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ABSTRACT 
This literature review examines the epidemiology, clinical profile, diagnosis, and management of Congenital 
Rubella Syndrome (CRS), focusing on endemic regions. Despite global success in reducing cases to 32,000 
by 2019, severe disparities persist, particularly in Southeast Asia. Indonesia reported 229 cases in 2021, 
constituting 57% of the total regional burden, highlighting critical immunization gaps. The clinical findings 
confirmed the CRS triad, with hearing impairment being the most prevalent sequela. Management is strictly 
preventative, as no curative treatment exists. Diagnosis relies on serological confirmation and early 
screening, given the high rate of diagnosis in the month age group. This review advocates for aggressive RCV 
campaigns for women of childbearing age, coupled with urgent neonatal screening protocols for auditory 
and ocular defects to ensure timely surgical and rehabilitative intervention, mitigating the lifelong 
developmental costs of the syndrome. 
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INTRODUCTION  
The most critical consequence of maternal rubella 
infection is Congenital Rubella Syndrome (CRS), a 
constellation of severe developmental anomalies 
resulting from transplacental viral transmission, 
particularly when the mother contracts the virus 
during the first trimester of pregnancy. CRS is 
defined by a spectrum of defects traditionally 
grouped into major and minor categories. The major 
defects, which are responsible for the most 
significant lifelong morbidity, involve the auditory, 
cardiac, and ocular systems. This classic triad 
comprises sensorineural hearing impairment, 
specific congenital heart defects, and serious ocular 
abnormalities [1]. While minor defects as purpura, 
splenomegaly, and microcephaly may present, the 
severity of the major anomalies underscores the 
urgent clinical necessity of preventing maternal 
infection. 
 
Despite the availability of highly effective Rubella-
containing Vaccines (RCV), the global burden of CRS 
remains high and unevenly distributed, highlighting 
critical gaps in immunization and surveillance 

programs. Epidemiological data consistently reveal 
significant geographic disparities, with regions of 
suboptimal vaccination coverage, notably in Africa 
and the Eastern Mediterranean, bearing the highest 
incidence estimated at thousands of cases annually. 
Furthermore, local institutional data from areas like 
Indonesia documented hearing impairment in over 
half, 55.4% of recorded CRS cases. 
 
The high, heterogeneous burden of CRS 
necessitates current comparative analysis beyond 
mere incidence statistics. Therefore, this literature 
review aims to synthesize the current global 
evidence to comprehensively delineate the 
regional epidemiological patterns and provide a 
comparative analysis of the specific clinical 
manifestations of CRS. 
 
METHODS 
This study was conducted as a focused Narrative 
Literature Review aimed at synthesizing current 
evidence regarding the global epidemiology, clinical 
profile, and management strategies for Congenital 
Rubella Syndrome (CRS).
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RESULT 
The structured literature review confirmed a 
significant global reduction in CRS cases (down to an 
estimated 32,000 in 2019); however, this success is 
overshadowed by pronounced regional disparities. 
Indonesia was identified as a critical focus area, 
reporting 229 cases in 2021, which constituted 57% 
of the total cases in the WHO SEARO region (2). Local 
studies further emphasized the urgency, showing a 
high proportion of suspected cases presenting in the 
month age group in Surabaya (3,4). Clinically, the 
analysis consistently reinforced hearing impairment 
as the most prevalent sequela, with ocular defects 
(cataracts and glaucoma) demanding time-sensitive 
surgical intervention (e.g., cataracts optimally 
managed between 4 to 10 weeks of age). The 
collective findings underscore that since no curative 
treatment exists, management relies solely on 
primary prevention (RCV vaccination) and rigorous 
secondary prevention, emphasizing the need for 
early neonatal screening protocols to facilitate 
timely surgical management. 
 
CONGENITAL RUBELLA SYNDROME 
Definition and Epidemiology of CRS 
Rubella, or German measles, is an infection caused 
by a positive-stranded RNA virus of the Togaviridae 
family. The virus spreads via droplets, leading to 
systemic infection. While generally mild, the 
infection is critical when acquired by pregnant 
women, particularly during the first trimester. This 
maternal infection frequently leads to severe 
complications, including miscarriage, fetal demise, 
or Congenital Rubella Syndrome (CRS), defined by a 
constellation of severe defects. The highest risk of 
severe fetal damage occurs within the first 12 weeks 
of gestation, diminishing rapidly after the 20th week 
[1,5]. CRS is characterized by the classic triad: 
hearing impairment, congenital heart defects, and 
ocular abnormalities.  
 
The urgency is acute in Southeast Asia; Indonesia 
reported 229 cases in 2021, accounting for 57% of 
the total cases in the region. WHO SEARO region [2]. 
Local studies in Surabaya (RSUD Dr. Soetomo) 
reported 145 clinically confirmed CRS cases from 
346 suspects, with the majority of suspected cases 
occurring in the <1-month age group [3,4]. Further 
analysis of this cohort indicated that the most 
frequent defect was hearing impairment. This 
significant local disease burden, combined with the 
fluctuating national incidence in Indonesia and the 
early age of diagnosis, necessitates a focused review. 
 
Risk Factor, Diagnosis, and Therapy of CRS 
Understanding the risk factors contributing to 
Congenital Rubella Syndrome (CRS) is crucial for 
primary prevention. The key risk factors include 
lack of Rubella vaccination, travel to endemic 
regions, exposure to infected individuals, and 
underlying immune deficiency [6]. CRS pathogenesis 
hinges critically on the timing of maternal infection; 
the highest risk of severe fetal anomalies occurs 
during the first 12 weeks of gestation, highlighting 
that protection strategies must exclusively target 
the susceptible population of women of childbearing 

age (WOCBA) before conception. The resulting 
clinical profile is characterized by the classic triad 
auditory, cardiac, and ocular anomalies with local 
data often establishing hearing impairment as the 
most frequent and persistent sequela. 
 
The definitive diagnosis of CRS is multi-faceted, 
requiring careful anamnesis, specific physical 
examination, and serological confirmation, as 
outlined by the WHO criteria [7]. Clinical 
identification includes physical signs such as 
microcephaly, ocular abnormalities (glaucoma), and 
cardiac defects (e.g., PDA, marked by murmurs) [8]. 
Diagnosis relies on a classification system 
differentiating between suspected CRS (one major 
manifestation) and clinical CRS (two major or one 
major and one minor manifestation). Serological 
testing is the cornerstone for confirmation: positive 
Rubella IgM is required for infants aged <6 months, 
while older infants necessitate positive IgM/IgG 
results. The presence of IgG antibodies is indicative 
of protective immunity, guiding the evaluation of 
maternal susceptibility. 
 
As no specific curative treatment exists for 
established CRS, prevention is the paramount 
management strategy. Primary prevention is 
achieved through the prioritization of Rubella 
vaccination, which is essential for infants, 
adolescents, and WOCBA [5]. The vaccine is typically 
delivered as a combined Measles-Mumps-Rubella 
(MMR) vaccine, with standard schedules 
recommending a primary dose followed by a 
booster dose to ensure sustained immunity [8]. 
Aligning with the 2011 WHO recommendation to 
integrate RCV into national immunization programs, 
the success of this primary prevention hinges on 
achieving and maintaining high vaccination 
coverage to break the chain of maternal 
transmission. 
 
Beyond primary vaccination, secondary prevention 
and rehabilitative management are crucial for 
minimizing long-term morbidity in affected infants. 
Given that local studies demonstrate a high 
proportion of cases are diagnosed in the <1-month 
age group [3,4], early intervention is feasible and 
vital. This necessitates the urgent establishment of 
standardized neonatal screening protocols for 
auditory and ocular defects in high-burden centers. 
Prompt identification of anomalies allows for timely 
surgical intervention (e.g., cataracts, cardiac defects) 
and rehabilitation (e.g., hearing aids), thereby 
improving developmental outcomes and reducing 
the substantial lifelong burden of the syndrome. 
 
CONGENITAL CATARACT 
Definition and Epidemiology of Congenital Cataract 
Congenital cataract, defined as opacity of the lens 
reducing light transmission to the retina, is a major 
global cause of reversible visual impairment and 
blindness [9]. Its significance within the context of 
CRS is paramount, as maternal Rubella infection 
during the first trimester is consistently cited as the 
most frequent infectious cause associated with 
complex congenital anomalies [10]. 
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The global incidence of congenital cataracts is 
substantial, estimated at between 20,000 to 40,000 
cases annually [11]. Regional data emphasize this 
burden; Indonesia, for example, shares a significant 
prevalence, estimated at 0.6% per 10,000 births, 
falling within the 1.7–14.7 cases per 10,000 births 
reported across Asia [9]. Furthermore, visual 
impairment due to congenital cataract remains the 
leading cause of childhood blindness. This high 
prevalence underscores the urgent need for robust 
Rubella immunization programs, as prevention 
remains the only means to mitigate this severe and 
costly outcome of CRS. 
 
Risk Factor, Diagnosis, and Therapy of Cataract 
Congenita 
The discussion of CRS management must 
incorporate the specialized management of 
congenital cataracts, a leading cause of treatable 
childhood blindness globally. While intrauterine 
infection, notably by the Rubella virus during the 
first trimester, is a key risk factor for congenital 
cataracts associated with CRS [9,10], other factors 
include autosomal dominant genetic inheritance 
(and less commonly, recessive or X-linked), 
metabolic disorders, diabetes, and trauma [12].  
 
Diagnosis relies on timely ocular screening, ideally 
performed in infants aged 0 to 4 months. The 
definitive diagnostic procedure begins with a 
detailed anamnesis, followed by physical 
examination of the eye, crucially including the red 
reflex screening using a direct ophthalmoscope in a 
dimmed room [13].  
 
Management is bifurcated: non-surgical therapy 
(using spectacles and pupil dilation) is reserved for 
incomplete or peripheral cataracts (<3 mm opacity), 
whereas surgery is indicated for opacities 
obstructing the red reflex or exceeding 3 mm. The 
timing of surgical intervention is critical: the optimal 
age for unilateral congenital cataract surgery is 4–6 
weeks, while bilateral cataracts are optimally 
addressed at 8–10 weeks to prevent vision-
depriving amblyopia, highlighting the urgency of 
early detection [13]. 
 
CONGENITAL GLAUCOMA 
Definition and Epidemiology of Congenital 
Glaucoma 
Congenital glaucoma is a rare, inherited 
developmental anomaly occurring at birth, 
fundamentally characterized by abnormally high 
intraocular pressure (IOP) [14]. This elevation in 
IOP stems from a developmental abnormality in 
the trabecular meshwork and the anterior 
chamber angle. The underlying pathophysiology 
involves impaired aqueous humor outflow, often 
conceptualized by Barkan's theory, which 
proposes an imperforate membrane hindering 
fluid drainage [14]. Congenital glaucoma is a 
significant ocular disorder that contributes to 
total blindness, and its presence can be a key 
component of complex syndromes, including 
Congenital Rubella Syndrome (CRS). 

While rare, it manifests across diverse countries and 
ethnic groups. Epidemiological data show 
considerable variation in incidence rates globally. In 
Western countries, such as Ireland, the United 
Kingdom, and the United States, the incidence of PCG 
ranges from 1 per 10,000 to 1 per 20,000 live births 
[15]. Other sources report an overall prevalence of 
approximately 1:10,000 live births [16]. This 
persistent, albeit low, incidence underscores the 
need for early and accurate diagnostic screening, as 
timely intervention is crucial for mitigating the 
irreversible vision loss associated with chronic high 
intraocular pressure in infancy. 
 
Risk Factor, Diagnosis, and Therapy of 
Congenital Glaucoma 
The etiology of congenital glaucoma is largely 
defined by genetic inheritance, predominantly 
following an autosomal recessive pattern with 
incomplete penetrance ranging from 40% to 100% 
[17]. Five specific gene loci (GLC3A through GLC3E) 
have been implicated, with mutations in CYP1B1 
often linked to the autosomal recessive form 
(Schuster, 2020). Beyond genetics, high myopia and 
a family history of glaucoma serve as significant risk 
factors. Given that the single modifiable risk factor is 
elevated intraocular pressure (IOP), the entire 
therapeutic approach is focused on maintaining IOP 
within a healthy range.  
 
Definitive diagnosis of congenital glaucoma requires 
a comprehensive pediatric ophthalmological 
examination. Primary assessment involves 
funduscopic examination to evaluate the optic disc 
and retinal nerve fiber layer for glaucomatous 
changes, such as neuroretinal rim loss, optic nerve 
head enlargement, or nerve fiber layer thinning. 
Advanced imaging, like Optical Coherence 
Tomography (OCT), can provide objective 
morphometric measurements of the optic nerve. 
Crucially, a confirmed diagnosis often necessitates 
IOP measurement performed under general 
anesthesia or sedation [17]. 
 
Since congenital glaucoma is an irreversible 
condition, treatment aims to control the disease 
progression and prevent subsequent vision loss, 
rather than achieving a total cure [14]. Early 
detection remains the cornerstone of prevention, 
minimizing the risk of permanent blindness. 
Management varies based on the patient's age and 
disease severity at presentation, but treatment for 
PCG is primarily surgical [14]. Common surgical 
procedures include trabeculectomy, often 
supplemented by antifibrotic agents like mitomycin-
C or 5-fluorouracil, or the placement of glaucoma 
drainage devices. The goal of these interventions is 
to improve aqueous outflow and stabilize IOP, 
thereby preserving the optic nerve and visual 
function [14]. A successful long-term outcome is 
highly dependent on achieving early diagnosis and 
executing timely, appropriate surgical management. 
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PIGMENTARY RETINOPATHY 
Definition and Epidemiology of Pigmentary 
Retinopathy 
Another distinct ocular manifestation of Congenital 
Rubella Syndrome (CRS) is Salt and Pepper 
Pigmentary Retinopathy. This specific condition is 
characterized by granular changes and pigment 
alteration across the macula and peripheral retina, 
presenting as small areas of hypo- and 
hyperpigmentation [18]. The resulting salt and 
pepper pattern on the fundus is considered a 
hallmark sign of Rubella infection. While generally 
non-progressive and benign, and typically not 
affecting central visual function, complications such 
as the development of choroidal neovascularization 
in the macular area can rarely occur [18].  
 
Data specific to the prevalence of this particular 
pattern are scarce; however, one study reported this 
salt and pepper retinal degeneration pattern in 93 
patients examined [19], highlighting its unique but 
uncommon presentation within the full spectrum of 
CRS defects. 
 
Risk Factor, Diagnosis, and Therapy of 
Pigmentary Retinopathy 
The development of Salt and Pepper Pigmentary 
Retinopathy is attributed not only to congenital 
pathogens like the Rubella virus but also to complex 
underlying factors. Key risk factors include 
immunization and vaccination status, coupled with 
a history of maternal infection during pregnancy 
[20]. Non-infectious contributors, such as metabolic 
abnormalities and retinal vascular disturbances, can 
also damage the retinal pigment epithelium. 
Furthermore, the use of certain drugs with known 
retinal toxicity, including chloroquine, 
hydroxychloroquine, and thioridazine, is associated 
with the development of this pigmentary pattern 
[20].  
 
Diagnosis requires a thorough ophthalmological 
evaluation, beginning with visual acuity and 
contrast sensitivity assessment. Advanced 
techniques are vital: Fundus Autofluorescence 
(FAF) is noninvasively sensitive for detecting 
retinal pigment epithelial disruption caused by 
Rubella, while Electroretinogram (ERG) assesses 
the severity based on retinal function. Optical 
Coherence Tomography (OCT) and its angiography 
variant (OCTA) help determine the condition and 
vascular changes, and specialized tools like AOSLO 
(Adaptive Optics Scanning Laser Ophthalmoscopy) 
evaluate photoreceptor damage [21]. 
 
Currently, there is no specific drug or therapy that can 
fully cure Salt and Pepper Pigmentary Retinopathy 
[22]. Consequently, the management strategy is 
purely preventative and focused on stabilization. 
Given that the condition is often a sequela of 
Congenital Rubella Syndrome, the most effective 
preventative measure is MMR vaccination to ensure 
lifelong immunity, thereby preventing Rubella 
infection during pregnancy and eliminating the risk of 
congenital transmission [22]. For diagnosed cases, 
management shifts to continuous monitoring for 

complications. Fluorescein Angiography (FA) is 
utilized to detect serious, albeit rare, complications 
such as choroidal neovascularization. Overall, 
preventing the initial viral infection through high 
vaccination coverage offers the only reliable method 
for mitigating this distinct retinal damage. 
 
CONCLUSIONS 
This review confirms that despite significant success 
in reducing global incidence, Congenital Rubella 
Syndrome (CRS) remains a serious public health 
burden driven by persistent regional vaccination 
gaps, particularly in the Southeast Asian context. 
The clinical synthesis established that the hearing 
impairment is the most frequent and long-lasting 
sequela among the classic triad of defects. Crucially, 
as no specific curative treatment exists, and 
considering the early diagnosis often seen in high-
burden cohorts, future strategies must prioritize 
multi-level intervention. We advocate for 
strengthening primary prevention through 
aggressive Rubella-containing Vaccine (RCV) catch-
up campaigns for women of childbearing age, 
coupled with the urgent implementation of 
standardized neonatal screening protocols for 
auditory and ocular defects. Timely detection is 
essential to ensure swift surgical and rehabilitative 
management, thereby mitigating the substantial 
lifelong developmental burden associated with the 
syndrome. 
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