, Nigeria,” European Journal of Preventive
Medicine, vol. 1, no. 3, pp. 58–62, 2013.

[20] R. F.Gray, “Causes of deafness in schools for the deaf inMadras,”
International Journal of Pediatric Otorhinolaryngology, vol. 18,
no. 2, pp. 97–106, 1989.

[21] M. M. Rahman, A. M. Khan, M. M. Ha	z et al., “Congeni-
tal hearing impairment associated with rubella: lessons from
Bangladesh,” Southeast Asian Journal of Tropical Medicine and
Public Health, vol. 33, no. 4, pp. 811–817, 2002.

[22] B. L. Lam, Electrophysiology of Vision: Clinical Testing and
Applications, Informa Health Care, 2005.

[23] P. Vijayalakshmi, G. Kakkar, A. Samprathi, and R. Banushree,
“Ocular manifestations of congenital rubella syndrome in a
developing country,” Indian Journal of Ophthalmology, vol. 50,
no. 4, pp. 307–311, 2002.

[24] World Health Organization, Report of a Meeting on Preventing
CRs: Immunization Strategies, Surveillance Needs, World Health
Organization, Geneva, Switzerland, 2000.

[25] F. T. Cutts, M. Siqueira, K. Engstrom, and S. E. Robertson,
Guidelines for Surveillance of Congenital Rubella Syndrome
(CRS) and Rubella, WHO, Geneva, Switzerland, 1999.

[26] J. E. Lawn, S. Reef, B. Ba
oe-Bonnie, S. Adadevoh, E. O. Caul,
and G. E. Gri�n, “Unseen blindness, unheard deafness, and
unrecorded death and disability: congenital rubella in Kumasi,
Ghana,” 
e American Journal of Public Health, vol. 90, no. 10,
pp. 1555–1561, 2000.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation

http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation 

http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at

http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration

Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in

OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


