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ABSTRACT 
As the gold standard to monitor poliovirus transmission in population, Acute Flaccid Paralysis (AFP) 
surveillance that we conducted found only about <1% poliovirus circulation appeared as paralysis cases. 
Therefore, we need Polio Environmental Surveillance as supplemental surveillance that can detect poliovirus in 
the environment to stop the poliovirus transmission. Polio Environmental Surveillance has been established in 
several countries and Indonesia started since 2016. This study aimed to analyze the Environmental Surveillance 
in monitoring poliovirus circulation in Indonesia. One Liter wastewater sample from wastewater treatment plant 
(WWTP), communal septic tank and open canal collected by grab method and send to the National Polio 
Laboratory Network. Samples were concentrated using the Two-Phase Separation Method and inoculated in 
both RD and L20B cell lines. Poliovirus identification using PCR and sequencing was carried out on positive 
isolates. Data analysis was performed on the 2016-2018 results. Two-point six percent (4) poliovirus and 39.5 
% (60) Non-Polio Enterovirus (NPEV) were isolated from 152 samples were received at National Polio 
Laboratory Network. Three out of 152 samples were positive both poliovirus and NPEV. All Positive results 
were only found on the sample collected from wastewater treatment plants and communal septic tanks. Polio 
Environmental Surveillance in Indonesia has been giving information on the poliovirus circulation in the 
environment. A proper selection of the sampling site is needed to provide valuable information. 
Keywords: environmental surveillance, poliovirus, sewage sample  

1. INTRODUCTION

The polio eradication program has succeeded in reducing 
more than 99% of cases of paralytic paralysis caused by 
the wild poliovirus. Through the Expansion Program of 
immunization (EPI) that has been started since 1995 in 
Indonesia, wild poliovirus is no longer found by 
laboratory evidence through virological examination of 
stool specimens from acute flaccid paralysis (AFP) 
surveillance [1-4]. AFP Surveillance is the gold standard 
for monitor the poliovirus transmission in the polio 
erdication program. All paralysis cases according to AFP 
criteria were collected the specimens and examined in the 
laboratory to ensure the paralysis was not caused by the 
poliovirus. An active and sensitive surveillance system is 
needed to minimize undetected AFP cases [5-7]. The 
poliovirus infection rate is much higher than the AFP 
cases because only a small portion of the population 
infected with the poliovirus appears paralyzed. All 
populations infected with the poliovirus whether 
presenting paralysis symptoms or not excrete the 
poliovirus through their stools within a few weeks and 
cause the environment contamination. Silent circulation 
of the poliovirus from excretion of feces in asymptomatic 
populations to be serious concern because it can infect the 
susceptible populations and cause paralysis. For this 
reason, additional surveillance is needed to monitor the 

poliovirus circulation in the environment and provide 
valuable data for polio eradication program [7-11]. 
Polio environmental surveillance (ES) has established in 
several countries. The implementation of this program has 
provided evidence of the elimination of wild poliovirus in 
Egypt and India and detected the wild poliovirus 
circulation in free polio status areas such as Israel. 
Environmental Surveillance can detect wild polioviruses 
in endemic areas such as Nigeria.12-16 Based on The 
Polio Eradication & Endgame Strategic Plan 2013-2018, 
the ES will be established in priority countries or 
additional the number of sampling sites other than the 
existing sites in in countries that have started ES including 
Indonesia. Indonesia has the risk of importing wild polio 
virus from endemic countries and circulated Vaccine 
Derived Polio Virus (cVDPV) as happened in 2005 [4,17-
18]. 
Environmental surveillance in Indonesia started in the 
province of DI Yogyakarta as part of the IPV pilot project 
in 2004 - 2014 then continued with a research about 
environmental polio characterization in 2015 in DI 
Yogyakarta and DKI Jakarta.19-20 At the end of 2016 
Indonesia started environmental surveillance as part of 
eradication program in two province DI Yogyakarta and 
DKI Jakarta and in 2018 the sampling site expanded into 
9 Provinces. Environmental surveillance with proper 
location provides valuable information of poliovirus 
circulation, especially when AFP surveillance 
performance is not optimal. The combination of AFP and 
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environmental surveillance can be used to identify high 
risk areas and specific target for vaccination. There are 
several point should be considered in environmental 
surveillance including proper sampling site, collection 
method, samples transportation and laboratory ability. 
This paper describes the environmental surveillance 
progress in Indonesia and the challenges throughout this 
program.   

2. METHOD

Sampling Site 
The sampling site is determined by directorate 
surveillance and health quarantine, sub-directorate 
surveillance, Indonesian Environmental Health and 
Disease Control Bureau (BTKL) and provincial/district 
Health Office. Sampling site selection determine by high 
risk for poliovirus transmission based on population 
characteristics, density, immunization coverage, and 
household wastewater system. Site selection also 
considers the time and feasibility of samples 
transportation to the laboratory. The recommended 
sampling site is inlet to integrated wastewater treatment 
plant (WWTP). Communal septic tanks or open canal can 
be an alternative sampling site if integrated sewage 
treatment plants are not available. Sample collected at the 
WWTP inlet was done in the DKI Jakarta province (PD 
Pal Jaya), DI Yogyakarta province (sewon Bantul), and 
South Kalimantan province (Pekapuran Raya, Banjar 
baru) while samples from the open canal were collected in 
the East Java provinces, Papua, North Sulawesi ( Bitung), 
Maluku (Ambon), and South Sumatra Province 
(Palembang city) were taken from communal septic tank. 
Sampling Technique 
One liter wastewater sample is collected using grab 
complied with the World Health Organization (WHO) 
guidelines. Samples are collected at peak time (6 - 9 am) 
where defecation activity is higher. Samples are not 
recommended to be collected after 9 am to avoid the 
sunlight. Samples are collected. by trained staff from 
BTKL every 2 weeks for DKI Jakarta province and every 
month for other sampling site. Samples are sent to Polio 
Laboratory Network using a reverse cold chain.   
Processing sample and Isolation 
Samples are concentrated immediately within 24 hours 
after received in laboratory using two separation method. 
The sample extracts are inoculated in 5 TC Flask L20B 
and 1 TC Flask RD cell lines. Sample are examined in the 
same way as stool specimens from AFP cases. The 
guideline was established by WHO.  
Identification 
All positive isolates from L20B arm should be performed 
Intratipyc Differentiation (ITD) test for poliovirus 
identification using Real-time Poly Chain Reaction 
method. Isolate with Sabin result should be followed by 
VDPV assay. The isolate showing contradiction between 
ITD and VDPV assay should be sequenced for further 
characterization. 

3. RESULTS AND DISCUSSION
Polio environmental surveillance for programmatically to 
supplement AFP surveillance has been used since August 
2016 in 2 province and was expanded to 9 province with 12 
sampling site. The samples are collected at inlet of WWTP, 
communal septic tank and open canal 1 time per month 
except WWTP DKI Jakarta. Samples are collected from 
WWTP in DKI Jakarta collected 2 times per month. The 
total number sampling site and samples are collected in 
2016-2018 are shown in figure 1 and 2. 

Figure 1. Sampling site of Polio Environmental 
Surveillance in Indonesia 2016 – 2019 

Figure 2. No of Sample were Received in Laboratory 

Virus examination result shown there is no wild poliovirus 
at wastewater samples, vaccine poliovirus are found in 
2,6% wastewater samples are collected from WWTP and 
Non Polio Enterovirus (NPEV) find in 39,5% samples are 
received in the laboratory. The laboratory result of 152 
wastewater samples are shown in figure 3 and 4. 

Figure 3. Environmental surveillance result 2016-2018 

2016 (Indonesia) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

DI Yogyakarta

DKI Jakarta

2017 (Indonesia) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

DKI Jakarta

Jawa Timur

DI Yogyakarta

2018 (Indonesia) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

DKI Jakarta

Jawa Timur (sby)

Jawa Timur (sidoarjo)

Kalsel

Sumsel

Papua Sungai Tami

Papua Kali Merah

Papua Kali acay

DI Yogyakarta

Makasar

Bitung

Ambon

Negative for poliovirus & NPEV Type 1 VDPV Type 1 Sabin Wild poliovirus type 1

Result pending Type 2 VDPV Type 2 Sabin Wild poliovirus type 3

Sampling not scheduled Type 3 VDPV Type 3 Sabin NPEV

Type 1 Sabin + 3 Sabin
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Figure 4. Proportion of  Positive Result from sample source 

Polio Environmental surveillance has succeeded in 
detecting poliovirus circulation among wild poliovirus, 
sabin poliovirus and VDPV [8,21-22]. Several countries 
was encouraged to implement envinvonmental surveillance 
in order to detect residual transmission of poliovirus and 
early detection for poliovirus transmission before AFP 
cases appear or without AFP cases. The countries with low 
vaccination coverage or reported wild poliovirus and 
cVDPV in the recent year should implement environmental 
surveillance or strengthen existing environmental 
surveillance by expanding the sampling site. Low 
immunization coverage in some areas in and have reported 
cVDPV outbreaks in 2005 lead Indonesia as high risk 
country for poliovirus transmission and environmental 
surveillance must be enhanced and expanded. 
Environmental surveillance is required to monitor the 
cessation of type 2 poliovirus after withdrawal Oral Polio 
Vaccine (OPV) type 2 from tOPV [18].    
The WWTP only available in some areas in Indonesia and 
communal septic tanks accommodate limited amount of 
household waste, so open canal is an alternative as sampling 
site in most area. Poliovirus can be detected in wastewater 
samples from open canal if the requirements such as 
population density and household wastewater flow into 
canal. Wild poliovirus was successfully isolated from 
wastewater are collected from open canal in India and 
Nigeria. Since environmental surveillance are implemented, 
there is no wild poliovirus and VDPV found in samples are 
collected from all sampling site. Vaccine/sabin poliovirus 
are isolated from samples are collected from WWTP. 
Environmental surveillance should reveal the sabin 
poliovirus strain in population are immunized with OPV. 
The cessation of type 2 poliovirus also successfully 
documented through environmental surveillance after 
switching tOPV to bOPV was implemented [20].  Type 2 
poliovirus with 1-5 nucleotida changes are inoculated from 
WWTP samples at DKI Jakarta in 2015 [20]. The 
worldwide switch trivalent to bivalent OPV in 2016, the risk 
of cVDPV2 has been reduced [23].  
Environmental also can inoculate non polio enterovirus 
(NPEV) which was used as a criteria of satisfactory 
performance of environmental surveillance. At least 30% of 
concentrated wastewater from grab samples should reveal 
NPEV and in areas with Oral Polio Vaccine immunized 

populations, environmental surveillance should also reveal 
sabin like strains. NPEV found in > 30% wastewater 
samples are collected from WWTP but NPEV only found in 
2% waste water are collected from open canal. Sabin 
poliovirus only detected in 4 wastewater samples (2.6%) 
were collected from WWTP and 3 of them also detected 
NPEV. Poliovirus and other enterovirus is difficulty to 
inoculate due to low concentration [24].  A low positive 
rate, especially in wastewater from the open canal, can be 
caused due to difficulty finding the ideal location for 
sampling sites for environmental surveillance in Indonesia. 
Limited numberof WWTP, Indonesian geography, 
household sewer systems by an individual septic tank, 
scattered residents with densely populated only in urban 
areas cause the preferable size of the source population is 
100.000–300.000 are difficult to obtain. Furthermore, the 
difference time of defecation activity, water flow rate and 
the presence of chemical waste flow from the home 
industry, improper sampling time and handling sample 
transportation due to the distance of the sampling site is far 
from the laboratory lead the virus concentration decreased. 
A negative result on the sample cannot be interpreted as a 
lack of circulation of the poliovirus. Negative results can be 
caused by incorrect site selection, improper sampling, 
transportation to the laboratory and accuracy of laboratory 
tests. Need an assessment and evaluation if negative results 
are obtained for a long time. ES with the proper of the 
sampling site, sample collection, sample handling, sample 
transportation, and the laboratory examination could be 
supplementary surveillance to support AFP surveillance 
eradication program [6,25-26].   

4. CONCLUSION

Polio Environmental surveillance is implemented in 
Indonesia although representing selected high-risk areas by 
following WHO's recommendations are not fully met. 
Environmental surveillance successfully detects poliovirus 
in the environment and provides valuable data in 
monitoring the poliovirus circulation in Indonesia. There 
are many challenges in implementing environmental 
surveillance in Indonesia including the characteristics of 
sewage systems, adequate population sizes, and 
geographical conditions. Proper assessment and review 
performance of sampling sites based on performance 
standards are needed to determine the continuation of the 
existing sampling site and for expansion to new Locations. 
A team work involving the related departments is needed 
to determine the sampling site is close to the WHO criteria. 

ACKNOWLEDGMENT 

The author would like to thank colleagues at the National 
Polio Laboratory (NPL) of the Biomedical and Basic 
Technology Center for Health, National Institute of Health 
and Research Development Jakarta,  NPL PT Biofarma 
Bandung,  Indonesian Environmental Health and Disease 
Control Berau, and sub-directorate surveillance epidata 

Advances in Health Sciences Research, volume 22

204



staff who have assisted in collecting sample, laboratory 
examinations, and completeness of data. The author also 
would like to acknowledge Ratih Rinendyaputri, SKH, 
M.Biomed who has provided advice in the completion of
this article.

REFERENCES 
[1] José E. Hagan, MD, Steven G.F. Wassilak, MD,

Allen S. Craig, et al. Progress Toward Polio
Eradication — Worldwide, 2014–2015, Morbidity
and Mortality Weekly Report. 2015 ; 64 (19).

[2] Olen M. Kew, PhD, Stephen L. Cochi, MD, Hamid
S. Jafari, MD, et al. Possible Eradication of Wild
Poliovirus Type 3 — Worldwide 2012. Morbidity
and Mortality Weekly Report. 2014;63(45) :1031-
1033.

[3] WHO. Western Pacific Region maintaining
poliofree status, regional strategic plan 2008-
2012.[cited: 2019 September 27]. Available from:
http://www.wpro.who.int/immunization
/documents /docs/PolioStrategicPlan .

[4] Ismoedijanto. Progress and challenges toward
poliomyelitis eradication in Indonesia. Southeast
Asian J Trop Med Public Health. 2003;34;598-607.

[5] WHO. WHO-recommended surveillance standard
of selected vaccine preventable diseases. [cited:
2018 Jan 9]. 2008. Available from: 
https://www.who.int/immunization/monitoring_su
rveillance/ 
burden/vpd/surveillance_type/active/poliomyelitis
_standards/en/. 

[6] WHO. Polio Laboratory Manual. 4th edition. 2004
[7] WHO. Guidelines for environmental surveillance

of poliovirus circulation. 2003
[8] Shulman LM, Martin J, Sofer D, et al. Genetic

analysis and characterization of wild poliovirus
type 1 during sustained transmission in a
population with >95% vaccine coverage, Israel
2013. Clin Infect Dis 2015; 60:1057–64.

[9] Humayun Asghar,1 Ousmane M. Diop,3 Goitom
Weldegebriel,4 Farzana Malik,6 Sushmitha
Shetty,8 Laila El Bassioni,2 Adefunke O.
Akande,5 Eman Al Maamoun,2 Sohail Zaidi,7
Adekunle J. Adeniji,5 Cara C. Burns,9 Jagadish
Deshpande,8 M. Steve Oberste,9 and Sara A.
Lowther9.  Environmental Surveillance for
Polioviruses in the Global Polio Eradication
Initiative.  The Journal of Infectious Diseases
2014;210(S1):S294–303.

[10] Melnick JL, Ledinko N. Development of
neutralizing antibodies against the three types of
poliomyelitis virus during an epidemic period; the
ratio of inapparent infection to clinical
poliomyelitis. Am J Hyg. 1953;58:207–22 .

[11] Penttinen K, Patiala R. The paralytic/infected ratio
in a susceptible population during a polio type I
epidemic. Ann Med Exp Biol Fenn. 1961.

[12] El Bassioni L, Barakat I, Nasr E, et al. Prolonged
detection of indigenous wild polioviruses in
Sewage from communities in egypt. Am J Epid
2003; 158:807–15*

[13] Deshpande JM, Shetty SJ, Siddiqui ZA.
Environmental surveillance system to track wild
poliovirus transmission. Appl Environ Microbiol.
2003; 69:2919–27.*

[14] Chowdhary R, Dhole TN. Interrupting wild
poliovirus transmission using oral poliovirus
vaccine: environmental surveillance in high-risks
area of India. Journal of Medical Virology 2008;
80: 1477–1488*

[15] Manor Y., et al. “Detection of poliovirus
circulation by environmental surveillance in the
absence of clinical cases in Israel and the
Palestinian authority”. Journal of Clinical
Microbiology 37.6 (1999): 1670-1675.**

[16] Nicksy Gumede1, Joseph Okeibunor1, Ousmane
Diop2, Maryceline Baba1, Jacob Barnor1, Salla
Mbaye1, John¬son Ticha1, Goitom 
Weldegebriel3, Humayun Asghar4, Pascal 
Mkanda.  Progress on the Implementation of 
Environmental Surveillance in the African Region, 
2011-2016. J Immunol Sci (2018); S (004): 24-
30*** 

[17] WHO.  Polio Eradication & Endgame  Strategic
Plan 2013-2018. [cited 2019 Sept 12]. 2012.
Available from http://polioeradication.org/who-
we-are/strategic-plan-2013-2018/.

[18] WHO. Polio Environmental Surveillance
Expansion Plan. [cited 2019 Sept 12]. 2015.
Available from http://polioeradication.org/wp-
content/uploads/2016/07/9.6_13IMB.pdf.

[19] Gendro Wahjuhono, Revolusiana, Dyah
Widhiastuti, Julitasari Sundoro, Tri Mardani, Woro
Umi Ratih, Retno Sutomo, et.al. Switch From Oral
to Inactivated Poliovirus Vaccine in Yogyakarta
Province, Indonesia: Summary of Coverage,
Immunity, and Environmental Surveillance. The
Journal of Infectious Diseases.
2014;210(S1):S347–52

[20] Heriyanto, Bambang, Nike Susanti, and Vivi
Setiawaty. Characterization and Identification of
Poliovirus from the Environment in Indonesia
2015. Bali Medical Journal .2018; 7(3) : 539-543.

[21] Ticha Johnson Muluh, Abdullahi Walla Hamisu,
Kehinde Craig, Pascal Mkanda, Etsano Andrew,
Johnson Adeniji, et.all. Contribution of
Environmental Surveillance Toward Interruption
of Poliovirus Transmission in Nigeria, 2012–2015.
The Journal of Infectious Diseases
2016;213(S3):S131–5.

[22] Gumede N, Okeibunor J, Diop O, Baba M, Barnor
J, Mbaye S, Ticha J, Weldegebriel G, Asghar H,
Mkanda P. Progress on the Implementation of
Environmental Surveillance in the African Region,
2011-2016. J Immunol Sci (2018); S (004): 24-30.

[23] Bandyopadhyay AS, Garon J, Seib K, Orenstein
WA. Polio vaccination: past, present and future.
Future Microbiol 2015; 10:791–808.

[24] Ahmed W, Gyawali P, Toze S. Evaluation of glass
wool filters and hollow-fiber ultrafiltration
concentration methods for qPCR detection of
human adenoviruses and polyomaviruses in river
water. Water Air Soil Pollut. [cited: 2019 oct 1].
2016; 227. Available at:
https://www.researchgate.net/publication/3057012
96

[25] Ward RL, Knowlton DR, Winston PE. Mechanism
of inactivation of enteric viruses in fresh water.
Appl Environ Microbiol 1986; 52:450-9.

[26] Silverman AI1, Nguyen MT, Schilling IE, Wenk J,
Nelson KL. Sunlight inactivation of viruses in
open-water unit process treatment wetlands:
modeling endogenous and exogenous inactivation
rates  Environ Sci Technol. 2015 Mar
3;49(5):2757-66.

Advances in Health Sciences Research, volume 22

205


