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We have made considerable progress in setting and scaling up surveillance systems to drive evidence-based policy decisions, but 
the recent epidemics highlight that current systems are not optimally designed. Good surveillance systems should be coordinated, 
comprehensive, and adaptive. They should generate data in real time for immediate analysis and intervention, whether for endemic 
diseases or potential epidemics. Such systems are especially needed in low-resource settings where disease burden is the highest, but 
tracking systems are the weakest here due to competing priorities and constraints on available resources. In this article, using the 
examples of 3 large, and mostly successful, infectious disease surveillance studies in Bangladesh, we identify 2 core limitations—the 
pathogen bias and the vaccine bias—in the way current surveillance programs are designed for low-resource settings. We high-
light the strengths of the current Global Invasive Bacterial Vaccine Preventable Disease Surveillance Network of the World Health 
Organization and present case studies from Bangladesh to illustrate how this surveillance platform can be leveraged to overcome its 
limitations. Finally, we propose a set of criteria for building a comprehensive infectious disease surveillance system with the hope of 
encouraging current systems to use the limited resources as optimally as possible to generate the maximum amount of knowledge.
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Surveillance is the cornerstone of data-driven public health 
policy decisions for endemic infectious diseases and forecasting 
epidemics. While in the last 2 decades we have undoubtedly 
made considerable progress in setting and scaling up surveil-
lance systems to drive evidence-based policy decisions, the 
successive waves of recent epidemics like Ebola, dengue, Zika, 
and now coronavirus disease 2019 (COVID-19) highlight how 
current systems are not yet optimally designed. In theory, good 
surveillance systems should be coordinated, comprehensive, 
and adaptive. They should generate real-time data for imme-
diate analysis and intervention, whether for endemic diseases or 
potential epidemics. Such systems are especially needed in low- 
and middle-income country (LMIC) settings where disease 
burden remains high and which are most affected by globaliza-
tion and climate change. In reality, LMICs tend to have weaker 
tracking systems due to competing priorities and constraints on 
available resources.

In this article, using the examples of 3 large, and mostly 
successful, infectious disease surveillance (IDS) studies in 
Bangladesh, we identify 2 core limitations in the way current 
surveillance programs are designed for LMICs. Next, we high-
light the strengths of the WHO-coordinated Invasive Bacterial 
Vaccine-Preventable Disease surveillance system, and how this 
can be leveraged or repurposed to overcome the 2 core limita-
tions. We present case studies from Bangladesh illustrating how 
we have successfully done this for optimal use of resources and 
data generation, and based on our experience, we propose a set 
of criteria to build a comprehensive IDS system.

SURVEILLANCE FOR PEDIATRIC PNEUMONIA, 
MENINGITIS, AND SEPSIS CAUSED BY 
STREPTOCOCCUS PNEUMONIAE, HAEMOPHILUS 
INFLUENZAE, AND NEISSERIA MENINGITIDIS IN 
BANGLADESH

There have been 3 large surveillance studies to detect pneu-
monia, meningitis, and sepsis caused by Streptococcus 
pneumoniae (pneumococcus) and Haemophilus influenzae type 
b (Hib) in children aged <5 years in Bangladesh. The first was 
the vaccine alliance Gavi’s Pneumococcal Vaccines Accelerated 
Development and Introduction Plan (PneumoADIP), which 
was initiated in 2004 in Bangladesh to assess the burden of 
pneumococcus and generate evidence for the available pneu-
mococcal conjugate vaccines [1]. Second, in 2008, with Gavi’s 
support, a separate Hib Initiative surveillance program was 
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rolled out in Bangladesh to generate data on the burden of Hib, 
against which a vaccine had been available since the 1980s [2]. 
PneumoADIP-supported surveillance continued in parallel to 
Hib initiative for a few months in 2008; PneumoADIP ended 
in 2008 and the Hib Initiative surveillance ended in 2011. 
Third, in 2009, Gavi initiated a more inclusive surveillance plat-
form called the Global Invasive Bacterial Vaccine-Preventable 
Disease (IB-VPD) Surveillance Network (GISN), which is co-
ordinated by WHO [3]. This platform gradually evolved and fi-
nally included 3 pathogens—pneumococcus, Hib, and Neisseria 
meningitidis (meningococcus), all 3 of which cause a similar 
spectrum of syndromes. The objectives of GISN were to enroll 
children <5 years of age admitted in sentinel hospitals to (1) col-
lect data to describe the epidemiology and estimate the burden 
of the invasive diseases caused by the 3 pathogens; (2) establish 
a surveillance platform to measure impact after introduction 
of Hib or pneumococcal vaccine; and (3) detect and charac-
terize the circulating bacterial types [4]. Inclusion criteria are 
provided in Table 1. Specific information for H.  influenzae, 
S.  pneumoniae, and N.  meningitidis can be found elsewhere 
[5–7]. Data are stored only for cases positive for these patho-
gens of interest.

These 3 surveillance systems generated the first comprehen-
sive estimates of pneumococcus and Hib burden in Bangladesh, 
and facilitated the introduction of the Hib vaccine in 2009 and 
the 10-valent pneumococcal conjugate vaccine in 2015. Hib 
vaccine alone is estimated to prevent deaths of 3100 infants 
every year [8], illustrating the role of these surveillance studies 
in saving lives of Bangladeshi children. However, they have also 
been very expensive surveillance systems, and embody 2 core 
limitations in their designs:

 1. The pathogen bias: Surveillance studies in LMICs are con-
ventionally designed to conduct vertical research on spe-
cific known pathogen(s) of global interest, often based on 

historical data from high-income countries. This is despite 
the fact that multiple different pathogens can lead to clini-
cally indistinguishable syndromes. In a study hospital, a child 
may present with meningitis or sepsis caused by any of a mul-
titude of pathogens, and a typical microbiological culture of 
the cerebrospinal fluid (CSF) or blood will yield growth of al-
most any bacteria in the sample, not only the pathogen of in-
terest. In addition, vertical systems cannot capture emerging 
pathogens or pathogens that do not exist yet, severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), being 
an example. Such top-down approaches not only lead to un-
derutilization of resources in already resource-constrained 
settings, but more importantly, are missed opportunities to 
generate valuable data on additional etiologies and/or syn-
dromes. A quintessential example of this loss is perhaps de-
scribed by the delay of 21 years in introduction of the Hib 
vaccine in Bangladesh since it was licensed for use in the 
United States. This delay primarily stemmed from the as-
sumption that Hib is not prevalent in the region, despite some 
small, local studies depicting its burden [9, 10]; Hib surveil-
lance was not included in the PneumoADIP. Once data from 
Hib Initiative–supported surveillance, which was set up after 
some preliminary surveillance studies, became available, the 
Hib vaccine was introduced quickly.

Another example is the increasing burden of neonatal sepsis 
and meningitis caused by multidrug-resistant gram-nega-
tive bacteria such as Klebsiella pneumoniae, Escherichia coli, 
Acinetobacter baumannii, and Pseudomonas aeruginosa. 
Although these pathogens are captured during default micro-
biological culture of blood or CSF in studies designed to detect 
Hib and pneumococcus, no data are collected, stored, and ana-
lyzed by the current surveillance platforms. Moreover, the focus 
on specific pathogens has meant that data on syndromes are not 
collected. This is a missed opportunity for forecasting/detecting 

Table 1. Case Definitions for Enrollment in Invasive Bacterial Vaccine-Preventable Disease Surveillance for Meningitis, Pneumonia, and Sepsis

Suspected Case 
Definition Inclusion Criteria for Admitted Children

Meningitis (1) Sudden onset of fever (temperature of >38.5°C rectal or >38°C axillary) and 1 of the following signs: neck stiffness, altered  
consciousness with no other alternative diagnosis, or other meningeal sign in a child aged 0–59 months, or (2) a clinical diagnosis  
of meningitis in a hospitalized child aged 0–59 months. 

OR 
Patient with cerebrospinal fluid examination showing turbid appearance or leukocytosis (>100 cells/µL) or both leukocytosis (10–100 

cells/µL) and either an elevated protein (>100 mg/dL) or decreased glucose (<40 mg/dL). If protein and glucose results are not  
available, diagnosis is based on turbid appearance or leukocytosis (>100 cells/µL).

Pneumonia Cough or difficulty breathing and displaying fast breathing when calm at a rate of ≥60 breaths/min in an infant aged <2 months, ≥50 
breaths/min in an infant aged 2 to <12 months, or ≥40 breaths/min in a child aged 12–59 months. 

OR 
A child 0–59 months old displaying 1 or more of the following: inability to drink or breastfeeding, vomiting everything, convulsions, 

prostration/lethargy, chest indrawing, stridor when calm. 

Sepsis Presence of at least 2 of the following danger signs and without meningitis or pneumonia clinical syndrome in a child aged 
0–59 months: inability to drink or breastfeed, vomiting everything, convulsions (except in malaria-endemic areas), prostration/lethargy 
(abnormally sleepy or difficult to wake), severe malnutrition, hypothermia (≤36.0°C).

Specific information for Haemophilus influenzae, Streptococcus pneumoniae, and Neisseria meningitidis can be found elsewhere [5–7].
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outbreaks, a key component of surveillance. Tracking a dis-
ease (syndromes, case definitions, or diagnosis) in real time, 
instead of just pathogens, offers the opportunity to monitor 
trends and patterns that may be driven by causes other than the 
pathogen(s) of interest. Analysis of such data, for example, can 
detect even slight increases in meningitis or pneumonia case 
numbers in a study hospital or country, heralding an outbreak.

 2. The vaccine bias: The primary focus of vaccine-preventable 
surveillance systems often appears to be pathogens for 
which vaccines are available or are in the pipeline. This had 
often been driven by interest of donors on specific vaccines. 
However, data generation for endemic pathogens in LMICs 
for which no vaccines are currently being considered is also 
of utmost importance.

The example that perhaps best highlights this issue is typhoid. 
Salmonella enterica Typhi, the cause of typhoid, is endemic in 
South Asia and the predominant cause of bloodstream infection 
in children over the age of 2 years. While there was abundant spo-
radic data documenting its burden in South Asia since the 1990s, 
no large surveillance study captured information of this impor-
tant pathogen, leading to a deficiency in understanding its true 
burden [11]. However, with recent increase in donor interest, and 
a raging outbreak of extensively drug-resistant Salmonella Typhi 
in Pakistan [12], countries are struggling to generate baseline 
data to convince national and international policy makers to in-
troduce the vaccine and to be prepared to conduct impact studies. 
Another example to note would be the vaccines against respira-
tory syncytial virus (RSV), which are currently in clinical trials 
in high-income countries; RSV is a dominant cause of childhood 
pneumonia, but there exists a large gap in systematic data from 
LMICs despite pneumonia surveillance systems in place.

Finally, there are several vaccines and other interventions like 
monoclonal antibodies being developed to tackle the increasing 
burden of gram-negative pathogens and RSV. However, the in-
troduction of these interventions in LMICs might once again 
be delayed by the vicious cycle of lack of data, which can be 
collected by leveraging the ongoing platforms.

CASE FOR IB-VPD SURVEILLANCE

WHO coordinates the IB-VPD surveillance systems across all 
WHO regions and had data reported from 46 member states with 
123 laboratories in 2019 [3]. As in Bangladesh, this surveillance 
network has helped fill the gaps in data in many LMICs [13]. Its ob-
jectives are to document the presence of pathogen-specific diseases, 
identify circulating serotypes, and measure serotype distribution, 
with a primary focus on pneumococcus, Hib, and meningococcus, 
as described above. In the postvaccine era, the network contributes 
to assessing vaccine impact on the pathogens of interest.

Being one of the largest global surveillance networks, 
strengths of the IB-VPD surveillance platform are manifold. 

First, it has established standardized laboratory procedures 
and guidelines for data collection. Second, the IB-VPD surveil-
lance system does not only collect data on the burden of the 
pathogen, but also captures details of the circulating patho-
gens that may influence vaccine choice or design. For instance, 
the serotype distribution of pneumococcus or meningococcus 
guides which of the available vaccines is most appropriate for 
a country, or if new vaccine formulations are required. Third, 
it has set up a global external quality assessment program to 
document national, regional, and global laboratory capacities 
in the IB-VPD pathogen diagnosis. This ensures that data at-
tained from different countries and regions are of acceptable 
quality and are comparable. Fourth, it ensures delivery of lab-
oratory supplies, maintaining proper cold chains, to the door-
steps of the sentinel laboratories. Considering the difficulties in 
attaining supplies by many laboratories in LMICs, this is per-
haps one of the most crucial strengths of IB-VPD [14]. Much of 
this has been possible through WHO’s close relationship with 
country governments and establishment of local and regional 
offices.

CASE STUDIES: LEVERAGING THE IB-VPD 
PLATFORM FOR ADDITIONAL SURVEILLANCE 
STUDIES

While the central reach of the IB-VPD surveillance platform 
may be limited in terms of pathogens, the strengths of IB-VPD 
surveillance allow it to be leveraged to expand its capacity 
according to a country’s needs. Here we present a few ex-
amples of the work we have conducted leveraging the IB-VPD 
surveillance system.

Integrating Enteric Fever Surveillance

Between 2012 and 2016, we evaluated the feasibility and sus-
tainability of integrating enteric fever surveillance into the on-
going IB-VPD platform. By adding the simple inclusion criteria 
of fever 38.9°C (≥102°F) for ≥3  days to the existing criteria 
for meningitis, pneumonia, and sepsis as detailed in Table 1, 
we were able capture 94% of all enteric fever cases admitted in 
an IB-VPD sentinel hospital [15]. This showed that where en-
teric fever poses a substantial burden, enteric fever surveillance 
can be successfully and sustainably integrated into the standard 
IB-VPD surveillance platform at a modest cost.

Integrating Rotavirus Surveillance

WHO coordinates a separate platform for measuring the burden 
of rotavirus diarrhea [16], with the objectives of generating 
pre- and postvaccine data on disease burden, identical to that 
of the IB-VPD platform. However, only a small proportion of 
the IB-VPD sites also conduct rotavirus surveillance. In 2012, 
we conducted a feasibility study to integrate rotavirus diarrhea 
surveillance into the IB-VPD platform and showed that an inte-
grated platform can achieve almost all the required benchmark 
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indicators related to rotavirus surveillance [17]. Integration of 
these 2 surveillance platforms, rotavirus and IB-VPD, could 
ease overall management and reduce costs through co-sharing 
study personnel and operating costs.

Integrating RSV and Influenza Surveillance

In 2018, we initiated a study to leverage the ongoing IB-VPD 
platform to collect nasopharyngeal swab samples from children 
who meet the WHO case definition of RSV infection [18]. As 
we were already enrolling children meeting the case definition 
of pneumonia (Table 1), this could be easily integrated (unpub-
lished). We conduct quantitative polymerase chain reaction 
assays for detection of RSV and influenza using the same mo-
lecular platform that has been set up for the IB-VPD platform 
for molecular typing of pneumococcus, meningococcus, and 
Haemophilus. It must be noted that the WHO runs a network 
to monitor the burden of influenza that is independent of the 
IB-VPD surveillance system [19].

Integrating Antimicrobial Resistance Surveillance

We have been carefully storing the antimicrobial susceptibility test 
(AST) results of all pathogens detected through the surveillance 
platforms. As ASTs are part of regular diagnostics in the sentinel 
hospital, the only additional cost was of storing the data. Using 
these data, we have reported trends of antimicrobial resistance in 
pneumococcus [20, 21] and Hib [10, 22]. In addition, we also col-
lected AST data from the enteric fever study add-on, which led 
to the first-ever report of azithromycin resistance in typhoidal 
Salmonella and its underlying molecular mechanism [23].

Integrating Pathogen Genomic Surveillance

Pathogen genomics can provide molecular data that are impos-
sible to gain with only phenotypic tests, and hence is becoming 
a key component of epidemiological surveillance. However, 
LMICs lag far behind in this field due to high capital costs and 
lack of resources and training. We have been maintaining a 
biobank of all isolates collected through IB-VPD surveillance 
and its add-on surveillance platforms mentioned above. The 
historical and living biobank have attracted donors to fund 
studies to conduct genome sequencing of these stored patho-
gens. This will help close the knowledge gap about the mo-
lecular characteristics of pathogens circulating in Bangladesh 
and the surrounding regions [24]. Leveraging the genomic 
sequencing capacity, we were the first to sequence SARS-CoV-2 
in Bangladesh [25], and are continuing the SARS-CoV-2 ge-
nomic surveillance for the country.

In addition, we have also systematically preserved CSF sam-
ples from children who meet the case definition of menin-
gitis, but no microbiological diagnosis could be attained using 
standard laboratory procedures. We have used these CSF sam-
ples, which are linked to clinical data collected through the 
IB-VPD platform, to conduct unbiased RNA metagenomic 
studies. Our first metagenomic study revealed several unknown 

causes of meningitis and uncovered a previously unrecognized 
chikungunya meningitis in Bangladesh in 2017 [26]. This was 
the first study establishing the role of chikungunya virus in 
causing neurological infections in children.

Integrating Emerging Disease and Outbreak Surveillance

The IB-VPD surveillance platform, like most other infection 
disease surveillance systems, does not collect data on the total 
burden of a syndrome, but only of invasive infections caused 
by specific pathogens. Without disease denominators, it can be 
difficult to compare temporal trends between and across coun-
tries. It also inhibits real-time disease tracking and immediate 
response to anomalies in trends and patterns. We collect de-
nominators—all patients meeting WHO IB-VPD case defin-
itions, irrespective of whether a pathogen is detected or not. 
This helps us to monitor and predict trends and seasonality of 
sample collection and enrollment numbers. This system led to 
the recognition of a surge of meningitis case numbers in 2017, 
which later was found to be caused by chikungunya virus out-
break [26].

TOWARDS BUILDING THE NEXT GENERATION OF 
INFECTIOUS DISEASE SURVEILLANCE

The most essential steps of setting up a surveillance platform 
are arguably building relationships with country governments, 
setting up the infrastructure for systematic collection of pa-
tient data in sentinel hospitals, and linking the data to findings 
from quality-controlled microbiology laboratories. These are 
also the most difficult, time-consuming, and expensive steps 
of a multicountry IDS system. WHO-coordinated IB-VPD sur-
veillance network has indeed been able to achieve that in many 
countries, but maintaining funding for this and other surveil-
lance networks at a global, regional, and country level is quite 
challenging. In order to sustainably keep up with the current 
changing world of infectious diseases, it is perhaps time to con-
sider a more comprehensive IDS system, which is in line with 
WHO’s global comprehensive VPD surveillance [27]. Criteria 
for such a system are as follows:

• The next generation of IDS systems will include a broader 
range of infectious disease agents, and not just bacteria. This 
will require the multiple current infectious disease sentinel 
surveillance platforms (rotavirus, IB-VPD, influenza, etc) of 
WHO to connect, share resources, and share costs. If suc-
cessful, this may reduce internal bureaucracy and make de-
livery of supplies and funding more efficient and timely.

• For diseases of interest, all pathogens detected in the sentinel 
microbiology laboratories will be recorded, whether imme-
diately vaccine preventable or not. This will generate data on 
the diversity of causes of infection and can aid in future vac-
cine introduction/design.
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• The denominator of all cases in the sentinel hospital that 
meet the case definitions of diseases will be noted. This will 
allow for real-time tracking of disease trends, noting anom-
alies. It will also highlight how many cases evade current lab-
oratory testing and hence requirement of new diagnostics.

• AST results will be recorded for bacteria to monitor trends 
and patterns. The already existing external quality assurance 
system can be leveraged to assure quality of ASTs.

• The molecular setup for bacterial typing will be leveraged for 
identification of common viral pathogens such as RSV, influ-
enza, and others.

• Case-linked biobanks will be maintained wherever possible 
to allow for future genomic studies of circulating pathogens 
and generate country-specific data.

• The surveillance will be adaptive and responsive to local con-
text. Multicountry surveillance systems often strive to keep 
design of the programs consistent across countries. While 
some consistency is undoubtedly required for comparison 
and quality assurance, it will be remembered that disease 
and pathogen burden vary geographically. For example, me-
ningococcal meningitis is of high priority in sub-Saharan 
Africa, but the burden is low in South Asia. Nontyphoidal 
Salmonella is a much bigger problem in Africa than in Asia. 
Data will be analyzed in real time to guide what pathogens 
should be prioritized in which countries/regions.

The list is by no means exhaustive of all suggestions, and may 
vary significantly by region, country, priorities, and funding. 
Building such a system for IDS, which requires both compre-
hensive laboratory work and collection of clinical and epide-
miological data, would require alignment and coordination 
between various groups within the donor and coordination 
teams. And if indeed built, a limitation may be loss of some 
pathogen-specific data due to a broader focus. In addition, 
because of increased costs, complexities, and coordination, it 
might require a fine balance between the number of sites and 
the quality of data.

One method of achieving this may be by reducing 
the number of sites in the network to include only high-
performing sites and/or sites encountering the highest burden 
of diseases. However, this might lead to underrepresentation 
of some countries with the least infrastructure and/or capacity 
and lead to a vicious cycle of perpetual lack of data from cer-
tain countries due to no investment in surveillance. Another 
method of building a comprehensive surveillance network 
may be through guiding and equipping the regional refer-
ence laboratories to conduct the comprehensive, laboratory-
intensive work, which can, in turn, support the sentinel sites 
in collection of comprehensive data linked to the laboratory 
work. For example, bacterial isolates/clinical specimens can 
be shipped to the reference laboratories for identification 
and additional characterization, and sentinel sites can aid in 

collection of comprehensive clinical and epidemiological data 
linked to the specimens.

The core message we want to deliver through this article is 
that if the limited resources that are available are being spent, 
we must try to use them as optimally as possible to generate 
the maximum amount of knowledge. The IB-VPD sentinel 
sites in Bangladesh also started with very limited resources 
but have been able to leverage the existing resources opti-
mally to create a virtuous cycle of data generation. We hope 
to encourage other groups in the global network to join us. 
In theory, such a holistic IDS platform, without being tied to 
the attention paid to one pathogen, can be part of a health 
system that can meet needs of pathogen-specific funders for 
add-on studies, and provide information about health sys-
tems, endemic pathogens, and their variation with geography 
and time. A good infrastructure for such a surveillance can 
also prepare sites/countries to forecast and respond to out-
breaks, adapt to changing needs, and act as sites for clinical 
trials or impact studies of new diagnostics, therapeutics, or 
preventatives in times of need.
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