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The laboratory diagnosis of SARS-CoV-2 infection comprises the informational cornerstone in the effort to contain the infections. Therefore, the ability to leverage laboratories' capacity in diagnostic testing and to increase the number of people being tested are critical. This paper reviews the readiness of Indonesian laboratories during the early months of the pandemic. It discusses the success of cross-sectoral collaboration among previously siloed national and sub-national government institutions, international development agencies, and private sector stakeholders. This collaboration managed to scale-up the COVID-19 referral laboratory network from one Ministry of Health NIHRD laboratory in the capital to 685 laboratories across 34 provinces. However, this rapid growth within 12 months since the first Indonesian case was discovered remained insufficient to cater for the constantly surging testing demands within the world's fourth most populous country. Reflecting on how other countries built their current pandemic preparedness from past emergencies, this paper highlights challenges and opportunities in workforce shortage, logistic distribution, and complex administration that need to be addressed.
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INTRODUCTION

Healthcare systems across the world have been placed under sustained pressure during the COVID-19 pandemic. The laboratory diagnosis of SARS-CoV-2 infection is the informational cornerstone in the efforts to contain the infections. Therefore, the needs to leverage the laboratories' capacity in diagnostic testing and to increase the number of people being tested quickly became critical issues globally (1–4). Several countries were able to conduct successful COVID-19 countermeasures through adequate laboratory diagnostic testing provision from the early stages of the pandemic. In Australia, its exemplary laboratory response was rooted in the previous infectious disease responses (for SARS-CoV-1 in 2003 and H1N1 Influenza pandemic in 2009), resulting to an integrated surveillance systems and automated testing platforms that were used and expanded, thus enabling laboratories to reach a larger testing capacity as needed (5). Similarly, Saudi Arabia's prior experiences (for H1N1 Influenza pandemic in 2009 and MERS in 2013) allowed for a greater preparedness and an effective response to the current pandemic (6). Additionally, South Korea is another example of a country that rapidly adapted its COVID-19 testing response, maintaining around 600 screening and testing centers through a close collaboration with the private sector, with its testing capacity reaching 110,000 tests as of November 2020 (7).

The utilization of rapid laboratory COVID-19 diagnosis can impact a number of activities, such as triage, the management of patients, as well as the prevention of sustained nosocomial infections (8). Additional laboratory tests, such as for neutrophilia and d-dimer levels, were found to be useful indicators for identifying hospitalized COVID-19 patients at a higher risk for illness severity and complications (9–11). From an epidemiological perspective, COVID-19 sequences allow the identification of variants of interest and variants of concern, such as fixed genomic mutations that might be associated with higher transmission and even mortality (12).

The number of COVID-19 confirmed cases continues to increase since its first reported cases in December 2019, reaching 115,578,778 total cumulative cases worldwide with 2,567,922 death by early March 2021 (13, 14). In Asia, the three countries reporting the highest numbers of cases are India (11,156,923), Iran (1,665,103), and Indonesia (1,361,098). Indonesia, the most populous country in Southeast Asia, reported the highest cumulative cases among others in the region (13, 14).

This paper focuses on Indonesia, the world's largest archipelagic country with highly fragmented geographical territory; world's fourth most populous nations with diverse culture and complex national-subnational decentralized governance that may create additional challenges in providing a harmonized laboratory diagnostic capacity. The focus in this manuscript is on the readiness of laboratories in Indonesia during the early months of the pandemic, as well as its resource requirements for subsequent surge in diagnostic capacity. We also describe the responses and policies related to COVID-19 testing in Indonesia, so that any relative weaknesses and strengths are reviewed within their respective context.



OVERVIEW OF THE COVID-19 SITUATION IN INDONESIA

Indonesia announced its first laboratory confirmed SARS-CoV-2 case on March 2nd, 2020 which was in its capital, DKI Jakarta province (on Java island). Within the next 2 weeks, the disease had spread to adjacent provinces (West Java and Banten), and also outside of Java island, namely in the North Sumatera and East Kalimantan provinces. It only took 25 days to reach a further 19 provinces. By mid-April 2020, i.e., 45 days later, it had spread throughout all 34 provinces, while DKI Jakarta, West Java, Central Java, and South Sulawesi were the provinces reporting the highest cumulative cases nationally (15). The total laboratory confirmed cases by April 2020 (a month after the first case) reached 1,790, with 112 patients recovered, 170 deceased, and ~100 new cases per day, testifying to an active on-going transmission. A year later, by March 5th, 2021, the total confirmed cases reached 1,361,098, with 1,176,356 (86.4%) patients recovered, 36,897 (2.7%) patients deceased, and over 7,000 new cases per day. The number of active cases was 147,845, or 10.9% of the total cumulative cases (16).



COVID-19 DIAGNOSTIC LABORATORY CAPACITY IN THE EARLY PHASE OF THE PANDEMIC

During the first month of the pandemic, the Ministry of Health (MoH) of the Republic of Indonesia appointed the National Institute of Health Research and Development (NIHRD) as the center of COVID-19 diagnostic laboratory activities. Thus, all specimens from all regions were brought to NIHRD, which is located in DKI Jakarta. Due to the high demands on the testing of specimens and the requirement for a faster analysis of the results, the MoH appointed a further 45 laboratories as national referral laboratories in mid-March 2020. This resulted into a sharp increase of cumulative tests: from under 1,000 in early March 2020, to more than 5,000 by that month's end, and reaching 35,000 by mid-April 2020. However, this surging laboratory diagnostic capacity was still insufficient to cater the need for community transmission surveillance of Indonesia's 270 million population.

During this initial phase, these 45 referral laboratories were only located in 22 out of 34 provinces. The remaining 12 provinces (Bengkulu, Lampung, East Nusa Tenggara, Central Kalimantan, East Kalimantan, North Kalimantan, Central Sulawesi, Southeast Sulawesi, Gorontalo, West Sulawesi, North Maluku, and West Papua) needed to send their samples through long hours of travel to laboratories in neighboring provinces. This added further pressure to the logistics capacity in ensuring the samples' safety and security (e.g., keeping samples in a good condition and appropriate temperature for prolonged periods) and led to inevitable reporting delays. Moreover, the available referral laboratories were facing several challenges, such as lack of appropriately trained laboratory staff; unavailability and inadequacy of materials, such as personal protective equipment; and speed and accuracy of RNA extraction (17) to meet the surging demand.

In terms of estimated daily testing capacity (by mid-April 2020), DKI Jakarta had the highest capacity of ~548 analyses per day, followed by East Java (301), Yogyakarta (238), Central Java (200), and West Java (148) (18). Since the largest testing capacity was available on Java Island, these laboratories had the heavy burden of conducting sample analyses from other islands too. While the testing capacity had increased, it was still insufficient, given the COVID-19's rapid transmission, which led to the eventual involvement of private laboratories and state veterinary laboratories to cater for an ever-increasing laboratory testing need (18).

One of the initial efforts by the government was to issue MoH regulations on diagnostic requirements and the list of referral laboratories in March 2020 (19) which clearly established diagnostic referral points. One month later, the MoH issued more regulations outlining the procedures and facility requirements that laboratories must meet to be able to analyze COVID-19 samples (20). This issuance allowed other laboratories that were not part of the initial COVID-19 laboratory reference list, to prepare, adjust their needs and operations accordingly and meet the prerequisites to join future iterations of the list. All of these actions facilitated the rapid surge in diagnostic capacity in later months (Supplementary Information). In addition, the National Government ensured the trust in laboratory diagnostic processes by establishing external quality assurance and conducting sample checks, both in national and subnational laboratories, to validate the appropriate use of molecular rapid test (TCM) and polymerase chain reaction (PCR) reagent tests (21).

On the other hand, the lack of laboratory staff that could be trained to carry out COVID-19 analysis was one of the major obstacles to these efforts. As a response the following were planned: (a) holding workshops to increase the capacity of laboratory technicians to collect swab specimens for PCR-based SARS-CoV-2 examinations; (b) conducting training for staff to assess the quality of the COVID-19 laboratories; (c) creating educational materials such as brochures and videos describing swab sampling and sending swab samples; and (d) providing technical guidance for the COVID-19 diagnostic laboratories. These efforts were supported by development partners operating in Indonesia, including the World Health Organization (WHO), United Nations Children's Fund (UNICEF), United States Agency for International Development (USAID), United States Centers for Disease Control and Prevention (CDC), Infectious Disease Detection and Surveillance (IDDS), and Association of Public Health Laboratories (APHL) of the United States, as well as local community organizations (21).



RESPONDING TO THE SECOND WAVE OF THE PANDEMIC: THE SARS-COV-2 LABORATORY DIAGNOSIS NETWORK

The need to expand laboratory testing capacity in 2020 was responded to by further increasing the number of referral laboratories to 685 (22); which included animal health laboratories, drug and food laboratories, and mobile PCR. In parallel, the samples tested increased. Specifically, by November 2020, the number of referral laboratories had increased about 10 times as compared to April 2020, with the number of specimens tested increased by 65 times, and the number of people tested increased by 56 times. However, the laboratory accrual rate remained vulnerable to external pressures, such as a shortage of reagents and equipment; lack of qualified human resources; importation and procurement times.

One year since the first case was reported in Indonesia, there were 685 laboratories across 34 provinces (as of end-February 2021). This list included laboratories equipped only with PCR machines (558), TCM machines (70), and having both PCR and TCM machines (57). The top five provinces with the highest number of laboratories were West Java (104), DKI Jakarta (97), East Java (90), Central Java (49), and North Sumatera (23), reflecting the provinces with largest populations. These laboratories comprise of laboratories that belong to different ministries and institutions, including the Ministry of Health; Ministry of Education, Culture and Higher Education; Subnational Governments; Indonesian Private Hospitals Association; Ministry of Research and Technology; Food and Drug Supervisory Agency; Ministry of Agriculture; Ministry of State Owned Enterprises; the State Police of the Republic of Indonesia; the Indonesian National Armed Forces; Ministry of Religion and the Indonesian Civil Servant Corps Foundation (Supplementary Information). This highlights the cross-ministerial collaboration as a critical factor in strengthening and expanding the laboratory network, since these unprecedented demands were well-beyond the capacities of any single organization. Additionally, this allowed for services complementarity and for an equitable distribution of referral laboratories across 34 provinces.



BEYOND THE SECOND WAVE: COVID-19 TESTING PROGRESS IN INDONESIA

Figures 1A,B show the numbers of tests, and people tested, respectively, over time in Indonesia. By the end of February 2021, the monthly average of specimens tested was 56,015 and of people tested was 37,519.


[image: Figure 1]
FIGURE 1. Distribution of PCR and RNA reagents in Indonesia as per March 6th, 2021 (21).


The WHO standard recommends that 1,000 people per one million population per week are tested. This requires Indonesia to test around 270 thousand people per week from its ~270 million population. It was adopted as the national indicator for it offers a globally useful benchmark, despite the slow process to achieve it due to the constrained resources. Specifically, on the first week of June 2020, Indonesia only met 16.86% of this target, in August 2020 it reached 46.46%, it was significantly increased to 70% in September 2020 and to 88.66% in November. This target was finally achieved at 100% in mid-January 2021, and has been steadily maintained afterwards (Figure 1).

Province-wise, West Java has the highest number of people that need to be tested every week (45,161 people), followed by East Java (40,479) and Central Java (36,364). Detailed data on testing needs per province are provided on Supplementary Table 1. Supplementary Table 1 also shows that there was a significant variance of each province's ability to respond to the needs, against a background of uneven population distribution and a complex decentralized national-subnational governance, where district and city governments within each province can adopt their own contextual policies that differ from the national government.

Another limiting factor was the logistics support; particularly the distribution of reagents whose different levels of demand per province are indicated on Figure 2. This exposed Indonesia's persisting logistic transportation issues due to the highly geographically fragmented archipelago that spans across a distance equivalent to that from London to Moscow (25). In response, the procurement of reagents was allowed to be done by sub-national governments, with additional assistance where needed by the national government. By the end of February 2021, the National COVID-19 Handling Task Force distributed 92 PCR machines; 7,323,512 sets of PCR reagents; 4,697,439 Viral Transport Medium vials; and 9,650 PCR Kits for GeneXpert [the latest test for tuberculosis (TB)] across Indonesia (26).
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FIGURE 2. (A, Upper Left) total number of specimens tested in Indonesia June 2020 - February 2021; (B, Upper Right) Total number of people tested in Indonesia June 2020-February 2021 (24); (Below) the number of active cases reported in Indonesia per month (March 2020-February 2021).




CHALLENGES AND OPPORTUNITIES FROM THE COVID-19 LABORATORY DIAGNOSTICS EXPERIENCES

The most persistent challenge during the first 12 months of the bandemic was the unequal distribution of appropriately trained human resources across the 34 provinces. Even when the logistics support chain was addressed and equipment/reagents were made available, the lack of trained staff hindered laboratories from reaching their maximum outputs. This was also highlighted in previous pandemics (27–29), and while it was addressed to some extent, it was not sufficient for the unprecedented scale of the current pandemic. Fortunately, Indonesia's peaking demographic with an increasing share of a population in the “productive age” (15–59 years old) provided an opportunity to supply the numbers of workforce needed in many sectors (30), including health, though it leaves a question on the existing educational training and workforce linkage.

Secondly, the pressures from the pandemic provided an opportunity to reflect on and assess existing surveillance systems, where additional diagnostic capacity was required; and how existing infrastructure was utilized by other infectious disease surveillance programs, such as TB and Hepatitis. This was one of the key aspects allowing the successful increase of diagnostic capacity, as previous surveillance efforts had laid the foundation for additional infectious disease surveillance capabilities nationally in a harmonized manner. However, this a coordination problem which may stay for the longer-term. It is important to consider that COVID-19 testing should not (out) compete routine diagnostics when, for example, laboratory budgets and resources need to be reallocated over a wider operational period (31).

Thirdly, geographical and administrative fragmentation has been well-known to affect emergency logistical distribution, including reagents in Asia during SARS outbreak in 2003 (23) and Southeast Asia during H5N1 outbreak in the 2000s (32). Following previous natural and public health emergencies, Indonesia tried addressing a number of aspects to reduce the potential impact of this fragmentation during national emergencies (33, 34). Facing a similar issue with Indonesia, Malaysia learned from previous emergencies to build trust among different government and non-governmental institutions for strong cross-sectoral collaborations to ease logistics distribution pressures during the COVID-19 pandemic (35).

Fourthly, the involvement of laboratories from many different governmental departments and the private sector under one reporting structure demonstrates a successful effort to integrate what was siloed before. However, there are further improvements that can be made, for example while the reporting for COVID-19 testing is in real-time, the consumables requests are not. This can potentially limit smooth operations over the longer-term. Additionally, overlapping laboratory logistical records may affect the speed of distribution, as local governments can procure logistics themselves, or ask the Task Force or the MoH directly or both. In the latter case it would be difficult to validate competing requests because such data are not integrated.

Finally, the variety of laboratory equipment in Indonesia presents another challenge in terms of the laboratory response. Many equipment belonged to siloed projects, initiatives and/or collaborations with international organizations. Operating those under a harmonized protocol might not be possible if more complex laboratory tests are needed. They also present a logistics challenge, because reagents are not necessarily interchangeable across different equipment. The auditing process by the national government was able to harmonize operations across different platforms. Perhaps the pandemic would be a timely opportunity to review and address this aspect in a more systematic way.



CONCLUSION

This ongoing pandemic has tested the preparedness, response and resilience of the laboratory systems in Indonesia for over 1 year. Indonesia is one of the countries where diagnostic laboratory readiness is still not sufficient, particularly with an uneven distribution of staff, equipment, and consumables capacities across a number of provinces. Thus, coping with the existing pandemic presented a real challenge, especially in terms of a consistent increase in testing capacity. This is common in resource restricted settings, especially in countries with large population and geographical fragmentation.

The Indonesian government made concerted efforts to foster collaboration across sectors, thus increasing testing capacity and reaching 685 designated laboratories within the first 12 months of the pandemic. However, existing laboratory facilities, reporting structures and the availability of qualified human resources remain concerning in the effort to increase testing capacity with a uniform quality. These challenges exposed some public health issues left to be addressed, which can in turn provide opportunities for future infectious diseases surveillance in Indonesia and countries in similar settings.
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