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Background: In 2016, as a component of the Global Health Security Agenda, the
Vietnam Ministry of Health expanded its existing influenza sentinel surveillance for
severe acute respiratory infections (SARI) to include testing for 7 additional viral res-
piratory pathogens. This article describes the steps taken to implement expanded
SARI surveillance in Vietnam and reports data from 1year of expanded
surveillance.

Methods: The process of expanding the suite of pathogens for routine testing by
real-time reverse transcriptase-polymerase chain reaction (rRT-PCR) included labo-
ratory trainings, procurement/distribution of reagents, and strengthening and align-
ing SARI surveillance epidemiology practices at sentinel sites and regional institutes
(RI).

Results: Surveillance data showed that of 4003 specimens tested by the Rl laborato-
ries, 20.2% (n = 810) were positive for influenza virus. Of the 3193 influenza-negative
specimens, 41.8% (n = 1337) were positive for at least 1 non-influenza respiratory
virus, of which 16.2% (n = 518), 13.4% (n = 428), and 9.6% (n = 308) tested positive
for respiratory syncytial virus, rhinovirus, and adenovirus, respectively.
Conclusions: The Government of Vietnam has demonstrated that expanding respira-
tory viral surveillance by strengthening and building upon an influenza platform is

feasible, efficient, and practical.

KEYWORDS
adenovirus, global health security, influenza virus, respiratory syncytial virus, rhinovirus,

severe acute respiratory infection, Vietnam

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2018 The Authors. Influenza and Other Respiratory Viruses Published by John Wiley & Sons Ltd.

632 | wileyonlinelibrary.com/journal/irv

Influenza Other Respi Viruses. 2018;12:632-642.


www.wileyonlinelibrary.com/journal/irv
http://creativecommons.org/licenses/by/4.0/
mailto:fir3@cdc.gov

ALROY ET AL.

1 | INTRODUCTION

In support of the World Health Organization (WHO) and its global
network of National Influenza Centers (NIC), the U.S. Centers for
Disease Control and Prevention (CDC) has provided pivotal technical
assistance to more than 50 countries in the development of surveil-
lance and laboratory capacity for influenza virus.'?> These efforts
have helped nations describe influenza seasonality, identify influ-
enzaisolates for vaccines, and develop plans for pandemic prepared-
ness. Regional and international initiatives such as the Asia Pacific
Strategy for Emerging Diseases (APSED)® and the Global Health
Security Agenda (GHSA)* have further strengthened the ability of
many countries to comply with the International Health Regulations
(IHR), a 2005 legal mandate among all WHO member states to pro-
tect global public health security.

Many countries that conduct surveillance for severe acute re-
spiratory infection (SARI) routinely test SARI specimens only for
the presence of influenza virus® although other respiratory viruses
clearly play an important role in causing severe respiratory infec-
tions.® Globally, influenza is identified as the etiologic agent in only
about 10%-20% of SARI surveillance cases.””? Without adequate re-
agents and routine procedures for testing non-influenza respiratory
viruses,’® the pathogens causing the remaining 80%-90% of cases
from SARI sentinel surveillance are not identified. Data on non-
influenza respiratory viruses are essential for public health institu-
tions to understand the burden of disease due to these pathogens.

In Vietnam, at the national level, the Ministry of Health General
Department of Preventive Medicine (GDPM) is responsible for
the country’s surveillance efforts. In 2016, GDPM embarked on
strengthening and expanding SARI surveillance with technical sup-
port from WHO and CDC, funded through the GHSA. The following
improvements were instituted in Vietnam’s SARI surveillance pro-
gram: (i) revision of the laboratory testing algorithm and provision
of select, standardized laboratory reagents for detection of non-
influenza respiratory viruses; (ii) training for non-influenza respi-
ratory viral diagnostics; (iii) establishment of a proficiency testing
program for these viruses; and (iv) harmonization of epidemiologic
approaches leading to the development of a national SARI surveil-
lance protocol including standardized case definitions, detailed in-
structions for safe specimen collection and transport, and standard
operating procedures for testing and reporting results. This study
describes the expansion and experience in detail.

2 | METHODS

2.1 | Laboratory algorithm and reagent procurement

In 2005, Vietnam established a program for outpatient surveillance
of influenza-like illness (ILI) and, in 2011, added hospital-based
sentinel surveillance of SARI. Vietnam’s 4 regional institutes (RI)
have each independently managed the sentinel sites and labora-
tory testing for their respective region. The National Institute of
Hygiene and Epidemiology (NIHE), the Pasteur Institute in Ho Chi
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Minh City (PI-HCMC), the Pasteur Institute in Nha Trang (PI-NT),
and the Tay Nguyen Institute of Hygiene and Epidemiology (TIHE)
cover the north, south, central coast, and central highlands regions,
respectively (Figure 1). SARI surveillance activities in Vietnam have
been approved as routine public health surveillance activities and
therefore do not involve human subject research, by the human sub-
jects research office in the CDC'’s Center for Global Health (CGH
#2016-201).

Until 2016, all SARI surveillance samples in Vietnam were tested
for influenza A and influenza B, and positive samples underwent ad-
ditional subtyping. Through this study, this algorithm was modified
with the following change: all specimens that tested negative for
influenza were tested for each of 7 non-influenza viral pathogens—
respiratory syncytial virus (RSV); human metapneumovirus (hMPV);
human parainfluenza viruses 1 (PIV1), 2 (PIV2), and 3 (PIV3); human
rhinovirus (RV); and human adenovirus (AdV)—in a series of 7 sin-
gleplex reactions (Figure 2). Following this modification, the SARI
surveillance platform was referred to as expanded SARI surveillance
to reflect the additional pathogens that were included in routine
testing.

The International Reagent Resource (IRR, formerly known as
the Influenza Reagent Resource, https://www.internationalre-
agentresource.org/), an existing online reagent portal managed
by the Influenza Division at CDC, was modified to include primers
and probes for these 7 non-influenza respiratory viruses in order to
ensure availability of quality reagents. Vietnam’s NIC laboratories,
NIHE and PI-HCMC, already had access to the IRR for influenza sur-
veillance; through this current study, TIHE and PI-NT were newly
authorized to receive these reagents. All reagents procured through
the IRR were available to laboratories at no cost.

2.2 | Training for non-influenza viral diagnostics and
proficiency testing

To ensure accurate use of these diagnostic tests, CDC engaged the
Rls in a series of trainings. This included a 4-day in-country train-
ing of didactic and laboratory instruction held at the PI-HCMC in
August 2015. Topics covered laboratory safety; setup of a molecular
diagnostics laboratory; appropriate specimen collection, transport,
and storage; overview of real-time reverse transcriptase-polymer-
ase chain reaction (rRT-PCR); software data analysis of rRT-PCR; and
a discussion on the implementation of expanded SARI surveillance.
Regional institute personnel were trained to test for the panel of 7
non-influenza respiratory viruses as well as to test for Middle East
Respiratory Syndrome coronavirus (MERS-CoV) to increase prepar-
edness in the event of an outbreak.}'™*® Following this training, each
RI had an additional site visit by CDC experts, who offered guidance
that was specific to the needs of each laboratory.

After the first training, each of the Rls was provided with an ex-
ternal quality assessment (EQA) panel for respiratory viruses. This
EQA panel provided the laboratory with a series of samples intended
to mimic human respiratory specimens. While the types of patho-
gen were known by CDC, this information was not shared with the
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FIGURE 1 A, List of the SARI sentinel sites selected at the harmonization workshop. B, Map illustrating SARI sentinel sites’ geographic
distribution across Vietnam and the Regional Institute that cooperates with each sentinel site

Specimens

A

rRT-PCR screening for influenza A
and B

Positive

rRT- PCR for identification of influenza A subtypes
(H1pdm 09, H3 and H5*, H7*)

Negative

\4

rRT-PCR for identification of other pathogens
(RSV; HMPV; PIV 1,2,3; AdV; RV)

FIGURE 2 Testing algorithm for expanded SARI surveillance in Vietnam. *If samples are positive with subtypes of H5 and H7N?9, the labs
at TIHE and PI-Nha Trang will send samples to PI- HCMC and NIHE, respectively, for confirmation
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laboratories in an attempt to test the accuracy and proficiency of
each laboratory’s rRT-PCR capabilities. The Rls received an EQA
with 2 components, non-influenza respiratory viruses and MERS-
CoV. The non-influenza respiratory portion had a 7-component
panel that was available commercially (http://www.qcmd.org). This
panel contained RSV, hMPV, RV, AdV, and PIV1-3. The MERS-CoV
EQA panel was manufactured by CDC and contained 5 mock speci-
mens spiked with inactivated MERS-CoV.

The EQA specimens were processed according to the CDC non-
influenza respiratory virus rRT-PCR method, as part of the expanded
SARI surveillance protocol. The results were submitted to CDC for
evaluation and each laboratory received a confidential individual
performance report. Expected EQA performance was determined
by compiling baseline data at CDC using the same panels, assays,
and protocols that were used in Vietnam.

A second4-day training took place in Atlanta, Georgia, in July 2016,
hosted by CDC and the Association of Public Health Laboratories
(APHL). This included didactic and laboratory work, and was held at
the Laboratory of the Georgia Department of Public Health. This cur-
riculum reinforced prior topics as well as introduced new ones includ-
ing quality assurance/quality control, software for data analyses, and

information on reagent acquisition through the IRR.

2.3 | Harmonization and expansion of SARI
surveillance

Vietnam launched its expanded SARI surveillance initiative by hold-
ing a harmonization workshop in March 2016. The workshop was
hosted by GDPM and attended by personnel from the 4 Rls, CDC,
WHO, USAID, and PATH, formerly the Program for Appropriate
Technology and Health, an international non-governmental organi-
zation that has supported the development of a web-based platform
for SARI surveillance reporting. The 2-day workshop aimed to align
surveillance practices and ensure that all parties shared a common
vision of the new expanded surveillance process. Key elements iden-
tified at the workshop for strengthening and improvement included
case detection, specimen transport and storage, and laboratory
testing. Following the workshop, these elements were reviewed and
revised in the existing SARI surveillance guidance. Before 2016, sev-
eral of the sentinel sites and Rls were operating SARI surveillance
differently in terms of case definitions, testing algorithms, and epi-
demiology data collection forms. Not all sentinel sites had adopted
the 2014 revised SARI case definition, recommended internationally
by WHO. At the harmonization workshop, all sentinel sites agreed to
use the WHO 2014 SARI case definition.

Patient enrollment was discussed and aligned during the har-
monization workshop as follows: The first 2 cases of the day that
met the SARI case definition were selected for SARI enrollment to
minimize selection bias. Patients of all ages from the participating
wards would be considered for patient selection as long as they
met the SARI case definition. As was previously done for SARI sen-
tinel influenza surveillance, data collection forms were completed

via patient interview and nasopharyngeal and oropharyngeal
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swabs were collected from each enrolled patient. In severe cases,
endotracheal aspirates were also accepted as specimen types.

At the harmonization workshop, unified, practical specimen
transport guidance was agreed upon to maintain sample integrity
and promote sustainability. According to this guidance, both na-
sopharyngeal and oropharyngeal swabs from an individual patient
were stored in a single viral transport media (VTM) tube and trans-
ported once a week to the Rls by routine transportation systems.
Previously, the specimens were transported as soon as specimens
were collected, resulting in an unsustainable and expensive trans-
portation process.

At the harmonization meeting, sentinel sites for expanded
SARI surveillance were selected. The following criteria were used
for selecting the sites: prior engagement and/or performance
with SARI surveillance, representation from Vietnam’'s 8 eco-
logical regions, and commitment from the sentinel sites. A total
of 13 sentinel sites, 9 supported by CDC and 4 supported by
WHO, agreed to conduct expanded SARI surveillance, cooperate
fully with the Rls, and strictly adhere to the protocols outlined
in the revised SARI Surveillance Guidelines (Figure 1). Following
the harmonization workshop, the Rls reinforced these concepts
to the sentinel sites through periodic monitoring visits enabling
guidance and support.

The data reported in this article are from specimens collected

and tested following the revised SARI Surveillance Guidelines.

2.4 | Laboratory testing and data reporting

Specimens were collected at the sentinel sites and delivered once
a week to the laboratories of the Rls. Each of the Rls utilized the
reagents procured through the IRR for specimen analysis. At the RI
laboratories, total nucleic acid (TNA, ie, both ribonucleic acids and
deoxyribonucleic acids) was extracted from the specimens. The 7
non-influenza pathogens were tested by singleplex rRT-PCR assays,
designed by the Division of Viral Diseases at the National Center for
Immunization and Respiratory Diseases, CDC.1*1¢

Each week, epidemiology and laboratory data from the 4 RIs were
sent to the epidemiology team at NIHE who prepared a weekly report,
which was then distributed electronically to key public health stake-
holders and partners. Two notable modifications were implemented
to strengthen the data reporting process. GDPM designed improved
SARI surveillance data reporting forms for Rls to reduce manual data
cleaning at the regional and national levels, and GDPM, CDC, and
PATH worked collaboratively with the Rls to integrate the SARI sur-
veillance data into the digitized electronic data warehouse managed

by the public health emergency operation center at GDPM.Y

3 | RESULTS

From January 2016 until May 2017, there were 13 sentinel sites and
4 Rls that participated in expanded SARI surveillance (Table 1). The
following results explain the SARI surveillance expansion in Vietnam.
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3.1 | Laboratory algorithm and reagent procurement

The Rls implemented the modified testing algorithm that was agreed
during the harmonization meeting in March 2016. This new labora-
tory algorithm for testing SARI specimens was emphasized during
the in-country and the US-based laboratory trainings.

The RIs were provided with an initial reagent inventory to
start, comprised of 1 primer and probe kit for the Non-Influenza
Respiratory Virus rRT-PCR Panel (IRR product #GR-125) and 1
Non-Influenza Respiratory Virus rRT-PCR Positive Control (IRR
product #GR-77). This quantity of reagent was sufficient for each
laboratory to test approximately 800-900 specimens. Together,
the RI laboratories made 8 subsequent orders from the IRR for
expanded SARI surveillance reagents between September 2016
until July 2017.

3.2 | Training for non-influenza viral diagnostics and
proficiency testing

Each RI sent 3-4 individuals to participate in the 4-day training at
PI-HCMC. Two Vietnamese laboratorians, 1 from NIHE and 1 from
PI-HCMC, participated in the training workshop in Atlanta.

The 4 Rls completed the proficiency test panels, and their results
were shared electronically with CDC. These results were evaluated
for correct pathogen identification among a range of specimens. All
4 laboratories passed the EQA panels with 100% correct results.

3.3 | Harmonization and expansion of SARI
surveillance

After the harmonization workshop, the SARI Surveillance
Guidelines were revised and the sentinel sites agreed to partici-
pate in expanded SARI surveillance using the new protocol. The
SARI Surveillance Guidelines were approved by the Ministry of
Health in April 2017, making the document official regulation for
national SARI surveillance. Sentinel sites began implementing
the expanded SARI surveillance as early as January 2016; how-
ever, the majority of sites were collecting data by March 2016
(Table 1). One hospital withdrew their participation, reducing the
total number of active sites to 12. NIHE and GDPM discontinued
1 SARI site, the National Hospital of Tropical Diseases, in October
2016 and added Thanh Hoa Provincial General Hospital to im-
prove geographic distribution in Northern Vietnam and repre-
sentation of the patient population. Ha Giang Provincial General
Hospital stopped participating in SARI surveillance in November
2016. Hue Central Hospital temporarily stopped collecting SARI
samples from January 2017 until the time of writing due to admin-
istrative barriers. Other interruptions to data collection in Dien
Bien, Quang Ninh, and Dong Thap sentinel sites resulted from
delays in funding reaching the sites. Within the calendar year of
2016, the 4 RlIs conducted a total of 42 monitoring visits to their
respective sentinel sites, ranging between 2 and 4 monitoring vis-

its per site per year.

3.4 | Laboratory analysis and data reporting

Between March 2016 and March 2017, a total of 41 271 patients
met the SARI case definition at the sentinel sites. Specimens from
4003 SARI patients were collected and sent to the Rl laboratories
for testing. The age distribution of sampled SARI patients and the
median age per site are reported in Table 2. A total of 810 (20.2%)
specimens were positive for influenza virus, with the following
breakdown: 307 influenza A H1IN1, 216 influenza A H3N2, and
298 influenza B (Table 3). Eleven specimens were positive for 2
influenza viruses.

All 3193 influenza-negative samples were tested for each of
the 7 non-influenza respiratory viruses. Of these, 1337 (41.8%)
specimens were positive for at least 1 non-influenza respiratory
virus. The number and proportion positive for each virus is as fol-
lows: 518 (16.2%) RSV, 428 (13.4%) RV, 308 (9.6%) AdV, 175 (5.5%)
PIV3, 156 (4.9%) hMPV, 115 (3.6%) PIV1, and 29 (0.9%) PIV2 (see
Table 3 for results by sentinel site). Nearly half of all SARI spec-
imens—1856 (46.4%)—were negative for influenza virus as well
as the 7 common non-influenza respiratory viruses. Of all of the
samples tested for non-influenza viruses, 11% were positive for
more than 1 virus. There were 314 specimens with 2 viruses, 36
with 3 viruses, and 2 specimens with 4 viruses. Combinations of
AdV, RSV, and RV constituted the 3 most common co-infection
combinations. Table 4 provides a detailed breakdown of these
data.

The data generated from expanded SARI surveillance were
communicated by email through routine weekly reports sharing
laboratory data and presenting summary analyses. From March
2016 until March 2017, 45 weekly reports were prepared by NIHE
and sent to surveillance stakeholders. The web-based platform
for SARI data entry and integration into the Vietnam data ware-
house continues to be developed. In May 2017, PATH shared a
demonstration version of the web-based platform to GDPM, Rls,
and sentinel sites. As of August 2017, several sentinel sites were
using the platform as beta-testers to provide feedback to PATH
for improvement.

4 | DISCUSSION

Expanding respiratory viral surveillance by strengthening and build-
ing upon an influenza platform is possible, efficient, and practical.
This approach has been demonstrated by Vietnam’s Ministry of
Health.

The present study shows that a relatively large proportion of
SARI specimens were positive for influenza virus (20.5%). This was
similar to studies in other parts of the world, including New Zealand
from 2006 to 2010 (22.7%)* and Thailand from 2004 to 2010
(21%).19 This was 4 times the proportion, however, of influenza-
positive SARI patients in Southern Vietnam between 2008 and 2010
(5.1%).2° While it is tempting to speculate these differences could be
because of a change in disease trends, valid comparisons between
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TABLE 2 The total number of patients admitted to the sentinel hospitals that met the SARI case definition, the number of those SARI
patients from whom specimens were taken, and the age distribution and median age of sampled SARI patients from each sentinel site

Total number of Number of SARI

Sentinel sites SARI patients patients tested

National Pediatric 10 142 506
Hospital (NPH)

National Hospital of 258 113
Tropical Diseases
(NHTD)

Ha Giang Provincial 211 160
General Hospital

Dien Bien Provincial 318 165
General Hospital

Quang Ninh Provincial 201 80
General Hospital

Thanh Hoa Provincial 217 74
General Hospital

Hospital of Tropical 443 398
Diseases in HCMC

Children Hospital #1 in 17 071 505
HCMC

An Giang Provincial 1113 426
General Hospital

Dong Thap Provincial 1892 180
General Hospital

Khanh Hoa Provincial 3073 470
General Hospital

Hue Central Hospital 3343 416

Dak Lak Provincial 2989 510
General Hospital

Total 41271 4003

SARI, severe acute respiratory infection.

these data can be challenging in light of variability in seasons and
testing methods.

While influenza viruses remain a significant burden of SARI
cases in Vietnam, this study showed that non-influenza-positive
specimens were more than twice as prevalent with other respiratory
viruses (41.8%). There are only few studies that have investigated
non-influenza respiratory viruses in SARI patients of Vietnam? or
in the South-East Asia region.’®? Some studies have examined non-
influenza viruses in select patient populations such as children,?24
refugees,? or hospitalized and non-hospitalized patients with respi-
ratory disease.?® Gaps still exist, however, in understanding which
viruses cause SARI in Vietnam.

This study found that the most common non-influenza respira-
tory viruses were respiratory syncytial virus, rhinovirus, and adeno-
virus (16.2%, 13.4%, and 9.6%, respectively). Research from Southern
Vietnam, found that 14.3% of SARI specimens were positive for
RSV.2° Studies of Vietnamese pediatric patients with acute respira-
tory infections identified 23.8% and 23% as positive for RSV.27:28

As RSV is believed to be the most common pathogen causing acute

Age of SARI patients tested

Median age of SARI
<ly 1to<5y 25y patients tested
293 (55.7%) 177 (35.0%) 36 (7.1%) 0.8

2(1.8%) 1(0.9%) 110 (97.3%) 45.5
0 7 (4.4%) 153 (95.6%) 29.5
1(0.6%) 14 (8.5%) 150 (90.9%) 34
0 0 80 (100%) 52
0 0 74 (100%) 54
13 (3.3%) 110 (27.6%) 275 (69.1%) 39.9
136 (26.9%) 343 (67.9%) 26 (5.1%) 3.1
0 0 426 (100%) 53.4
84 (46.7%) 58 (32.2%) 38(21.1%) 14.3
128 (27.2%) 83 (17.7%) 259 (55.1%) 2.2
194 (46.6%) 207 (49.8%) 15 (3.6%) 1
103 (20.2%) 134 (26.2%) 273 (53.5%) 17

954 (23.8%) 1134 (28.3%) 1915 (47.8%)

lower respiratory infections in children,? it is predictable and con-
sistent with our findings that the proportion of RSV in pediatric-
specific populations is higher compared to SARI cases among all age
categories. The proportion of rhinovirus in SARI patients found in
this study (13.4%) is similar to what has been detected in hospitalized
patients with respiratory symptoms in Khanh Hoa Province Vietnam
in 2008-2010 (10.2%).%° A study examining SARI patients from
South Africa in 2009-2010 detected that 13.3% were positive for
adenovirus®® which is similar but slightly higher than the proportion
we found in Vietnam SARI patients (9.7%). The same South African
study found a much higher proportion of SARI patients positive for
rhinovirus compared to our findings in Vietnam (24.9% compared to
13.4%), perhaps suggesting geographic or environmental variation.
A limitation of this study was that only influenza-negative spec-
imens were tested for non-influenza respiratory pathogens. Given
this testing algorithm, the study is not able to provide data on co-
infection of influenza and non-influenza viruses. Additionally, while
the presence of laboratory positive non-influenza viruses may sug-

gest they are an etiologic agent responsible for clinical disease,
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TABLE 4 Combination and number of

Virus combination # SARI cases Virus combination # SARI cases non-influenza respiratory viral co-
AdV - RV 63 PIV3 - RSV - RV 3 infections from expanded SARI
RSV - RV 52 hMPV - AdV - PIV3 3
AdV - RSV 48 PIV2 - RV 2
PIV3 - RV 27 PIV1 - RSV - RV 2
PIV3 - RSV 22 PIV1 - PIV3 - RSV 2
AdV - PIV3 21 AdV - PIV3 - RSV 2

hMPV - RV 15 AdV - PIV1 - RSV 2

hMPV - AdV 12 AdV - PIV1 - PIV3 2
PIV1 - RV 10 PIV2 - RSV 1
PIV1 - RSV 10 PIV2 - PIV3 1
AdV - PIV1 9 AdV - PIV3 - RSV - RV 1
AdV - RSV - RV 8 AdV - PIV2 1

hMPV - PIV3 8 AdV - PIV2 - RV 1

hMPV - RSV 7 hMPV - PIV3 - RV 1
AdV - PIV3 - RV 5 hMPV - PIV1 1
PIV1 - PIV3 4 hMPV - AdV - RSV 1
AdV - PIV1 - RV 4 hMPV - AdV - PIV3 - RV 1

SARI, severe acute respiratory infection.

given the sensitivity of the rRT-PCR platform and the unclear role of
non-influenza viruses in virulence, this conclusion warrants further
research.3-34

The 7 non-influenza respiratory viruses used in this study were
selected based on historical data demonstrating their potential in-
volvement in respiratory infections, as well as their potential for
future vaccine development.}1¢35%% Of the 7 viruses, significant
progress has been made toward RSV vaccine development; however,
despite several potential candidates, some of which advanced to clin-
ical trials, no vaccine so far is both safe and effective.*® Establishing
baseline data for these viruses in people with SARI helps to provide
evidence to GDPM to guide public health decision-making. For ex-
ample, if an RSV vaccine were to be developed and administered as
a public health intervention in Vietnam, characterizing the benefit
of the vaccine would be contingent upon knowing how severely the
virus impacted the Vietnamese population before the intervention.
Similarly, epidemiological data regarding these non-influenza respi-
ratory viruses could help GDPM prioritize how and where to focus
limited public health resources.

This study provides valuable information regarding the preva-
lence of non-influenza respiratory viruses in Vietnam; however, it
represents only a first step toward understanding their burden of
disease. While the catchment population of the sentinel sites is un-
known, the representativeness of the sampled population can be
considered from the makeup of the sentinel sites themselves. Eight
of the sites are provincial hospitals, 4 are located in major cities,
Hanoi and Ho Chi Minh City, and 2 are pediatric hospitals. In gen-
eral, in Vietnam, public hospitals are visited by people with financial
resources, whereas poor families often use commune health cen-

ters.** In addition, healthcare utilization is reported to be 3-4 times

higher in urban areas than in the mountainous regions in the north or
central regions of the country.*? As such, the SARI sentinel sites may
be under representing poor individuals, especially from rural or re-
mote areas. Because some of the SARI sites were pediatric hospitals,
the age distribution was skewed, and 52.1% of the SARI specimens
tested were in patients <5 years. This age distribution may have bi-
ased the results toward increased RSV detection. In addition, de-
spite finding a large proportion of SARI specimens positive for RSV,
it is not well understood whether the SARI case definition is appro-
priate for RSV,*® and because of this, some proportion of RSV cases
may have been missed. Future research on non-influenza respiratory
viruses in Vietnam should attempt to calculate the burden of disease
as well as to improve the understanding of patient clinical profiles
associated with them.

In addition, while the process of expanded SARI surveillance
has improved Vietnam'’s ability to collect and analyze data on non-
influenza respiratory viruses, the operational costs required to sus-
tain SARI surveillance in Vietnam are not negligible. Costs included
the organization of epidemiologic and laboratory trainings, collec-
tion materials, transportation costs, laboratory reagents, human re-
sources, and support for supervisory visits. During the expansion
of the SARI surveillance platform, interruptions in funding caused
delays at sentinel sites in procurement of sampling supplies; and
occasionally, such interruptions halted SARI surveillance data col-
lection at sites altogether. Delays in data reporting from the Rls in
some cases hindered data aggregation and the weekly surveillance
reports, although limited human resources also contributed to occa-
sional gaps in weekly report distribution. Identifying sustainable fi-
nancial support mechanisms to ensure future surveillance for SARI is

currently being discussed by all parties. The Government of Vietnam
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is currently examining their capabilities for sustaining SARI surveil-
lance for influenza and other respiratory viruses and considering
respiratory surveillance through different event-based surveillance
approaches.

In spite of these limitations, the existence of a SARI surveil-
lance network in Vietnam provided a platform for collecting data
on important non-influenza respiratory viruses, and the process
of expanding the system offered an opportunity to revisit the data
collection and analysis practices that were routine for SARI surveil-
lance. As a multistep process, the expansion and strengthening of
SARI surveillance continued to develop throughout 2016 and 2017,
and will likely continue to improve with further attention and re-
finement to the system. The future integration of the expanded
SARI surveillance data into the GDPM data warehouse offers ad-
ditional potential benefit of reduced delays due to data sharing, re-
duced need for manual data curation, as well as provision of data
to the public health emergency operation center for routine data
analysis.”

The process of expanding SARI surveillance to test for non-
influenza respiratory viruses has engaged numerous organizations
in Vietnam ranging from sentinel hospitals, RlIs to GDPM and inter-
national donor organizations. Additionally, in the era of GHSA the
study demonstrates an ability to enhance and expand surveillance
by building and extending upon existing in-country capacities.
While these data provide valuable initial insight into the burden
of severe respiratory disease, the real value will only be realized
over time as data are collected and analyzed consistently through
multiple years. Such data can be used to understand seasonality,
contribution by various pathogens to respiratory disease burden,
and the risk groups of these noninfluenza respiratory viral patho-

gens in Vietnam.
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