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Abstract: Our primary objectives were a) to determine the need for, and the 

availability of point-of-care testing (POCT) for infectious diseases and b) to recommend 

point-of-care testing strategies and spatial care paths (SCPs) that enhance public health 

preparedness in regional districts of Thua Thien Hue Province (TTHP), Central Vietnam, 

where we conducted field surveys. Medical professionals in 7 community health centers 

(CHCs), 7 district hospitals (DHs) and 1 provincial hospital (PH) participated. Survey 

questions (English and Vietnamese) determined the status of diagnostic testing 

capabilities for infectious diseases and other acute medical challenges in TTHP. Infectious 

disease testing was limited: 6 of 7 CHCs (86%) lacked infectious disease tests. One CHC 

(14%, 1/7) had two forms of diagnostic tests available for the detection of Malaria. All 

CHCs lacked adequate microbiology laboratories. District hospitals had few diagnostic 

tests for infectious diseases (Tuberculosis, Syphilis), blood culture (29%, 2/7), and 

pathogen culture (57%, 4/7) available. The PH had broader diagnostic testing capabilities 

but lacked preparedness for highly infectious disease threats (e.g., Ebola, MERS-CoV, 

SARS, Zika, and Monkeypox). All sites reported having COVID-19 rapid antigen tests; 

COVID-19 RT-PCR tests were limited to higher tier hospitals. We conclude that infectious 

disease diagnostic testing should be improved and POC tests must be supplied near 

patients’ homes and in primary care settings for the early detection of infected individuals 

and mitigation of the spread of new COVID-19 variants and other highly infectious 

diseases. 
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1. Introduction 

Global emergence of highly infectious disease threats such as the Novel Coronavirus 

Disease 2019 (COVID-19), Ebola virus disease (EVD), Middle East respiratory syndrome 

coronavirus (MERS-CoV), severe acute respiratory syndrome (SARS), avian influenza, tu-

berculosis (TB), and antimicrobial resistance (AMR) pose significant risks to public health 

in the Asia Pacific region and the region’s capacity to respond to these threats [1]. In 2017, 

there were 105,733 cases reported of TB in Vietnam, 26% of which were diagnosed by 

WHO-recommended rapid diagnostics tests [2]. Now in Vietnam, AMR rates have be-

come among the highest in Asia, with multidrug-resistant (MDR) infections developing 

in TB, influenza, and malaria, attributed in part to misdiagnosis and more fundamentally, 

to the increase in prescriptions and over the counter use of antibiotics [3].  

  Despite an increase in Vietnam’s health expenditure from 2006 US$164 billion 

(5.4% of GDP) to 2014 US$390 billon (7.1% of GDP), the poor, ethnic minorities, and those 

living in remote areas are at risk of public health threats [4-9]. Public health emergency 

preparedness for highly infectious diseases is crucial in enhancing community resilience 

to health threats [1]. The objectives of this article are to report the status of infectious dis-

ease diagnostic testing capabilities and point-of-care testing (POCT) and to recommend 

healthcare strategies, point-of-care technologies, and use of Spatial Care Paths (SCPs) to 

enhance public health preparedness in regional districts of Thua Thien Hue Province 

(TTHP), Central Vietnam. Vietnam can play an important role by implementing POCT to 

meet the serious deficit in public health emergency preparedness for infectious disease 

outbreaks, especially in neglected rural communities. Point-of-care testing can strengthen 

Vietnam’s current public health framework, disease surveillance capacity, and timely re-

sponse to prevent the risks of transmission of infectious diseases [10-12]. 

2. Materials and Methods 

2.1 HOSPITAL LEVELS  

The Vietnamese hospitals are classified by “levels”. The most common are Level 4 

hospitals, also known as Community Health Centers (CHCs), which are equivalent to pri-

mary care centers [13]. There are several CHCs in any given district and these centers are 

generally ill-equipped and poorly funded. Figure 1 illustrates management, guidance, 

and funding from the Vietnamese Ministry of Health (MoH) to health facilities. Level 3 

hospitals, commonly known as District Hospitals (DHs), one per district, are typically bet-

ter equipped and funded than Level 4 hospitals. There may be one or more Level 2 Pro-

vincial Hospitals (PHs) per province. There is one PH in TTHP, which is known as Hue 

University Hospital (HUH), which is even better equipped and funded. There are three 

Level 1 hospitals in Vietnam. One Level 1 hospital, Hue Central Hospital (HCH), is within 

close proximity of HUH. Administration of Level 1 hospitals are tightly associated to the 

central government. We did not survey the Level 1 hospital in TTHP, because our focus 

was on rural healthcare. Hue Central Hospital infectious disease testing capability was 

determined through insightful dialogues throughout the field survey (see acknowledg-

ments) and through analyzing government directives.  
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Figure 1. Management and funding of health facilities in Vietnam. 

 

2.2 SURVEY SCOPE 

Thua Thien Hue Province shares borders with Laos to the west, it’s northern border 

with Quang Tri, it’s southern border with Quang Nam and Da Nang, and with East 

Sea/South China Sea to the east. Thua Thien Hue Province is divided into nine districts 

and further subdivided into 8 commune-level towns, 105 communes, and 39 wards. Each 

district is designated a DH, and several CHCs. In the center of TTHP is Hue City, the 

location of HUH, the PH. The survey sites were conducted in four geographical regions 

in TTHP: coastal, mountain, plain, and city. Field survey sites included 7 CHCs , 7 DHs , 

and 1 HUH.  

We conducted field research on site for 1 month using a needs assessment question-

naire that investigated the availability of POC cardiac biomarker testing for the diagnosis 

of AMI [14], public health challenges, molecular technologies use and test clusters for in-

fectious diseases, outbreak preparedness, sepsis, diabetes mellitus, and laboratory sup-

port of critically ill patients in isolation and intensive care units. The field survey was 

approved by the Hue University of Medicine and Pharmacy Ethics Committee, Thua 

Thien Hue (approval number: 1716/SYT-NVT). 

We primarily used two survey tools: (a) short form for community health centers 

interviews, (b) long form for assessing the provincial and district hospitals’ laboratory 

diagnostic testing capabilities and available near bedside testing [14]. We arbitrarily pro-

vided (c) an infectious disease questionnaire to a community health center and the district 

hospital in Quang Dien, a convenient center for incoming travelers to the coastal district. 

Forms were provided in both English and Vietnamese (see appendices). 

Responses received from each interview were obtained verbally in Vietnamese and 

translated to English with the assistance of medical students from Hue University of Med-

icine and Pharmacy (HUMP). Survey responses were recorded from several interviews 

with hospital administration, physicians, nurses, and clinical laboratory staff who sup-

ported the operations of the hospital. The findings reported here are primarily based on a 

POC needs assessment for infectious diseases and an analysis of policy documents con-

ducted between July 2017 and mid 2022. Documents include updates on the disease situ-

ations, technical guidelines, standards, and recommendations. Supplementary data col-

lection and information were acquired after the field study through email dialogues with 

co-authors in Vietnam through mid 2022. 
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2.3 NEEDS ASSESSMENT: INFECTIOUS DISEASE TESTING 

The needs assessment survey in Central Vietnam determined the availability of de-

partmental facilities, staff, critical care monitoring, referral sites, public health readiness, 

and diagnostic testing available to clinicians to enhance clinical decision making of pa-

tients with potential highly infectious diseases in TTHP. Thua Thien Hue Province is a 

representation of the healthcare advances and decision making in Central Vietnam due to 

the single medical university hospital in the central region. The Provincial Hospital pro-

vides healthcare to locals as well as travelers from neighboring provinces who seek med-

ical attention. The needs assessment survey describes deficiencies and provides areas that 

need implementation of POCT to enhance public health resilience regionally. 

 

2.4 GEOGRAPHIC INFORMATION SYSTEM, SWNS, AND SCPS 

A Spatial Care PathTM (SCP) is the most efficient route taken by a patient to receive 

definitive care in the small-world network (SWN) of the healthcare delivery system [15]. 

SWNs are geographic relationships between patients, healthcare resources, and facilities 

that provide care [16]. SCPs can shift diagnosis upstream in TTHP by utilizing the tem-

poral and geospatial dimensions that characterize the SWN. 

Political administration boundaries obtained from the Database of Global Adminis-

trative Areas were used to represent TTHP of Vietnam [17]. Health resource facilities’ ge-

ographic coordinates were obtained from the Family Medicine Department at Hue Uni-

versity Hospital, Google Maps®, and Places Map®. Health facilities that could not be lo-

cated were called for their physical address. Nearby landmarks were used to approximate 

the locations of health facilities on unnamed roads. 

All coordinate data were projected using WGS84 EPSG 4326 in Quantum Geographic 

Information System (QGIS) Las Palmas version 2.18, a free open source GIS software pack-

age. Travel times in the SWN were analyzed using OSM tools plugin version 2.1 and 

OpenLayers plugin version 1.4.8 in QGIS. 

3. Results 

3.1 HEALTH STATISTICS 

In 2018, the General Statistics Office of Vietnam reported 125,200 cases of hemor-

rhagic fever (16 died), 127,400 cases of hand, foot, mouth disease, 628 cases of typhoid, 

760 cases of virus encephalitis (21 died), 33 cases of meningococcal disease (2 died), 673 

cases of whooping cough (2 died), 77 cases of streptococcus suis infections in humans (6 

died), and 2 cases of Zika virus infections [18]. As of June 2022, The MoH reported 43,088 

people died from COVID-19 pandemic [19]. 

Tuberculosis and human immunodeficiency virus (HIV)/acquired immunodefi-

ciency syndrome (AIDS) are leading causes of death in Vietnam [20]. In December 2018, 

the number of individuals infected with HIV was over 208,800 and 94,900 of those cases 

turned into AIDS. The number of individuals that died of HIV/AIDS countrywide was 

98,160 [18]. Roughly, 130,000 people are diagnosed with TB in Vietnam annually [21], of 

which 7,000 are infected with TB and HIV. Nearly 5,000 people have multi-drug resistant 

TB, and approximately 300 individuals have extensive drug-resistant TB [21]. 

The prevalence of antimicrobial resistance in Vietnam is among the highest in Asia 

with 71% penicillin resistance and 92% erythromycin resistance for Streptococcus pneu-

moniae, and 25% carbapenem resistance for Pseudomonas aeruginosa and 40% for Acineto-

bacter baumannii [22]. 

 

3.2 SURVEY RESULTS 

 

3.2.1 DEMOGRAPHY & RESOURCE ALLOCATION 

Table 1 presents demography, critical care resources, and POCT in all 15 hospitals 

surveyed (Levels 2, 3, 4). The number of physicians on average ranged from 1 (SD, 0.49) 

in CHCs, 27 (SD, 9.9) in DHs, and 248 physicians available in the PH. Vietnamese 
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ambulances transport patients between hospital levels rather than picking patients up 

from home. Community health centers did not have ambulances on-site and were re-

quired to call 115, an emergency medical service call center number to request an ambu-

lance to transport critically-ill patients from the CHC to a referral site. Both DHs and the 

PH had two ambulances on-site to transfer critically-ill patients.  

Community health centers lacked adequate microbiology laboratories, critical care 

resources, hematology, and hemostasis testing. District hospitals were unable to measure 

arterial blood gas. Other critical care resources were limited with an average of 3 (SD, 2.7) 

pulse oximetry instruments and measuring electrolytes (43%). One CHC had 2 diagnostic 

tests to detect Malaria (14%, 1/7), while the remaining CHCs (86%, 6/7) had no diagnostic 

tests available. District hospitals had microbiology laboratories but few diagnostic tests 

available to detect Malaria (43%, 3/7), Dengue fever (29%, 2/7), Rubella (14%, 1/7), Hepa-

titis A (29%, 2/7), Hepatitis C (43%, 3/7), blood culture (29%, 2/7), and pathogen culture 

(57%, 4/7) available. The PH had broader critical care resources and microbiology tests 

(e.g. H1N1, H7H9). Both Level 2 and Level 3 hospitals have HIV tests, however, none were 

found at Level 4 hospitals. Point-of-care testing was often scarce in CHCs and undersup-

plied in DHs, but the PH offered more tests per department.
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TABLE 1. DEMOGRAPHY, CRITICAL CARE RESOURCES, AND POINT-OF-CARE TESTING UTILIZATION IN LEVEL 4 (7), LEVEL 3 (7), AND LEVEL 2 

(1) HOSPITALS IN CENTRAL VIETNAM             

 

                         LEVEL 4 HOSPITALS                LEVEL 3 HOSPITALS                  LEVEL 2 HOSPITAL 

                           (N=7a)                       (N=7a)                       (N=1a) 

DEMOGRAPHY 

[Mean (SD)]            

No. of daily patient visits                33 (18.4)                          256 (206.5)                            410 

No. beds                               7 (2.6)                               128 (65.9)                              605 

Physicians                             1 (0.49)                                27 (9.9)                         248 

Nurses                                1 (0.38)                               40 (19.9)                         150 

Pharmacists                     1 (0.49)                               9 (5.5)                              17 

No. ambulances                0b                  2 (0)                                    2 

Diagnostic laboratory service  

 Weekdays                        1 Sitec, 7hr 45min                         8hr (0.35)                              8hr 

 On-call service provided             1 Sitec                               6 Sitesc                               Available 

POCT program                          No                         No                              No 

POCT director                           No                     No                         No 

POC coordinator                         No                    No                           No 

 

CRITICAL CARE RESOURCES          

No. SpO2 monitors [Mean (SD)]            0                               3 (2.7)                       9  

Blood gases                       Not available                   Not available                PO2, PCO2, pH, HCO3- 

Electrolytes                          Not available                       3 Sitesc, Na, Cl, K, Ca2+                 Na, Cl, K, Ca2+  

Microbiology [Frequency]   

                                   Laboratories (0)                         Laboratory (100)                         Laboratory  

                                   Giemsa stain (14),        HCV-Ab (43), Pathogen culture (57d),            Pathogen cultured,  

                                   Malaria Ag (14)            Dengue fever (NS1, IgG, IgM) (29),           Blood culture, HIV, HEV 

Malaria Ag (43), HBsAg (100),            Influenza A, B, H1N1, EV71                                                             

Pap smear (14), HAV-Ab (29),            H7H9, Strep throat, HAV-Ab, 

                                                                    Rubella test (14), HIV test (100),           Dengue fever (NS1, IgG, IgM), 

                                                                    HBsAb (29), Blood culture (29),                  Rubella test,                                                                 
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                        Dark field microscopy for Syphilis (14),            Gram-stained smear for TB, 

                         Gonorrhea gram-stain smear (14),         HBsAg, HBeAg, HCV-Ab, 

                                                                           H. pylori-Ab (14)                   Pap smear, Malaria Ag,  

Fecal smear, Toxoplasma-Ab, CMV-Ab, 

PCR, Dark field microscopy,     

                     Syphilis rapid test, 

H. pylori-Ab, Tzanck smear, Chlamydia rapid 

test, Gram-stained smear for Gonorrhea  

Hematology        Not available                      CBC                 CBC 

Hemostasis [Frequency]      Not available                            PT and aPTT (86)                         PT and aPTT 

                                    Bleeding time (14) Clotting time (14)           Bleeding and clotting time 

POINT-OF-CARE TESTING 

[Frequency] 

Clinical wards               2 Sitesc, Urinalysis (57),            ECG (43), SpO2 (14), BP (14)                 Glucose meter, BP 

                    Ultrasound (14), ECG (14),                                           SpO2, ECG 

                              Glucose meter (14) 

ER                         5 Sitesc, Malaria Ag (14),                   ECG (57), SpO2 (71), BP (43)                 Glucose meter, SpO2,  

                           BP (29), Glucose meter (14),                 Glucose meter (29), BT (14),                 BP, ECG, bhCG, Cardiac  

                           Ultrasound (29), ECG (43),                       bhCG (14)                            monitor 

                                 bhCG (14)              

OR                  No ORs available                   ECG (43), SpO2 (71), BP (43),              Glucose meter, SpO2, EtCO2, 

                                 Glucose meter (29), BT (14),                   Cardiac monitor 

                                                Ultrasound (14) 

ICU            No ICUs available                 6 Sitesc, ECG (29), SpO2e (57),                Glucose meter, SpO2, EtCO2 

                                                                     EMG (14), Ultrasound (14),                Cardiac monitor, Ultrasound, 

                                                                    Glucose meter (14), BP (29),                 Central venous pressure, BP 

CCU                     No CCUs available                      No CCUs available                         No CCU available                    

                     

NICU                    No NICUs available                 6 Sitesc, ECG (14), SpO2 (29),                    Echocardiograph 

                                                                       EMG (14), Bilirubin (14)  

                                                                                             

LR                     5 Sitesc,f, ECG (14), CTG (29),                    CTG (71), SpO2 (29), EMG (14),                  SpO2g, BP, CTG,  
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                          BP (14), Ultrasound (14)                           BP (29), ECG (29)                     Ultrasound  

 

ABBREVIATIONS: aPTT, activated partial thromboplastin time; bhCG, beta-human chorionic gonadotropin; BP, blood pressure; BT, body temperature monitor; Ca2+, ionized calcium; 

CBC, complete blood cell count; CCU, coronary care unit; Cl, chloride; CMV-Ab, cytomegalovirus antibody test; CTG, cardiotocography; ECG, electrocardiograph; EMG, 

electromyography; EV71, enterovirus 71; ER, emergency room; EtCO2, end-tidal CO2; E.coli, Escherichia coli; H1N1, swine flu; H7N9, avian influenza A; HAV-Ab, hepatitis A virus 

antibody test; HBeAg, hepatitis B envelope antigen test; HBsAg, hepatitis B surface antigen test; HBsAb, hepatitis B antibody test; HCO3-, bicarbonate; HCV-Ab, hepatitis C virus 

antibody test; HEV, hepatitis E virus rapid antibody test; HIV, human immunodeficiency virus; H. pylori-Ab, helicobacter pylori antibody test; ICU, intensive care unit; IgG, 

immunoglobulin G; IgM, immunoglobulin M; K, potassium; LR, labor room; Malaria Ag, malaria antigen; Na, sodium; NICU, neonatal intensive care unit; NS1, nonstructural protein 

1; OR, operating room; PCR, polymerase chain reaction; pO2, partial pressure of oxygen; pCO2, partial pressure of carbon dioxide; pH, potential of hydrogen; PT, prothrombin time; 

SpO2, peripheral capillary oxygen saturation; TB, tuberculosis; Toxoplasma-Ab, toxoplasma gondii antibody test.  

FOOTNOTES: aSix hospitals responded. bCHC call 115 to if they need to transfer a patient to upstream care. cThe number of hospitals that responded. gPathogen culture of E. coli, H. 

pylori, Dysentery, and Salmonella were confirmed by both the provincial and district hospitals. eOne wireless SpO2 monitor was being used. fTwo out of five labor room encountered 

were allowed to preform deliveries, the remaining three lacked staff and equipment. gMonitor using smartphone application
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Table 2 outlines survey results for diagnostic tests and POC tests used by physicians 

to diagnose patients. Community health centers relied heavily on syndromic management 

of patients with infectious diseases, HIV/STDs, sepsis, digestive/respiratory symptoms, 

and asthma. The PH had rapid diagnostic tests for infectious diseases, however, tests are 

performed in a clinical laboratory and not near patients’ bedside. The PH rarely transfers 

patients to the Level 1 hospital, and only transferred in severe cases. District hospitals 

lacked adequate diagnostic tests and treatment for patients with sepsis. One DH reported 

66% of patients with sepsis died due to prolonged time taken to receive blood cultures 

results.  

TABLE 2. DIAGNOSTIC TESTS UTILIZATION, POC TESTS AVAILABILITY, AND REFERRAL SITES FOR 

PATIENTS WITH INFECTIOUS DISEASES 

SURVEY 

QUESTIONS 

LEVEL 2 

PROVINCIAL 

HOSPITAL (N=1) 

LEVEL 3 DISTRICT 

HOSPITALS 

(N=7) 

LEVEL 4 COMMUNITY 

HEALTH CENTERS (N=7) 

DIAGNOSTIC 

TESTS 

PERFORMEDa 

HCV-Ab, EV71, 

HBsAg, HEV, 

Malaria Ag, H. 

pylori, HIV, CBC, 

CRP, Ultrasound, X-

ray, Urinalysis, 

Blood culture 

CBC (5), X-ray (2), 

Ultrasound (2), Blood 

culture (1), AFB (1) 

None, rely on patient 

symptoms (7f), Giemsa 

stain (1), Malaria Ag (1) 

POC TESTS 

AVAILABLEb,e 

SpO2, HCV-Ab, 

EV71, HBsAg, HEV, 

Malaria Ag, H. 

pylori, HIV 

6 Sitesd; Ultrasound (1), 

HBsAg (1), HCV-Ab (1), 

SpO2 (1), ECG (1), BP (1), 

None (1) 

None (4), Ultrasound (3), 

ECG (2), Urinalysis (2), 

Malaria Ag (1), BP (1) 

REFERRAL 

HOSPITALc 

Hue Central 

Hospital in severe 

cases 

Hue University Hospital (3), 

Hue Central Hospital (2), 

None, treat at the District 

Hospital (2) 

Hue University Hospital 

(4), Nearest District 

Hospital (4), Hue Central 

Hospital (3) 

PATIENTS WITH HIV/ SEXUAL TRANSMITTED DISEASES 

DIAGNOSTIC 

TESTS 

PERFORMEDa 

HIV rapid test, 

HBsAg, HCV-Ab, 

Pap smear 

HIV rapid test (4), HBsAg 

(2), None, rely on patient 

symptoms (1), Pap smear 

(1), Gonorrhea gram-

stained smear (1), CBC (1), 

Urinalysis (1), Gram stain 

(1) 

None, rely on patient 

symptoms (7) 

 

POC TESTS 

AVAILABLEb,e 

HIV rapid test HIV rapid test (4), HBsAg 

(1), Syphilis rapid test (1) 

None (4), Urinalysis (2)  

REFERRAL 

HOSPITALc 

Treat patient, do not 

transfer 

Hue University Hospital (4) 

Hue Central Hospital (4), 

Center for HIV/AIDS 

Control (2) 

Hue University Hospital 

(4), Hue Central Hospital 

(3), Nearest District 

Hospital (3), Center for 

HIV/AIDS Control (2) 
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PATIENTS WITH SEPSIS 

DIAGNOSTIC 

TESTS 

PERFORMEDa 

CBC, Urine 

creatinine, ALT, 

AST, 

Electrolytes, 

Procalcitonin, 

Lactate, 

Coagulation, 

CRP 

CBC (6), Blood culture (2), 

Ultrasound (1), None, rely on 

patient symptoms (1) 

None, rely on patient 

symptoms (7) 

POC TESTS 

AVAILABLEb 

SpO2 SpO2 (2), BP (2) None (4), Ultrasound (2), 

ECG (2), Urinalysis (2), BP 

(1) 

REFERRAL 

HOSPITALc 

Treat patient, do 

not transfer 

Hue University Hospital (6), 

Hue Central Hospital (3)  

Hue University Hospital 

(5), Hue Central Hospital 

(5), Nearest District 

Hospital (2) 

PATIENTS WITH DIGESTIVE SYMPTOMS 

DIAGNOSTIC 

TESTS 

PERFORMEDa 

Ultrasound, 

CBC, CRP, 

Amylase, Lipase 

Ultrasound (6), CBC (2), X-ray 

(2), LFT (1), AST (1), ALT (1), 

Stool smear (1), Rectal, sigmoid, 

esophageal endoscopy (1), None, 

rely on patient symptoms (1) 

Ultrasound (4), None, rely 

on patient symptoms (4)  

POC TESTS 

AVAILABLEb 

SpO2 6 Sitesd; None (3), Ultrasound 

(2), SpO2 (1), BP (1) 

Ultrasound (5), BP (1), 

None (2)  

REFERRAL 

HOSPITALc 

Treat patient, do 

not transfer 

 Hue University Hospital (5), 

Hue Central Hospital (3), None, 

treat at the District Hospital (1) 

Nearest District Hospital 

(4), Hue University 

Hospital (4), Hue Central 

Hospital (3), None, treat at 

the Community Health 

Center (1) 

PATIENTS WITH RESPIRATORY SYMPTOMS 

DIAGNOSTIC 

TESTS 

PERFORMEDa 

CBC, Blood gas, 

CRP, ECG, PFT 

 X-ray (5), None, rely on patient 

symptoms (2), CBC (2), AFB (1), 

SpO2 (1), ECG (1), Fluorescent 

microscopy (1) 

None, rely on patient 

symptoms (7)  
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POC TESTS 

AVAILABLEb 

SpO2, ECG None (4), SpO2 (3), ECG (2), 

Integrated BP monitor (2), 

Cardiac monitor (1) 

None (4), Ultrasound (3), 

ECG (2), BP (1) 

REFERRAL 

HOSPITALc 

Treat patient, do 

not transfer 

Hue University Hospital (5), 

Hue Central Hospital (3), None, 

treat at the District Hospital (1)  

Hue University Hospital (4) 

Hue Central Hospital (3), 

Nearest District Hospital 

(3), None, treat at 

Community Health Center 

(1), Tuberculosis & 

Respiratory Diseases 

Center (1) 

PATIENTS WITH ASTHMA 

DIAGNOSTIC 

TESTS 

PERFORMEDa 

CBC, Blood gas, 

PFT 

CBC (3), None, rely on patient 

symptoms (2), SpO2 (2), AFB (1), 

X-ray (1), PFT (1)  

None, rely on patient 

symptoms (7)  

POC TESTS 

AVAILABLEb 

SpO2 None (3), SpO2 (3), ECG (1), BP 

(1), Cardiac monitor (1) 

None (4), Ultrasound (3), 

ECG (2), BP (1) 

REFERRAL 

HOSPITALc 

Treat patient, do 

not transfer 

Hue University Hospital (5), 

Hue Central Hospital (3), None, 

treat at the District Hospital (1) 

Hue University Hospital 

(4), Hue Central Hospital 

(3), Nearest District 

Hospital (3), Tuberculosis 

& Respiratory Diseases 

Center (1) 

ABBREVIATIONS: AFB, acid-fast bacilli; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; CBC, 

complete blood cell count; CRP, C-reactive protein test; ECG, electrocardiograph; EV71, enterovirus 71; HBsAg, hepatitis B surface 

antigen test; HCV-Ab, hepatitis C antibody test; HEV, hepatitis E virus rapid antibody test; HIV, human immunodeficiency virus 

rapid test; H. pylori, helicobacter pylori; LFT, liver function test; Malaria Ag, malaria surface antigen test; PFT, pulmonary function 

test; SpO2, peripheral capillary oxygen saturation.  

FOOTNOTES: aSurvey question 3.29, bquestion 3.31, and cquestion 3.30. Respondents were allowed to give more than one answer 

per question. dSix district hospitals provided responses. eMany rapid POC tests for infectious diseases are not performed near pa-

tients’ bedside. Patients’ blood is drawn and then taken to the laboratory 1-2 floors away for the actual test to be performed. fIn most 

cases of infectious diseases the patients’ clinical symptoms are primarily used. 

 

Table 3 summarizes medical problems in Central Vietnam hospitals and communi-

ties. Diabetes and hypertension were among the most neglected public health challenges 

which affected the working class, the lack of disease prevention was highlighted as a pub-

lic health and medical problem by one CHC and DH. Patients commonly infected with 

HIV, TB, sepsis, malaria, and dengue fever could not be treated at many CHCs. Few DHs 

could not treat patients with sepsis in and dengue fever. The PH could not treat patients 

with either TB or HIV. 
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TABLE 3. MEDICAL PROBLEMS IN CENTRAL VIETNAM HOSPITALS AND COMMUNITIES 

SURVEY 

QUESTIONS 

LEVEL 4 

(N=7) 

LEVEL 3 

(N=7) 

LEVEL 2 

(N=1) 

5.2. Which medical 

problems are 

neglected?  

 

Diabetes mellitus (3), 

Hypertension (3), 

Hepatitis (A-E) (1), 

Cancer (1), Disease 

prevention (1), Stroke 

(1), Lipid Profile (1) 

Nonea (1) 

Diabetes (4), Hypertension (3), 

Disease prevention (2), Metabolic 

disorders (1), Hyperlipidemia (1), 

Pollution (1), Food safety (1) 

Diabetes, Heart 

failure, COPD, 

Cancer 

5.3. What medical 

problems influence 

people’s working 

performance the 

most? 

 

Joint disease (2), 

Hypertension (2), 

Chronic disease (2), 

Diabetes (2), Cardiac 

disease (1) Bone 

disease (1), Stroke (1), 

Cancer (1), 

Rheumatoid arthritis 

(1) 

COPD (3), Hypertension (3), Stroke 

(2), Asthma (2), Diabetes (2), 

Arthritis (2), Joint degeneration (1), 

Infections (1), Bronchitis (1), Rash 

(1), Gastric intestinal disorders (1), 

TB (1), Mental disease (1), Renal 

failure (1), Psychological problems 

(1), Epilepsy (1) 

Heart failure, 

COPD, Arthritis, 

Severe back 

pain 

5.5. What are the 

most commons 

patient diagnoses 

that you cannot 

treat at your own 

hospital and 

therefore, must 

refer to another 

hospital? 

HIV (3), Cardiac 

conditions (3), TB (2), 

Hypertension (2), 

Acute trauma (2), 

Acute surgery (1), 

Stroke (1), COPD (1), 

Kidney stones (1), 

Cancer (1), Sepsis (1), 

Children seizures (1), 

Dengue fever (1), 

Diabetic complications 

(1), 

Malaria (1), Cataracts 

(1) 

AMI (5), Sepsis (2), Stroke (2), Head 

trauma (2), Trauma (general) (1), 

Cardiovascular diseases (1), 

Dengue fever (1), 

Endocrinology diseases (1), 

Femur fracture (1), 

Metabolic disease (1), 

Severe asthma (1 

Severe heart failure (1), Acute renal 

failure (1), Hemorrhage (1), Acute 

psychotic episodes (1), Eye 

disorders (1), Pregnancy 

complication (1), Spinal trauma (1), 

Cancer (1), Epilepsy (1), GI issues 

(1), Mental disorders (1), Drug 

resistant asthma (1) 

HIV, TB, 

Psychiatric 

disorders, 

Head trauma, 

Severe AMI 

 

 

ABBREVIATIONS: AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; HIV, 

human immunodeficiency virus; TB, tuberculosis. 

FOOTNOTE: aDirector is not aware of any neglected medical problems in the community. 

 

Table 4 focuses on acute medical response in the cases of healthcare emergencies or 

disasters by hospital levels. Level 4 hospitals are equally likely to seek emergency assis-

tance Level 1, 2, and 3 hospitals. No helicopter rescue is available. 
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TABLE 4. ACUTE MEDICAL RESPONSE IN THE CASE OF AN EMERGENCY OR NATURAL DISASTER  

SURVEY QUESTIONS LEVEL 4 

HOSPITALS 

(N=7) 

LEVEL 3 HOSPITALS 

(N=7) 

LEVEL 2 HOSPITAL 

(N=1) 

3.5. Does your hospital 

provide local patients with 

a pick-up using an 

ambulance in case of 

emergencies or natural 

disasters (e.g., floods, 

earthquakes, storms)? 

No 

ambulances 

available (7) 

Yes (7) Yes, but only for natural 

disasters, not for patient 

emergencies. 

3.32 If your hospital lacks 

important diagnostic tests 

during emergencies or 

natural disasters where do 

you normally seek them? 

District 

Hospital (4), 

Hue Central 

Hospital (4), 

Hue 

University 

Hospital (2)  

Hue Central Hospital (4), 

Hue University Hospital 

(2), MEDIC Medical Center 

(1), In case of 

emergencies/natural 

disasters people go to the 

closest hospital near their 

homes (1) 

Hue Central Hospital, Ho 

Chi Minh City, Hanoi 

5.4 In case of emergencies, 

where do the people turn 

to receive healthcare 

delivery? 

District 

Hospital (4), 

Hue 

University 

Hospital (4), 

Hue Central 

Hospital (4) 

DH (3), Hue University 

Hospital (2), Hue Central 

Hospital (2) 

Closest/nearest to the 

patient (1) 

Trauma & injury severity 

dictates where patient 

goes. In cases of acute 

myocardial infarction or 

stroke, patients are 

allowed to decide where 

to seek medical attention  

 

Table 5 reports therapeutic turnaround times (TTAT) for tests sent to referral labor-

atories. The level 2 hospital sends L-lactate tests to the Level 1 hospital and results are 

received back from 7-24 hours. Level 3 hospitals send patients’ test for HIV, TB, dengue 

fever, malaria, and chlamydia to either the Center for Disease Control (CDC), the Center 

for HIV/AIDS Control, the TB and Respiratory Disease Center, HUH or HCH. Tests results 

received range anywhere from 7 hours-30 days. Level 4 hospitals in general do not have 

diagnostic testing capabilities and are required to transfer the patient by calling 115. 
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TABLE 5. THERAPEUTIC TURNAROUND TIME FOR TESTS SENT TO REFERRAL LABORATORIES 

SURVEY 

QUESTIONS 

LEVEL 2 

PROVINCIAL 

HOSPITAL (N=1) 

LEVEL 3  

DISTRICT HOSPITALS 

(N=7) 

LEVEL 4 

COMMUNITY 

HEALTH CENTERS 

(N=7) 

TESTS SENT TO 

AN OUTSIDE 

REFERRAL 

LABORATORYa 

L-lactate, Anti-CCP, 

NSE, SPEP 

HIV (4), Dengue fever (4), 

Malaria (3), TB (2), Chlamydia (1), 

Organisms that cannot be 

cultured (1e), None, do not 

transfer patients for tests (1) 

No tests available to 

perform, patient is 

transferred (6), HIV 

(1), Pap smears (1)  

NAME OF 

REFERRAL 

LABORATORYb 

Hue Central 

Hospitald 

Center for Disease Control of 

Thua Thien Hue Province (4), 

Thua Thien Hue Center of 

HIV/AIDS Control (3), Hue 

University Hospital (1) Hue 

Central Hospital (1) Private 

Laboratory (1), TB and 

Pulmonary Disease Hospital (1), 

None, do not transfer patients’ 

tests (1) 

No tests available to 

perform, patient is 

transferred to the 

nearest District 

Hospital (6), Nearest 

District Hospital (1) 

TIME TAKEN 

TO RECEIVE 

RESULTS FROM 

REFERRAL 

LABORATORYc 

If delivered same 

morning, results are 

received in the 

afternoon. If 

delivered in the 

afternoon the results 

are received the 

following day (7-24 

hours) 

7-10 days (4), 1-3 days (2), 30 days 

(2), 7 hours (1), None, do not 

transfer patient tests (1) 

No tests available to 

perform, patient is 

transferred (6), 3-10 

days (1) 

ABBREVIATIONS: Anti-CCP, anti-cyclic citrullinated peptide antibody test; HIV, human immunodeficiency virus; NSE, neuron 

specific enolase; SPEP, serum protein electrophoresis; TB, tuberculosis. 

FOOTNOTES: aSurvey question 4.21. bSurvey question 4.22. cSurvey question 4.23. dBiochemistry laboratory in Hue Central Hospi-

tal. eTypically, if a test cannot be performed the patient is transferred downstream to the Level 1, or Level 2 hospital. 

 

The top graph in Figure 2a displays distances and travel times between the surveyed 

CHCs and their referral hospitals. On average it takes 18.86 minutes (SD, 14.31) to reach 

the referral site at an average distance of 11.27 kilometer (SD, 7.8) from the surveyed 

CHCs. The bottom graph in Figure 2b shows distances and travel times between surveyed 

DHs and their referral hospitals. On average it takes 36.14 minutes (SD, 23.70) to reach the 

referral site at an average distance of 21.68 kilometer (SD, 16.23) from a DH. 
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Figure 2. Travel time (min) and distance (km) from community health centers (top)and district 

hospitals (bottom) to their referral sites. (a) The top pareto plot of transport time (left) from the 

community health centers to either nearest district hospital, Hue University Hospital, or Hue Cen-

tral Hospital. The corresponding distances for community health centers are shown as well (right). 

Rural regions such as Quang Ngan take nearly fifty minutes for a patient to travel from the commu-

nity health center to reach the referral site. Whereas, in urban areas travel time from Huong Phu 

community health center is less than five minutes to reach the referral site. (b) The bottom pareto 

plot shows the transport time (left) from the district hospitals to Hue University Hospital or Hue 

Central Hospital. The corresponding distances (right) for the district hospitals is shown as well. 

More mountainous regions such as Nam Dong take almost eighty minutes for a patient to travel 

from the district hospital to reach the referral site. Whereas, in Hue City, patients travel from their 

district hospital in less than ten minutes to reach the referral site.  

 

Table 6 presents site-specific placement of POC resources in primary care centers, 

patients’ homes, and emergency medical services. The Level 2 hospital and the Level 4 

hospitals suggested complete blood cell count analyzers, blood gases, electrolytes, and 

blood typing be available at primary care centers. Level 3 hospitals suggest complete 

blood cell count analyzers, urinalysis, and tests to detect HPV, malaria, hepatitis B, HIV, 

and H. pylori should be available at primary care centers. In 2 instances, Level 4 hospitals 

suggested placement of HIV tests in primary care centers. Level 2, 3, and 4 hospitals pro-

posed glucose meters be place in patient homes. In 1 instance, a Level 3 hospital recom-

mended POC complete blood cell count and electrolyte analyzers to be placed in patient 

homes. Level 2, 3, and 4 hospitals suggested POC blood gas analyzers be placed with 

emergency medical services (EMS). Level 2 and Level 4 hospitals recommended placing 

complete blood cell count analyzers with EMS and in 1 instance, a Level 4 hospital sug-

gested placing tests for malaria with EMS. 

 

 

 

  

a) 

b) 
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TABLE 6. SITE-SPECIFIC PLACEMENT OF POC RESOURCES IN PRIMARY CARE CENTERS, PATIENT HOMES, 

AND EMERGENCY MEDICAL SERVICES  

HOSPITAL 

RESPONSESa 

PRIMARY CARE CENTERS PATIENT 

HOME 

EMERGENCY 

MEDICAL 

SERVICESb,c 

LEVEL 2 

HOSPITAL 

(N=1) 

ABO blood typing, Blood gas, Cardiac 

biomarkers, CBC, ECG, Electrolytes, 

Glucose meter, Hyperlipidemia, 

Ultrasound, SpO2 

Glucose meter, 

SpO2 

Blood gas, CBC, 

Glucose meter, 

Electrolytes, SPO2  

LEVEL 3  

HOSPITALS 

(N=7) 

Glucose meter (6), CBC (4), ECG (4), 

Urinalysis (4), Cardiac biomarkers (2), 

Hyperlipidemia (2), Malaria Ag (2), 

HBsAg (2), Ultrasound (2), AST (2), 

ALT (2), bhCG (1), Urea (1), Creatinine 

(1), SpO2 (1), HPV (1), H. pylori (1), HIV 

(1), Coagulation tests (1), Prothrombin 

time (1), Activated partial 

thromboplastin time (1), Albumin (1), 

Bilirubin (1) 

Glucose meter 

(7), BP (6), CBC 

(1), Electrolytes 

(1) 

Glucose meter (4), 

ECG (2), Cardiac 

biomarkers (2), BP 

(1), Coagulation 

tests (1), Ultrasound 

(1), Blood gas (1) 

 

 

LEVEL 4 

HOSPITALS 

(N=7) 

Glucose meter (6), CBC (5), Urinalysis 

(5), ECG (4), Ultrasound (4), Blood gas 

(3), HIV (2), Coagulation tests (2), 

bhCG (2), ABO blood typing (1), 

Cardiac biomarkers (1), BP (1), SpO2 (1), 

Prothrombin time (1), AST (1), ALT (1), 

Activated partial thromboplastin time 

(1), Albumin (1), Bilirubin (1), 

Urea (1), Creatinine (1), Spirometer (1) 

Glucose meter 

(7), BP (5) 

Blood gas (2), ECG 

(2), Cardiac 

biomarkers (2), 

Malaria Ag (1), BP 

(1), CBC (1) 

 

 

ABBREVIATIONS: ALT, alanine aminotransferase; AST, aspartate aminotransferase; bhCG, beta-human chorionic gonadotropin; 

BP, blood pressure; CBC, complete blood cell count; ECG, electrocardiograph; HBsAg, hepatitis B surface antigen test; HIV, human 

immunodeficiency virus; HPV, human papillomavirus; H. pylori, helicobacter pylori; Malaria Ag, malaria surface antigen test; 

SpO2, peripheral capillary oxygen saturation.  

FOOTNOTES: aSurvey questions 2.16, 2.17, 2.18, 2.24 and 4.25. bFive community health center’s responses were provided. cFour 

district hospital’s responses were recorded, the remaining three district hospital did not request for POC tests in the hands of EMS 

staff due to the current stepwise patient triage. 

 

Table 7 reports hospital preparedness for highly infectious diseases. All hospital lev-

els are unprepared for highly infectious disease outbreaks. All levels reported no isolation 

facilities near or outside the main hospital, however, each level reported staff trained to 

use personal protective equipment (PPE). The Level 2 hospital has an isolation laboratory 

within the main hospital and capable of detecting TB via a PCR instrument. Table 8 pre-

sents hospital preparedness for patients with Ebola Virus Disease (EVD). All levels lack 

adequate diagnostic tests to detect EVD and are unprepared for patients suspected of hav-

ing EVD. All hospital levels lack proper isolation facilities and directly transfer EVD pa-

tients to referral sites by ambulance. 
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TABLE 7. HOSPITAL PREPAREDNESS FOR PATIENTS WITH HIGHLY INFECTIOUS DISEASES  

SURVEY QUESTIONS LEVEL 2 

PROVINCIAL 

HOSPITAL (N=1) 

 

LEVEL 3 DISTRICT 

HOSPITAL (N=1) 

LEVEL 4 

COMMUNITY 

HEALTH 

CENTER (N=1) 

6.1. Does your hospital have 

preparations in place for highly 

infectious disease 

outbreaks/epidemics? 

No No No 

6.5 Are staff trained to use PPE? If 

yes, which staff members? 

Yes 

(Doctors, nurses, lab 

staffs). 

Yes 

(Doctors, nurses, lab 

staffs) 

Yes 

(Doctors, nurses) 

6.6. Is there an Isolation unit or 

facility near/outside the hospital for 

patients suspected having a highly 

infectious disease? 

No No No 

6.7. Is there an isolation laboratory 

available for patients suspected of 

having a highly infectious agent? 

Yes No No 

6.12. Are there molecular 

diagnostics available to detect any 

highly infectious disease?   

Yes 

(PCR to detect TB) 

No No 

6.13. Is there proper 

isolation/quarantine equipment and 

facility to successfully contain a 

highly infectious disease?  

No No No 

ABBREVIATIONS: EVD, ebola virus disease; PCR, polymerase chain reaction; PPE, personal protective equipment; TB, tuberculosis. 
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TABLE 8. HOSPITAL PREPAREDNESS FOR PATIENTS WITH EBOLA VIRUS DISEASE 

SURVEY QUESTIONS LEVEL 2 

PROVINCIAL 

HOSPITAL (N=1) 

 

LEVEL 3 DISTRICT 

HOSPITAL (N=1) 

LEVEL 4 

COMMUNITY 

HEALTH CENTER 

(N=1) 

Is your hospital prepared for a patient 

suspected of having EVD? 

No No No 

Does your hospital have diagnostic tests 

to detect EVD? 

No No No 

Does your hospital have PPE for staff 

when dealing with EVD? 

Yes Yes Yes 

What is the first step taken to isolate or 

quarantine a patient with EVD? 

None, inform Hue 

Central Hospital 

(Level 1a) 

None, inform the 

referral hospital 

 

None, inform the 

referral hospital 

Is the EVD patient transferred to a 

referral hospital? 

Yes Yes Yes 

What method of transportation is used 

to transfer the patient infected with 

EVD?  

Ambulance  Ambulance Ambulanceb 

What is the first step taken to detect and 

diagnose a patient suspected of having 

EVD? 

None None None 

ABBREVIATIONS: EVD, ebola virus disease; PPE, personal protective equipment. 

FOOTNOTES: aInfectious disease department located in Hue Central Hospital. bCommunity health centers do not have ambulances 

on-site. Instead, the CHCs call 115, an Emergency Medical Service ambulance will drive to the CHC site to pick up a patient and then 

transfer the patient to a referral hospital. 

 

Table 9 presents government directives and test clusters which can be used to diag-

nose patients with infectious diseases. All hospitals levels are unable to detect patients 

with Zika virus. Level 1 and 2 hospitals have RT-PCR tests available for the identification 

of SARS-CoV-2. Level 1, 2, and 3 hospitals are capable to detect microcephaly late in the 

second trimester or early in the third trimester of pregnancy by using an ultrasound. Level 

4 hospitals are unable to detect dengue fever, syphilis, cholera, TB, HIV, and methicillin-

resistant staphylococcus aureus (MRSA). No government directives are available for 

MRSA. No specific tests are mentioned in the government directives for severe acute res-

piratory syndrome (SARS). Molecular diagnostics such as GeneXpert MTB/RIF, capable 

of detecting resistance TB, was only available at the TB and Respiratory Disease Center. 

All hospitals levels are unable to detect EVD and middle east respiratory syndrome coro-

navirus (MERS-CoV). Diagnostic instrumentation such as RT-PCR and PCR are only 

available at the Level 1 and Level 2 hospital, however, both lack necessary PCR reagents 

to detect Zika, EVD, MERS-CoV, and cholera. According to an official from the Microbi-

ology Department at Hue University Hospital, reagents for cholera take 2-4 weeks to ar-

rive. Tests to confirm Zika virus, EVD, and MERS-CoV must be sent to facilities author-

ized by the Ministry of Health, such as the National Hospital of Tropical Disease, National 

Institute of Hygiene and Epidemiology, or Pasteur Institute in Ho Chi Minh City (HCMC). 
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TABLE 9. GOVERNMENT DIRECTIVES, TEST CLUSTERS, AND AVAILABLE TESTING LOCATIONS FOR PATIENTS WITH HIGHLY INFECTIOUS 

DISEASES  

DISEASE TEST 

CLUSTERS 

AVAILABLE 

TEST 

LOCATIONS 

GOVERNMENT DIRECTIVES 

NOVEL 

CORONAVIRUS-

2019 (COVID-19) 

• RT-PCR 

• Rapid 

antigen 

• Level 1, 2 

• Level 1, 2, 3, 

4 

Decision 250/QD-BYT Directive for the diagnosis and treatment of COVID-

19, Janurary 28th, 2022 

ZIKA  

 

 

• IgMa 

• RT-PCRb 

• Fetal 

ultrasoundc 

• Not available 

• Not 

availablei 

• Level 1, 2, 3 

Decision no.439/QD-BYT Directive for diagnosis and treatment of Zika, 

February 5, 2016 

DENGUE FEVER 

 

• Rapid testd: 

NS1, IgM  

• ELISAe: 

IgM, IgG  

• PCRf 

 

• Viral 

culturef 

• Level 1, 2, 3 

 

• Level 1, 2 

 

• Level 1, 2 

 

• Not available 

Decision no. 458/QD-BYT Directive for diagnosis and treatment of Dengue 

fever, February 16, 2011 

MIDDLE EAST 

RESPIRATORY 

SYNDROME 

CORONAVIRUS 

(MERS-CoV) 

• RT-PCR • Not 

availablei 

Decision no.3014/QD-BYT Directive for diagnosis and treatment of MERS-

CoV, August 13, 2014 

EBOLA VIRUS 

DISEASE (EVD) 

• Antigen 

• Antibody 

•  PCR  

• Viral 

culture 

• Not available 

• Not available 

• Not 

availablei 

• Not available 

Decision no. 2968/QD-BYT Directive for diagnosis and treatment of Ebola 

Virus Disease, August 8, 2014  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 July 2022                   doi:10.20944/preprints202207.0339.v1

https://doi.org/10.20944/preprints202207.0339.v1


 

MALARIA • Giemsa 

blood 

smear test 

• Rapid 

diagnostic 

tests  

• Level 1, 2, 3, 

4 

 

• Level 1, 2, 3, 

4 

Decision no. 4845/QD-BYT Directive for diagnosis and treatment of 

Malaria, September 8, 2016 

SYPHILIS • Dark field 

microscopy  

• Nonspecifi

c tests 

(RPR, 

VDRL) 

• Specific 

tests (TPI, 

FTA, FTA-

ABS, 

TPHA)  

• Level 1, 2, 3 

 

 

• Level 1, 2 

 

• Level 1, 2 

Decision no. 75 QD/BYT Directive for diagnosis and treatment of 

dermatologic diseases, pg. 190-191, January 13, 2015 

CHOLERA  • Fecal 

smear  

• Fecal 

culture 

• PCR  

• Level 1, 2, 3 

• Level 1, 2, 3 

• Not 

availablej 

Decision no. 4178/QD-BYT Directive for diagnosis and treatment of 

Cholera, October 21, 2017 

HUMAN 

IMMUNODEFICIE

NCY VIRUS (HIV) 

• HIV testsg 

• PCRh 

 

• Level 1, 2, 3 

• Not 

availablej  

 

 

Decision no. 3047 QD/BYT Directive for management, treatment and care 

of HIV/AIDS, pg. 89-91, July 22, 2015 

TUBERCULOSIS • Chest X-

ray 

• AFB test 

• Level 1, 2, 3  

• Level 1, 2, 3 

• Not 

availablek,l 

Decision no. 4263 QD/BYT Directive for diagnosis, treatment, and 

prophylaxis of Tuberculosis, pg. 1-2, October 13, 2015  
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• GeneXpert 

MTB/RIF  

• Sputum 

culture 

 

• Level 1, 2, 3 

 

 

METHICILLIN-

RESISTANT 

STAPHYLOCOCC

US AUREUS 

(MRSA) 

• Bacterial 

culture-

sensitivity 

test 

• Level 1, 2, 3 None available 

SEVERE ACUTE 

RESPIRATORY 

SYNDROME 

(SARS) 

• No specific 

test 

• Not 

applicable 

Decision no. 1113/2003/QD/BYT       Directive for diagnosis, treatment, 

and prophylaxis of SARS, April 4, 2003 

ABBREVIATIONS: AFB, acid-fast bacteria; CBC, complete blood cell count, ELISA, enzyme-linked immunosorbent assay; FTA/FTA-ABS, fluorescent treponemal antibody 

absorption; MTB/RIF, mycobacterium tuberculosis resistance to rifampicin; NS1, non-structural protein-1; RPR, rapid plasma regain; RT-PCR, reverse transcription polymerase chain 

reaction; TB, tuberculosis; TPHA, treponema pallidum hemagglutination assay; TPI; treponema pallidum immunization; VDRL, venereal disease research laboratory. 

FOOTNOTES: aPerformed four days after the onset of symptoms. bTest chosen for Zika diagnosis with specimens of either serum, urine, CSF, amniotic fluid. cPerformed in infected 

pregnant women in order to detect microcephaly in the fetus. dDetect NS1 antigen within the first five days; detect IgM antibody after the fifth day. eDetect IgM: taken after the fifth 

day; detect IgG: taken 2 times, 1 week apart. If the second reading is 4 times the value of the first test then patient is ruled as positive for having dengue fever. fViral isolation from 

blood sample collected when patient is suffering from a fever. gFor children older than 18 months old and adults. Adults are diagnosed on the basis of HIV antibody testing: having 

HIV seropositive for all three HIV antibody tests from different types of biological agents as described by the Ministry of Health. hFor children <18 months old. iSuspected cases are 

sent and are confirmed in centers which are verified by WHO and are authorized by the Ministry of Health (National Hospital of Tropical Disease, Hospital of Tropical diseases in 

Ho Chi Minh City, National Institute of Hygiene and Epidemiology, and Pasteur Institute in Ho Chi Minh City). jNo reagents are available to perform the test. kGeneXpert MTB/RIF 

is available at the TB and Respiratory Disease Center however, unavailable at any hospital level. lHue University Hospital has PCR instrument to detect TB.
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Table 10 reflects hospital levels diagnostic test availability and methods used for 

emerging pandemic and epidemic threats, bloodborne pathogens, foodborne illnesses, 

and vector-borne diseases. Due to the pandemic, there is a ubiquitous supply of COVID-

19 rapid antigen tests (RAgTs) at all surveyed Level 2, 3, and 4 hospitals. The PH and one 

DH reported the capability of running PCR tests for COVID-19. In general, Level 4 hospi-

tals lack diagnostic testing for emerging pandemic and epidemic threats, bloodborne 

pathogens, foodborne illnesses, and re-emerging infectious diseases. One Level 4 hospital 

had a rapid diagnostic test (RDT) and Giemsa stain for malaria, however, no diagnostic 

tests for dengue fever are available. Level 3 hospitals had few diagnostic tests, but all had 

RDTs for HIV and hepatitis B. The PH had broader diagnostic testing capabilities but all 

health facilities lacked public health preparedness for highly infectious disease threats 

(Ebola, MERS-CoV, SARS and Zika).  

 

TABLE 10. EMERGING PANDEMIC AND EPIDEMIC INFECTIOUS DISEASES THREATS AND DIAGNOSTIC 

TESTS AVAILABLE IN CENTRAL VIETNAM HOSPITALS  

DISEASE LEVEL 4 HOSPITALS 

(N=7) 

(AVAILABILITY %, 

METHOD) 

LEVEL 3 HOSPITALS 

(N=7) 

(AVAILABILITY %, 

METHOD) 

LEVEL 2 HOSPITAL 

(N=1) 

(AVAILABILITY, 

METHOD) 

COVID-19 100, RAgTs 100, RAgTs, 14, PCR Yes, RT-PCR, RAgT 

Zika 0 0 No 

Ebola 0 0 No 

MERS-CoV 0 0 No 

SARS 0 0 No 

Influenza A 0 0 Yes, PCR 

Influenza B 0 0 Yes, PCR 

H1N1 0 0 Yes, PCR 

H7N9 0 0 Yes, PCR 

BLOODBORNE PATHOGENS, DIRECT, AND INDIRECT CONTACT TRANSMISSION 

HIV 0 100, rapid antibody 

test 

Yes, rapid antibody 

test 

Syphilis 0 14, dark field 

microscopy 

Yes, rapid antibody 

test, RPR, TPHA 

Gonorrhea 0 14, gram-stain smear Yes, real-time PCR, 

rapid antibody test, 

gram-stain, culture 

Chlamydia 0 0 Yes, PCR, rapid 

antibody test 

HBV 0 100, antigen, antibody Yes, real-time PCR, 

antigen/antibody 

HCV 0 43, antibody Yes, antibody 

HPV 0 14, Pap smear Yes, PCR, Pap smear 

CMV  0 0 Yes, PCR, antibody 

HSV  0 0 Yes, PCR, Tzanck 

smear 
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DIGESTIVE AND FOODBORNE ILLNESSES 

Dysentery 0 14, culture Yes, culture 

HAV 0 29, antibody Yes, antibody  

H. pylori. 0 29, antibody, breath 

test, culture 

Yes, antibody, breath 

test, culture 

E. Coli 0 14, culture Yes, culture 

Salmonella 0 14, culture Yes, culture 

Toxoplasma  0 0 Yes, antibody 

VECTOR-BORNE INFECTIOUS DISEASES 

Dengue fever 0 29, NS1, antibody Yes, NS1, antibody 

Malaria  29, blood culture, 

rapid antibody test 

43, blood culture, 

rapid antibody test 

Yes, blood culture, 

rapid antibody test 

RE-EMERGING AIRBORNE INFECTIOUS DISEASES 

TB 0 14, AFB Yes, PCR, AFB, culture 

Rubella  0 14, rapid antibody test Yes, rapid antibody 

test 

ABBREVIATIONS: AFB, acid-fast bacillus test; AIDS, acquired immunodeficiency syndrome; CMV, cytomegalovirus; Ebola, ebola 

virus disease; E.coli, escherichia coli; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human 

immunodeficiency virus; HPV, human papillomavirus; HSV, herpes simplex virus; H. pylori, helicobacter pylori; H1N1, swine flu; 

H7N9, avian influenza A; MERS-CoV, middle east respiratory syndrome coronavirus; NS1, nonstructural protein 1 antigen test; PCR, 

polymerase chain reaction; RAgT, rapid antigen test; RPR, rapid plasma reagin; SARS, severe acute respiratory syndrome; TB, 

tuberculosis; TPHA, treponema pallidum hemagglutination assay; Zika, zika virus disease. 

FOOTNOTES: aSurvey questions 4.14, 4.15, and 6.12 (see infectious disease survey questionnaire). 

4. Discussion 

4.1 HEALTHCARE INSURANCE 

  Vietnamese healthcare insurance policies impose a financial deterrent on patients 

directly visiting downstream tertiary hospitals for non-life-threatening emergency cases. 

In order to avoid financial liability, a patient must first visit a Level 4 hospital in a non-

life-threatening emergency case before being referred to a tertiary hospital (Level 1 or 

Level 2) for treatment and care.  

In a non-life-threatening emergency case if a patient bypasses a Level 4 and Level 3 

hospital for a higher tier tertiary hospital (Level 1 or Level 2 hospital), health insurance 

plans will reimburse  40% (Level 1) to 60% (Level 2) for inpatient services. This percent-

age is expected go up to 100% in 2021 for Level 2 hospitals and remain the same for level 

1 hospitals [23]. In life-threatening emergency cases, insurance plans reimburse 100% for a 

visit to a Level 1 or Level 2 hospital. 

As of November 2015, residents of TTHP are allowed to bypass Level 4 hospitals to 

visit Level 3 hospitals regardless of their perceived illness severity for inpatient and out-

patient services [24]. However, this policy applies to residents’ in a province. A traveler 

from a neighboring province intending to visit Hue Central Hospital (1 out of 3 Level 1 

hospitals in the country) or Hue University Hospital will be required to first visit a Level 

4 hospital then a Level 3 hospital and onwards in a step-wise fashion.  
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Care shifted upstream to the site of the patient can conserve financial resources, 

time, and spare lives especially when an outbreak and epidemic has the potential to af-

fect every hospital level.  

In addition, bypassing Level 4 hospitals is common and people frequently seek care 

at higher tier tertiary hospitals (Level 1 and Level 2) to get treatment for diseases that 

could be managed by Level 3 and Level 4 hospitals. Hence, bypassing lower level hospi-

tals, increases the burden on higher tier facilities contributing to overcrowding [25].  

4.2 GEOGRAPHIC OPTIMIZATION 

On-site diagnostic testing should be integrated into public health strategies for iso-

lation and disease control. Point-of-care instruments distributed along a SWN will en-

hance crisis preparedness and public health resilience. Disease surveillance capacity can 

be strengthened by trained non-laboratory staff capable of testing and counseling pa-

tients in resource-limited settings such as CHCs and DHs deficient in health profession-

als [26]. Diagnostic tests made available upstream near patient homes in the SCPTM can 

prevent the burden of overwhelming diagnostic delays and overcrowding downstream 

[27]. Collated epidemiological data from historical outbreaks have indicated that diag-

nostic delays contribute to epidemic size [28]. Risks associated with emigration of hu-

mans and pathogens across geographical and political boundaries can lead to rapid 

spread of disease into developing pandemics.  

In Figure 3a (top), mountainous regions such as Nam Dong take nearly eighty 

minutes for a patient to travel from the DH to reach the referral site. Whereas, in Hue 

city, patients travel from their DH in less than ten minutes to reach the referral site. Ru-

ral regions, such as Quang Ngan take nearly fifty minutes for a patient to travel from the 

CHC to reach the referral site. Whereas, in urban areas a patient’s travel time from Hu-

ong Phu CHC is less than five minutes to reach the referral site. The SWN time contours 

illustrate the temporal and geospatial domain for the CHCs and DHs to reach HUH. 

Physical road maps are shown by highways illustrates the most efficient routes patients 

take by traveling from one site to a referral site downstream the SCP. Surveyed CHCs in 

the red zone should perform rapid POCT on site which can allow patient transport di-

rectly downstream by bypassing the DH while reducing TTAT for rapid treatment and 

isolation. Field deployment of rapid diagnostic tests in geographically isolated areas 

could aid in identifying patients with a highly infectious disease in remote communi-

ties. All CHCs (level 4 hospitals) surveyed lacked microbiology facilities. Thus, POC 

pathogen detection would be useful in all zones.  

In Figure 3b (bottom), TTHP SWN time contours illustrate the temporal and geo-

spatial domain for all CHCs and DHs in TTHP to reach HUH. Many CHCs in the red 

zone lack adequate treatment and isolation. Incoming travelers from Quang Nam, Da 

Nang, and Quang Tri will be required to travel in a stepwise fashion through each level 

before reaching interventional treatment. POCT implemented nearby patients in CHCs 

and DHs will help achieve timely evidence-based decision making based on POC test 

results for incoming travelers and locals who require rapid medical response.  
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Figure 3. (a) SWN time contours of surveyed health facilities. Thua Thien Hue Province SWN time 

contours (top) illustrate the temporal and geospatial domain for the community health centers and 

district hospitals to reach Hue University Hospital. Physical road maps are shown by highways 

illustrates the most efficient routes patients take by traveling from one site to a referral site down-

stream the SCP. Travel times (colored contours) and main roads (bold black) are shown. Surveyed 

community health centers in the red zone should perform rapid POCT on site to allow patient 

transport directly downstream and bypass the district hospital while reducing TTAT for rapid treat-

ment and isolation. All community health centers surveyed lacked microbiology facilities. Thus, 

POC pathogen detection would be useful in all zones; (b) District hospitals and community health 

centers in Thua Thien Hue Province. The time contours map (bottom) illustrates the temporal and 

geospatial domain between all community health centers and all district hospitals to reach Hue 

University Hospital. Influx of travelers from Laos, Quang Nam, Da Nang, and Quang Tri requires 

several hours as they will be required to travel in a stepwise fashion through each level before reach-

ing interventional care. Community preparedness can be enhanced with POCT in Community 

health centers in the red zone that lack adequate diagnostic testing. POCT available near patients in 

community health centers and district hospitals will serve as a hub for incoming travelers and locals 

who require rapid medical response. 

4.3 DISEASE SURVEILLANCE CAPACITY 

A key challenge in infectious disease (e.g. COVID-19, Zika, Malaria, EVD, Dengue 

virus, etc.) surveillance is detection and geographic distribution of patients with the dis-

ease [29]. Infectious diseases spread in patterns characteristic of SWNs. Infected patients 

can spread the disease to others as soon as symptoms appear, as with EVD and even 

before symptoms for COVID-19, requiring quick identification and isolation to mitigate 

disease outbreaks. Public health surveillance utilizing contact tracing of suspected in-

fected individuals can be useful for containing highly infectious threats, especially when 

POC tests results are known early on [30-32]. 

A person with EVD can transmit the disease once symptomatic [30]. Many hospi-

tals in developing countries embedded POCT to manage EVD transmission by provid-

ing timely and accurate diagnostics [12,16,33].  Hence, detection at the initial points of 

patient contact minimize spread and prevent outbreaks from occurring. Geographically 

optimized placement of POC tests near patients’ homes can prevent high risk transmis-

sion from traveling downstream in the SCP (see Figure 4). Community health centers 

and DHs are limited to glucose tests, pregnancy tests, urine tests, and electrocardio-

graphs (ECGs). Basic critical care companion tests (electrolytes, blood gases, etc.) can be 

integrated in CHCs and DHs upstream to serve more patients near their homes and re-

duce the risk of transmission from occurring downstream in the SWN. 
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Figure 4. Healthcare network and point-of-care testing spectrum. Limited resource settings in ru-

ral communities and villages can take advantage of the POCT spectrum for accessibility to diag-

nostic testing near their home which maximizes healthcare efficiency. The current healthcare net-

work requires patients in rural communities to travel over an hour for diagnosis and interven-

tional care.  

Spatial Care PathsTM can expedite patient care from initial points of contact with 

diagnostic tests to interventional care and isolation by eliminating time consuming steps 

and risks associated with transportation from one hospital level to the next. All CHCs 

and many DHs lacked proper diagnostic and laboratory equipment, requiring patients 

to move down downstream in the SCP. Portable POC diagnostic tests are effective in 

screening patients in remote villages and communities with high patient volumes per 

physician. Emergency medical service staff with on hand diagnostic tests can assess pa-

tient’s status and contribute to a decision to transfer a patient to a health facility with an 

isolation unit. Point-of-care tests can deliver value to clinical decision making for pa-

tients suspected of having sepsis, where delay in appropriate treatment can be fatal.  

Vietnamese rural health is affected by lack of accessibility to adequate healthcare 

close to home especially when resources are concentrated in the city. Point-of-care test-

ing utilization can help dissolve healthcare inequity between patients in rural and urban 

regions (see Figure 4). In rural limited resource settings, rapid POC tests can help drive 

patients to seek medical attention in a timely manner before symptoms become severe.  
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4.4 ESSENTIAL DIAGNOSTIC TESTS, ANTIMICROBIAL STEWARDSHIP, & ISO-

LATION LABORATORIES 

The WHO Essential Diagnostic List is a useful start for Vietnamese policy-makers 

to adopt tests to implement at the national level [34]. Limited availability of POCT can 

overwhelm the central laboratory. Point-of-care testing can fulfill diagnostic testing de-

mands, accelerate management, extend laboratory testing within hospital departments, 

reduce TTATs and patient readmissions [27]. Multiplex diagnostic tests can be beneficial 

when pathogens create similar clinical symptoms and signs as in the case of EVD, or 

when samples are difficult to collect or short on volume [31-33]. 

Evidence-based devices, such as an I-Stat® device (Abbott, USA) made accessible at 

the patient bedside, proved reliable in an Ebola treatment center, ICUs, and in the after-

math of the Haiti earthquake of 2010, for monitoring blood gas analysis, coagulation, 

and basic biochemistry testing [36]. A study by Strecker et al. [37] found a capillary 

blood specimen could serve as an alternative to a venous blood sample for the rapid di-

agnosis of Ebola virus infections in resource-limited settings. Similarly, the REEBOV 

rapid diagnostic test kit has high sensitivity and specificity at the POC in rural and la-

boratory settings allowing healthcare workers to quarantine, monitor, and provide sup-

portive treatment (e.g. rehydration, electrolytes, antibiotics, antimalarials) to the patient 

[38,39]. Similarly, the TB-LAM (Alere, USA) is a rapid diagnostic test, capable of detect-

ing TB within 25 minutes and costs less than $3 (USD) per test [40]. The matrix-assisted 

laser desorption/ionization-time-of-flight mass spectrometer (MALDI-TOF MS) is a fast, 

accurate, and inexpensive identification system compared to other immunological or 

biochemical tests and is predicted to become the standard method for pathogen identifi-

cation in the microbiology laboratory [41]. A study by Chan et al. [42] used a thermos 

thermal cycler to detect STDs, EVD, HIV/AIDS, and dengue virus, costing less than $200 

to build and could test eight specimens at a time. 

4.4.1 Avian and Seasonal Influenza Tests 

Rapid influenza diagnostic tests (RIDT) can enable physicians in Vietnam to insti-

tute prompt measures of infection control during seasonal influenza outbreaks in remote 

settings or when the central laboratory is overwhelmed [43,44]. The current risk posed 

by the Asian lineage H7N9 influenza (pandemic influenza) virus is rated by the Influ-

enza Risk Assessment Tool as having the greatest potential to cause a pandemic, as well 

as potentially posing the greatest risk to public health [45]. 

According to the Clinical Laboratory Improvement Amendments of 1988 (CLIA), 

cleared RIDTs can produce results within 15 minutes at the POC and can help identify 

seasonal influenza and help minimize prescribing unnecessary antibiotics. Molecular 

assays real-time RT-PCR is the preferred method to identify the H7N9 influenza virus 

[44,46].  

4.4.2 Antimicrobial Resistance Susceptibility Testing 

Early detection of MRSA on admissions or in intensive care units where patient 

vulnerability is great can reduce spread and the risk of development of sepsis. In a sus-

pected septic patient, blood cultures can be costly especially if targeted antimicrobial 

treatment is not administered within six hours. Point of care molecular diagnostics can 

help physicians identify a causal pathogen and provide targeted antimicrobial treat-

ment. However, AMR is a major factor which results in clinical unresponsiveness to 

treatment and progression to septic shock [47]. Accurate diagnosis of septic patients can 

mitigate unnecessary antibiotic use [48]. The lack of proper monitoring of vital signs, 

which is unavailable in Level 4 hospitals, is necessary to guide clinical management of 

patients with sepsis. Antimicrobial susceptibility testing is performed in Level 1, 2, and 3 
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hospitals. However, a majority of antibiotics being prescribed are in primary care set-

tings by Level 4 physicians where no antimicrobial susceptibility testing can be per-

formed.  

Infected individuals with EVD have overlapping symptoms with malaria and chol-

era (electrolyte imbalances), which make it difficult to diagnose as patients are simply 

treated on the basis of a constellation of non-specific symptoms and signs that are clini-

cally indistinguishable from other co-endemic diseases [49-51]. Antibiotics are a corner-

stone for the management of bacterial infections, which should be used with caution and 

only when necessary. Rapid POCT in microbiology laboratories in conjunction with anti-

microbial guidelines and policies, support from antimicrobial pharmacists, heterogenous 

antibiotic use, and reduction in length of antimicrobial chemotherapy can help deliver 

antimicrobial stewardship [41]. 

4.4.3 COVID-19, Zika, & Malaria Tests 

The COVID-19 pandemic, now its third year, has confirmed the need for point-of-

care testing at points of need. Currently, RT-PCR and RAgTs are available at the Level 1 

and 2 hospitals. Level 3 hospitals in and around Ho Chi Minh City (HCMC) have been 

retrofitted to serve as isolation & treatment wards for those suspected or infected with 

COVID-19 [52]. Many COVID-19 RAgTs are now ubiquitous and accessible for people 

suspected of having COVID-19 in pharmacies throughout TTHP and at Level 3, and 4 

hospitals by appointment.  

In diagnosing patients with Zika virus, Levels 1, 2, and 3 hospitals in Central Vi-

etnam primarily rely on fetal ultrasound as their diagnostic tool. However, according to 

the CDC there is no optimal timing or accuracy to detect microcephaly using fetal ultra-

sound among pregnant women with possible maternal Zika virus exposure [53]. The 

accuracy of microcephaly detection is influenced by many factors such as, the time of 

maternal infection relative to the time of screening, severity, patient factors (e.g., obe-

sity), gestational age, equipment used, and the expertise of the person performing the 

ultrasound [53,54]. The FDA has issued Emergency Use Authorization (EUA) for several 

molecular diagnostic tools for detecting the presence of Zika virus [29,53,54]. 

Since 1958, testing and diagnosis of Malaria became available free of charge for the 

Vietnamese public sector. However, few Malaria diagnostic tests were available across 

surveyed primary care centers and DHs in Central Vietnam [55]. 

4.4.4 Sexually Transmitted Diseases Tests 

A strategy for early intervention or treatment is screening [33]. In CHCs, immediate 

treatment of curable sexually transmitted diseases (STDs) has often been based on syn-

dromic management. Symptom management is limited in identifying asymptomatic in-

fections (false negatives) and leads to overtreating patients (false positives) without 

proper laboratory testing. Community health centers and DHs lack adequate STD test-

ing (see Table 10). Improving testing coverage and reducing time to treatment by imple-

menting rapid POC tests for chlamydia, gonorrhea, syphilis, herpes simplex virus 

(HSV), human papillomavirus (HPV), and HIV in Central Vietnam can help physicians 

avoid unnecessary treatment and the risk of antibiotic resistance. A study by Guy et al 

[56], showed that routine testing using the GeneXpert platform in Australia’s remote 

primary care settings reduced the prevalence rate of STDs [57]. Simple multiplex POC 

tests for syphilis and HIV are relatively simple and can be used outside reference labora-

tory infrastructures in CHCs and patient homes [58]. Accessible POC HIV, chlamydia, 

and gonorrhea testing proved essential to early diagnosis, initiation of targeted treat-

ment, increased life expectancy in remote primary care settings [57,59]. Hence, 
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decentralization of multiplex POC tests for STDs in primary care settings offers a practi-

cal solution for screening [60]. 

4.4.5 Testing for Hepatitis  

Hepatitis viruses (HBV, HCV) have a high prevalence in Vietnam with approxi-

mately 8.6 million infected individuals [61]. Remote primary care settings capable of 

HBV testing and vaccinations in real-time can alleviate disease burden. In a study by 

Smith et al. [62], rural villages in Guatemala with access to POC HBV testing improved 

linkage to clinical care and made HBV negative individuals eligible for vaccinations. 

Point-of-care hepatitis C tests are inexpensive and do not require laboratory infrastruc-

ture and skills. Both HBV and HCV are generally asymptomatic and prone to misdiag-

nosis and result in delayed care for symptomatic individuals.  

4.4.6 Isolation Laboratories 

Level 3 and 4 hospitals lack isolation facilities. Patients who display Ebola hemor-

rhagic fever are immediately isolated without the use of central laboratories, which may 

cause contamination and health facilities to shut down similar to countless COVID-19 

outbreaks that left hospitals inoperable [63]. Community isolation centers equipped with 

POC tests can provide early detection and disease surveillance to prevent spread in local 

and regional SWNs. Construction of isolated laboratories with POC molecular diagnos-

tic tests near the patient can fulfill regulatory and safety requirements of a BLS4 facility 

[34]. Isolation beds can house suspected patients and separate them from other patients 

in order to avoid transmission of the disease. In the absence of proper isolation, patients 

can transmit viruses and resistant bacterial organisms to healthcare staff, elderly, chil-

dren, and pregnant women. 

4.5 DIAGNOSTIC TEST CRITERIA AND PLACEMENT 

  According to WHO, the least number of steps to complete a diagnostic test are 

ideal. Minimal preparation steps required, <3 steps (desired) and <10 steps (acceptable) 

[31,32]. An ideal diagnostic test should follow the ASSURED principles: A-affordable, S-

specific, S-sensitive, U-user friendly, R-rapid and robust, E-equipment free, and D-deliv-

erable to stakeholders [49,64]. If more than one POC test is available, Vietnamese public 

health professionals can make a diagnostic test selection based on performance, environ-

mental specifications, portability, sensitivity, specificity, and predictive values to pre-

pare for disease outbreaks.  

POC test placements in different level hospitals and on ambulances should be opti-

mized based on SCP designs for rescuing, diagnosing, and treating patients rapidly 

[33]. A patient who perceives themselves as critical-ill can directly visit HUH or HCH. 

However, many patients remain uncertain of the severity of their illness and may first 

travel to a CHC then a DH before being transported to either HUH or HCH. Geospatial 

analysis can utilize limited-resource implementation strategies for placement of health 

resources to be used in disasters and disease outbreaks that may impact the healthcare 

system [65,66]. Thus, GIS can be used to streamline clinical decision making upstream in 

the SCP in limited resource settings, which can benefit from accessibility to diagnostic 

testing nearer patient homes (see Figure 4). 

Point-of-care testing programs can be designed and implemented in rural and re-

mote areas to educate and train healthcare staff on the use of RAgTs for infectious dis-

eases [67]. Test clusters can be selected for types of disasters [68,69]. Brock et al. [70] rec-

ommended the following pandemic diagnostic tests health facilities: Influenza A/B, 

H1N1, Avian H5N1, EVD, SARS, MERS-CoV, Zika, and MRSA for bloodstream patho-

gens. It makes perfect sense to use affordable POC tests, which require very little 
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infrastructure that take less time in triaging patients without contaminating central la-

boratory services, meanwhile, being highly sensitive and specific [11]. 

4.6 LIMITATIONS 

There are several limitations to this study. We surveyed a small sample of CHCs 

and DHs in TTHP and our results could have been better represented if all CHCs and 

DHs were surveyed in TTHP. Due to language barriers, the accuracy of translations 

could have been misconstrued even with the assistance of medical student translators. 

Due to the COVID-19 pandemic, data collection on COVID-19 was derived through 

MoH publications, email discussions, and dialogues but may not reflect the true impact 

it has had on patients across the healthcare system in Central Vietnam.  

5. Conclusions 

• Needs Assessment. The hospitals surveyed in Central Vietnam lacked adequate re-

sources and preparedness for the rapid diagnosis of highly infectious pathogens at both 

points of care and in hospital laboratories. Lack of POC infectious disease testing in the 

rural communities and distant geographical regions of TTHP means patient access and 

route to rapid interventional care and isolation for highly infectious diseases is compro-

mised. Evidence based decision making was deficient in primary care centers. In order 

to improve healthcare access, improving availability and accessibility to rapid diagnostic 

information will be a catalyst in optimizing a public health framework by making it 

more resilient for local communities. 

• POC Coordinators. POC Coordinators are essential in implementing POCT, assuring 

quality control of instrumentation, and are valuable in facilitating accreditation (e.g., ISO 

22870) [71]. POC Coordinators should be able to oversee several primary care centers on 

a daily basis to ensure the proper use of test results. 

•Novel Technologies. Novel technology (paper-based, smartphone-based) with en-

hanced accuracy, portability, and response can reduce the TTAT to care and costs in de-

centralized health settings [72]. Multiplex molecular diagnostics for infectious diseases 

utilize large test clusters to screen for various pathogens and avoid substantial delays in 

TTAT to treatment and improve patient health outcomes [73]. 

• Upstream Shift via SCPTM. Point-of-care testing placed upstream in SCPsTM (see Figure 

3) can reduce timely critical decision making for patients presenting with disease-like 

symptoms of highly infectious diseases in the community. Point-of-care testing place-

ment upstream offers a unique ability to detect infected patients that must be quaran-

tined and isolated. 

•Geographic Information System. Incorporation of GIS and temporal analysis will play 

an important role in visualizing inefficiencies in current health care access and under-

standing how patients utilize health networks. Geospatial analysis can help visualize 

redistribution of health resources and placement of POC tests to be used in cases of dis-

asters (e.g. tsunamis, earthquakes) and disease outbreaks that may impact healthcare 

systems, especially rural healthcare. 

• Isolation Laboratories/Units. The COVID-19 pandemic, EVD, and MERS-CoV crises 

proved unequivocally the importance of POCT usage in isolation laboratories. Due to 

the high risk of contamination and inoculation—if patients’ specimens sent to the clinical 

laboratory are aerosolized, spilled, or broken, it would shut down centralized laboratory 

testing and cripple hospital functions. POC testing with integrated diagnostic test clus-

ters delivered in compact packages to an isolation laboratory/unit would shorten test 

processing and help eliminate unnecessary centrifugation steps. 
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5.1 FUTURE RECOMMENDATIONS 

•Community Resilience. Community resilience can be enhanced through the dynamic 

relationship among GIS, SWN, and POCT. We recommend that actionable evidence 

gathering in a SWN should shift to individuals in homes, primary care centers, and gen-

erally upstream in the SCP where it is needed the most, for early detection of highly in-

fectious diseases. Point-of-care tests near patients’ homes for immediate diagnosis at 

points of need can enhance public health readiness and resilience by minimizing the ef-

fects of outbreaks in remote areas (see Figure 5).  

  

Figure 5. Dynamic model to enhance community diagnostic capabilities. Community resilience 

can be enhanced through the dynamic relationship between GIS, SWN, and POCT. GIS plays an 

important role in identifying geospatial relationships between health resources in SWNs. By opti-

mally incorporating POCT in SWN, vulnerable health resource facilities may obtain diagnostic 

medical information that drives clinical decision making upstream a SCP. 

•Public Health Preparedness. Health institutions and practitioners in Vietnam can work 

with the Provincial People’s Committee and Commune People’s Committee to decrease 

the likelihood of disease transmission by ensuring all personnel from all levels (Levels 1, 

2, 3, 4) can provide rapid diagnosis, treatment, and reduce the risk of transmission or 

reinfection. Additional supply lines for rapid multiplex molecular diagnostics tests need 

to have adequate stock in neighboring areas that can be affected by ill-prepared travel-

ers. 

•Point-of-Care Testing Education. Public health practitioners and non-laboratory staff 

should participate in training and in assessment of how to operate POC tests in simu-

lated scenarios [74,75]. 

• National POCT & Antimicrobial Stewardship Policies and Guidelines. We recom-

mended Vietnam invest in public health preparedness by establishing health technology 

assessments for POC tests along with national POCT policies and guidelines so new 

technologies can meet public health needs, enhance laboratory capacity in rural regions, 

and provide early detection. Point-of-care tests can be properly adapted to cultural 
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expectations and be cost-effective. Healthcare policies should reflect solutions to increase 

public health preparedness, surveillance, prevention, and treatment. Vietnam’s leader-

ship could help harmonize the standard of practice of POC testing for infectious diseases 

throughout the ASEAN (Association of Southeast Asian Nations) region. Multiplex POC 

tests capable of detect resistant organisms can provide accurate diagnosis and treatment 

options based on drug susceptibility testing [48,76]. Rampant usage of antibiotics pre-

scribed and sold in TTHP can lead to the emergence of antimicrobial resistant patho-

gens. Multiplex POC tests can be implemented in AMR national and regional action 

plans that meet the Asia Pacific Strategy for Emerging Diseases and Public Health Emergen-

cies (ASPED III) strategic goals [1]. 

• Geographic Optimization. Analysis of travel times between hospitals, ambulance 

routes, and telecommunication systems will reveal optimal rescue and interventional 

sites for the POC infectious disease testing placement, along with simultaneous consid-

eration of routing of patients from homes and primary care sites to upstream hospitals 

where isolation and quarantining may be available.  

• Point of Care Culture. Providing culturally sensitive and user friendly POC diagnostic 

services in community settings will increase health care workers and patient trust [77]. 

Training and diagnostic procedures should be translated into local and ethnic languages 

(e.g. Cơ Tu, Tà Ôi) and adapted to community needs.  

• Emergency Medical Services (EMS). We recommend EMS services to be equipped with 

POC tests in the SWN, especially near rural communities and environmental regions far 

from definitive care. SCPs should be designed so that the TTAT is less than one hour for 

improving patient outcomes. Mobile rescue with on hand POCT can accelerate diagnosis 

upstream with telehealth connectivity.  

• Developing a Task Force for Studying and Making Decisions About Point-of-Care 

Tests. The goal of a POC Task Force is to make cost-effective recommendations regard-

ing the use of and reimbursement of POC tests for at risk patient populations. A POC 

Task Force weighs the benefits for POCT implementation and regulatory barriers related 

to licensing of medical laboratories. A task force can urge the Vietnamese Ministry of 

Health to consider policy and guidelines in order to have a sound basis for implement-

ing new POC technologies that align with stakeholders. Any decision to promote wide-

spread use of POC testing should be accompanied by outreach to medical providers to 

actively utilize POCT to eradicate disease burdens. 

 

Author Contributions: Amanullah Zadran wrote the paper, helped create Tables 1-10, and Figures 

1-5 and contributed to the creative organization of this work. Dr. An V. D. Ho brought the research 

up to date with government directives and policies on infectious diseases. Layma Zadran helped 

edit and finalize Tables 1-10. Irene J. Ventura Curiel helped create and finalize Figures 1, 2, 4 & 5. 

Dr. Tang T. Pham contributed to the development of Table 6, translated Appendix 2 into Vietnam-

ese, and to the understanding of health insurance reimbursement in Vietnam. Dr. Thuan T.B. Duong 

helped coordinate onsite research. Dr. Kost funded the field survey and helped coordinate the re-

search with Hue University of Medicine and Pharmacy. All authors reviewed and edited the man-

uscript. All authors have read and agreed to the published version of the manuscript.  

Funding: This research was funded by the Edward and Ora Kost Foundation and the Point of Care 

Testing Center for Teaching and Research (POCT•CTR).  

Institutional Review Board Statement: The study was approved and conducted in accordance with 

the Hue University of Medicine and Pharmacy Ethics Committee, Thua Thien Hue, July 7, 2017, 

approval number 1716/SYT-NVY. 

Acknowledgments: The authors thank Phan Tu Khanh Phuong, MD, Department of Infectious Dis-

ease, Hue Central Hospital, Nguyen Hoang Bach, PhD, Lecturer, Department of Microbiology, Hue 

University of Pharmacy and Medicine, Nguyen Thi Binh Nguyen, MD, Department of Tuberculosis, 

Hue Central Hospital, and Professor Nguyen Minh Tam, MD, PhD, Head of the Office of Research 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 July 2022                   doi:10.20944/preprints202207.0339.v1

https://doi.org/10.20944/preprints202207.0339.v1


 

and International Relations and Chair, Department of Family Medicine; Lecturer, Faculty of Public 

Health, Hue University of Medicine and Pharmacy for the supportive discussions and insight pro-

vided. Figures and Tables are provided courtesy and permission of Knowledge Optimization, Da-

vis, CA. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 

design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-

script, or in the decision to publish the results. 

Appendix A. Short version-on-site investigator survey questionnaire, central Vietnam. Point-of-

care testing, rapid response, and Spatial Care PathsTM for acute myocardial infarction and other 

medical challenges. [In English] 

Appendix B. Infectious disease survey questionnaire [In English]. 

Appendix C. Bảng câu hỏi khảo sát bệnh truyền nhiễm [Appendix 2 translated into Vietnamese by 

one co-author (PTT)] 

References 

 

1. World Health Organization (WHO). Asia Pacific Strategy for emerging diseases and public health emergencies: Advancing 

implementation of the International Health Regulations (2005). 2017. http://iris.wpro.who.int/bitstream/han-

dle/10665.1/13654/9789290618171-eng.pdf [Accessed July 4, 2022]. 

2. World Health Organization (WHO). Global tuberculosis report 2018 (2018). http://apps.who.int/iris/bitstream/han-

dle/10665/274453/9789241565646-eng.pdf?ua=1 [Accessed July 4, 2022]. 

3.  Centers for Disease Control and Prevention (CDC). Global Health Protection and Security: Vietnam Tracks Multi-drug Re-

sistant Bacteria (2021). https://www.cdc.gov/globalhealth/healthprotection/fieldupdates/winter-2017/vietnam-tracks-bacte-

ria.html [Accessed July 4, 2022]. 

4.  Kost GJ, Vansith K, Tuntideelert M. Critical care and point-of-care testing in Cambodia and Vietnam. Point of Care (2006) 

5:193–198.  

5.  World Health Organization (WHO). Viet Nam (2022). http://www.who.int/countries/vnm/en/ [Accessed July 4, 2022]. 

6.  Badiani, Reena, Baulch, et al. Vietnam poverty assessment: well begun, not yet done-Vietnam's remarkable progress on pov-

erty reduction and the emerging challenges. Uruguay-natural resources management and irrigation development project-

environmental assessment report (English) | The World Bank (2013). http://documents.worldbank.org/cu-

rated/en/563561468329654096/2012-Vietnam-poverty-assessment-well-begun-not-yet-done-Vietnams-remarkable-progress-on-

poverty-reduction-and-the-emerging-challenges [Accessed July 4, 2022]. 

7.  World Bank. Poverty reduction in Vietnam: remarkable progress, emerging challenges (2013). 

http://www.worldbank.org/en/news/feature/2013/01/24/poverty-reduction-in-vietnam-remarkable-progress-emerging-chal-

lenges [Accessed July 4, 2022]. 

8.  Shobert B. Healthcare in Vietnam—Part 1. Forbes (2014). https://www.forbes.com/sites/benja-

minshobert/2014/07/31/healthcare-in-vietnam-part-1/#2fbf466d44fd [Accessed July 4, 2022]. 

9. The United Nations in Vietnam. One strategic plan 2017-2021. https://vietnam.un.org/en/4131-one-strategic-plan-2017-2021 

[Accessed July 4, 2022]. 

10. Balajee SA, Arthur R, Mounts AW. Global Health Security: Building capacities for early event detection, epidemiologic work-

force, and laboratory response. Health Security (2016) 14(6):424-432. doi:10.1089/hs.2015.0062 

11. Boisen M, Hartnett J, Goba A, Vandi MA, Grant DS, Schieffelin JS, et al. Epidemiology and management of the 2013–16 West 

African Ebola outbreak. Annual Review of Virology (2016) 3(1):147-171. doi:10.1146/annurev-virology-110615-040056 

12. Diarra B, Safronetz D, Sarro YDS, Kone A, Sanogo M, Tounkara S, et al. Laboratory response to 2014 Ebola virus outbreak in 

Mali. Journal of Infectious Diseases (2016) 214(suppl 3). doi:10.1093/infdis/jiw200 

13. Minh HV, Anh TT, Rocklöv J, Giang KB, Trang LQ, Sahlen KG, et al. Primary healthcare system capacities for responding to 

storm and flood-related health problems: a case study from a rural district in central Vietnam. Global Health Action (2014) 

7(1):23007. doi:10.3402/gha.v7.23007 

14. Kost GJ, Zadran A, Thuan DTB, Pham T;Ho AV; Nguyen N, et al. Point-of-care diagnosis of acute myocardial infarction in 

Central Vietnam. Point of Care: The Journal of Near-Patient Testing & Technology (2018) 17(3):73-92. 

doi:10.1097/poc.000000000000016 

15. Kost GJ. Using small-world networks to optimize preparedness, response, and resilience. In: Kost GJ, Ed., Curtis CM, Assoc. 

Ed. Global Point of Care: Strategies for Disasters, Emergencies, and Public Health Resilience. Washington DC: AACC Press-Elsevier 

(2015). p. 539-568. 

16.  Ferguson WJ, Louie RF, Katip P, Kost GJ. Use of geographic information systems for placement and management of point-of-

care technologies in small-world networks. In: Kost GJ, Ed., Curtis CM, Assoc. Ed. Global Point of Care: Strategies for Disasters, 

Emergencies, and Public Health Resilience. Washington DC: AACC Press-Elsevier (2015). p. 393-403. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 July 2022                   doi:10.20944/preprints202207.0339.v1

http://iris.wpro.who.int/bitstream/handle/10665.1/13654/9789290618171-eng.pdf
http://iris.wpro.who.int/bitstream/handle/10665.1/13654/9789290618171-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
https://www.cdc.gov/globalhealth/healthprotection/fieldupdates/winter-2017/vietnam-tracks-bacteria.html
https://www.cdc.gov/globalhealth/healthprotection/fieldupdates/winter-2017/vietnam-tracks-bacteria.html
http://www.who.int/countries/vnm/en/
http://documents.worldbank.org/curated/en/563561468329654096/2012-Vietnam-poverty-assessment-well-begun-not-yet-done-Vietnams-remarkable-progress-on-poverty-reduction-and-the-emerging-challenges
http://documents.worldbank.org/curated/en/563561468329654096/2012-Vietnam-poverty-assessment-well-begun-not-yet-done-Vietnams-remarkable-progress-on-poverty-reduction-and-the-emerging-challenges
http://documents.worldbank.org/curated/en/563561468329654096/2012-Vietnam-poverty-assessment-well-begun-not-yet-done-Vietnams-remarkable-progress-on-poverty-reduction-and-the-emerging-challenges
http://www.worldbank.org/en/news/feature/2013/01/24/poverty-reduction-in-vietnam-remarkable-progress-emerging-challenges
http://www.worldbank.org/en/news/feature/2013/01/24/poverty-reduction-in-vietnam-remarkable-progress-emerging-challenges
https://www.forbes.com/sites/benjaminshobert/2014/07/31/healthcare-in-vietnam-part-1/#2fbf466d44fd
https://www.forbes.com/sites/benjaminshobert/2014/07/31/healthcare-in-vietnam-part-1/#2fbf466d44fd
https://vietnam.un.org/en/4131-one-strategic-plan-2017-2021
https://doi.org/10.20944/preprints202207.0339.v1


 

17.  Global Administrative Areas. GADM database of Global Administrative Areas, version 3.6 (2022). https://gadm.org [Ac-

cessed July 4, 2022]. 

18. General Statistics Office of Vietnam. Social and economic situation in 2018. https://www.gso.gov.vn [Accessed July 4, 2022]. 

19. Vietnam’s Ministry of Health (MoH). COVID-19 (2022). https://covid19.gov.vn/ [Accessed July 4, 2022]. 

20. Centers for Disease Control and Prevention (CDC). Global Health-Vietnam (2022). https://www.cdc.gov/globalhealth/coun-

tries/vietnam/ [Accessed July 4, 2022]. 

21. Social discrimination, alarming rise in multi-drug resistant TB threaten previous gains. Viet Nam News. March 29, 2017. Health 

section. Pages 4-5. Available online at: vietnamnews.vn 

22. Do NTT, Ta NTD, Tran NTH, Than HM, Vu BTN, Hoang LB, et al. Point-of-care C-reactive protein testing to reduce inappro-

priate use of antibiotics for non-severe acute respiratory infections in Vietnamese primary health care: a randomised con-

trolled trial. The Lancet Global Health (2016) 4(9). doi:10.1016/s2214-109x(16)30142-5 

23. The National Assembly of the Socialist Republic of Vietnam. Amendments to the law on health insurance: Law No. 

46/2014/QH13 (2014). https://vanbanphapluat.co/law-no-46-2014-qh13-amendments-to-the-law-on-health-insur-

ance?fbclid=IwAR3JBoMNTQsWYdPkWK_dkwpYL4Q7aikNyEJJNp1-fTKPH4YjshpX9oa8uLM [Accessed July 4, 2022]. 

24. Vietnamese Ministry of Health (MoH). Circular No. 40/2015 / TT-BYT stipulates the registration of medical examination and 

treatment for initial health insurance and the transfer of health care insurance issued by the Minister of Health. The Library of 

Law (2015). https://thuvienphapluat.vn/van-ban/Bao-hiem/Thong-tu-40-2015-TT-BYT-dang-ky-kham-chua-benh-bao-hiem-y-

te-ban-dau-chuyen-tuyen-297251.aspx [Accessed July 4, 2022]. 

25. Takashima K, Wada K, Tra TT, Smith DR. A review of Vietnam’s healthcare reform through the Direction of Healthcare Ac-

tivities (DOHA). Environmental Health and Preventive Medicine (2017) 22(1). doi:10.1186/s12199-017-0682-z 

26. Perkins MD, Dye C, Balasegaram M, Brechot C, Mombouli JV, Rottingen JA, et al. Diagnostic preparedness for infectious dis-

ease outbreaks. The Lancet (2017) 390(10108):2211-2214. doi:10.1016/s0140-6736(17)31224-2 

27. Rooney KD, Schilling UM. Point-of-care testing in the overcrowded emergency department–can it make a difference? Critical 

Care (2014) 18(6). doi:10.1186/s13054-014-0692-9 

28. Okeke N, Manning RS, Pfeiffer T. Diagnostic schemes for reducing epidemic size of African viral hemorrhagic fever. Journal of 

Infection in Developing Countries (2014) 8:1148-1159. doi:10.3855/jidc.4636 

29. Government Accountability Office (GAO). Emerging infectious diseases: actions needed to address the challenges of respond-

ing to Zika Virus Disease Outbreaks. Washington, DC;General Accountability Office of the US government (2017).  

30. World Health Organization (WHO), Emergency guideline: Implementation and management of contact tracing for Ebola vi-

rus disease (2015). http://apps.who.int/iris/bitstream/handle/10665/185258/WHO_EVD_Guidance_Contact_15.1_eng.pdf?se-

quence=1 [Accessed July 4, 2022]. 

31. Kost, G. J., Ferguson, W., Truong, A. T., Hoe, J., Prom, D., Banpavichit, A., & Kongpila, S. Molecular detection and point-of-

care testing in Ebola virus disease and other threats: a new global public health framework to stop outbreaks. Expert Rev Mol 

Diagn (2015) 15(10), 1245-1259. doi:10.1586/14737159.2015.1079776 

32. Kost GJ. Molecular and point-of-care diagnostics for Ebola and new threats: National POCT policy and guidelines will stop 

epidemics. Expert Review of Molecular Diagnostics (2018) 18(7):657-673. doi:10.1080/14737159.2018.1491793 

33. Zadran A, Kost GJ. Enabling rapid intervention and isolation for patients with highly infectious diseases at points of need. J 

Hosp Mgt Health Policy. (2019) 4:1–7. doi:10.21037/jhmhp.2018.12.04 

34. Hogardt M, Wolf T, Kann G, Brodt HR, Brandt C, Keppler OT, et al. Management of microbiological samples in a confirmed 

case of Ebola virus disease: constraints and limitations. Journal of Clinical Microbiology (2015) 53(11):3396-3400. 

doi:10.1128/jcm.01142-15 

35. World Health Organization (WHO). World Health Organization model list of essential in vitro diagnostics (2019). 

https://www.who.int/publications/i/item/9789241210263 [Accessed July 4, 2022]. 

36. Cotte J, Janvier F, Cordier P-Y, Bordes J, Kaiser E. Organ support in Ebola virus disease: Utility of point-of-care blood tests. 

Anaesthesia Critical Care & Pain Medicine (2015) 34(6):363-364. doi:10.1016/j.accpm.2015.04.007 

37. Strecker T, Palyi B, Ellerbrok H, Jonckheere S,  Clerck HD, Bore JA, et al. Field evaluation of capillary blood samples as a col-

lection specimen for the rapid diagnosis of Ebola virus infection during an outbreak emergency. Clinical Infectious Diseases 

(2015) 61(5):669-675. doi:10.1093/cid/civ397 

38. Broadhurst MJ, Kelly JD, Miller A, Semper A, Bailey DD, Groppelli E, et al. ReEBOV Antigen Rapid Test kit for point-of-care 

and laboratory-based testing for Ebola virus disease: a field validation study. The Lancet (2015) 386:867-874. doi:10.1016/s0140-

6736(15)61042-x 

39. Stamm LV. Ebola virus disease: Rapid diagnosis and timely case reporting are critical to the early response for outbreak con-

trol. The American Journal of Tropical Medicine and Hygiene (2015) 93(3):438-440. doi:10.4269/ajtmh.15-0229 

40. García-Basteiro A, Dinardo A, Saavedra B, Silva DR, Palmero D, Gegia M, et al. Point of care diagnostics for tuberculosis. Pul-

monology (2018) 24(2):73-85. doi:10.1016/j.rppnen.2017.12.002 

41. Gosling P, Sutcliffe AJ, Dancer SJ, Horner J, Losty HC. The role of the microbiology laboratory in the management of critical 

care patients. In: Critical care and laboratory medicine. London: ACB Venture Publications (2016). 

42. Chan K, Wong P-Y, Yu P, Hardick J, Wong KY, Wilson SA, et al. A rapid and low-cost PCR thermal cycler for infectious dis-

ease diagnostics. Plos One (2016) 11(2). doi:10.1371/journal.pone.0149150 

43. Harper S, Bradley J, Englund, J, File TM, Gravenstein S, Hayden FG, et al. Seasonal influenza in adults and children—diagno-

sis, treatment, chemoprophylaxis, and institutional outbreak management: clinical practice guidelines of the Infectious Dis-

eases Society of America. Clinical Infectious Diseases (2009) 48(8):1003-1032. doi:10.1086/598513 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 July 2022                   doi:10.20944/preprints202207.0339.v1

https://gadm.org/
https://covid19.gov.vn/
https://www.cdc.gov/globalhealth/countries/vietnam/
https://www.cdc.gov/globalhealth/countries/vietnam/
https://vanbanphapluat.co/law-no-46-2014-qh13-amendments-to-the-law-on-health-insurance?fbclid=IwAR3JBoMNTQsWYdPkWK_dkwpYL4Q7aikNyEJJNp1-fTKPH4YjshpX9oa8uLM
https://vanbanphapluat.co/law-no-46-2014-qh13-amendments-to-the-law-on-health-insurance?fbclid=IwAR3JBoMNTQsWYdPkWK_dkwpYL4Q7aikNyEJJNp1-fTKPH4YjshpX9oa8uLM
https://thuvienphapluat.vn/van-ban/Bao-hiem/Thong-tu-40-2015-TT-BYT-dang-ky-kham-chua-benh-bao-hiem-y-te-ban-dau-chuyen-tuyen-297251.aspx
https://thuvienphapluat.vn/van-ban/Bao-hiem/Thong-tu-40-2015-TT-BYT-dang-ky-kham-chua-benh-bao-hiem-y-te-ban-dau-chuyen-tuyen-297251.aspx
http://apps.who.int/iris/bitstream/handle/10665/185258/WHO_EVD_Guidance_Contact_15.1_eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/185258/WHO_EVD_Guidance_Contact_15.1_eng.pdf?sequence=1
https://www.who.int/publications/i/item/9789241210263
https://doi.org/10.20944/preprints202207.0339.v1


 

44. Centers for Disease Control and Prevention (CDC). Rapid influenza diagnostic tests (2017). https://www.cdc.gov/flu/profes-

sionals/diagnosis/clinician_guidance_ridt.htm [Accessed July 04, 2022]. 

45. Centers for Disease Control and Prevention (CDC). Asian Lineage Avian Influenza A (H7N9) Virus (2018). 

https://www.cdc.gov/flu/avianflu/h7n9-virus.htm [Accessed July 4, 2022]. 

46.  Centers for Disease Control and Prevention (CDC). Information on rapid molecular assays, RT-PCR, and other molecular 

assays for diagnosis of influenza virus infection (2019). https://www.cdc.gov/flu/professionals/diagnosis/molecular-as-

says.htm [Accessed July 4, 2022]. 

47. World Health Organization (WHO). Sepsis (2020). http://www.who.int/news-room/fact-sheets/detail/sepsis [Accessed July 4, 

2022]. 

48. Morgan DJ, Malani P, Diekema DJ. Diagnostic stewardship-leveraging the laboratory to improve antimicrobial use. JAMA 

(2017) 318(7):607-608. doi:10.1001/jama.2017.8531 

49. Singh B, Ganguly A, Sunwoo HH. Current and future diagnostic tests for Ebola virus Disease. Journal of Pharmacy & Pharma-

ceutical Sciences (2016) 19(4):530. doi:10.18433/j38c9n 

50. Rani A, Akhtar S, Nawaz SK, Irfan S, Azam S, Arshad M. Electrolyte disturbance and the type of malarial infection. Iranian 

Journal of Public Health (2015) 44(11):1492-1497. 

51. Lau R, Wang A, Chong-Kit A, Ralevski F, Boggild AK. Evaluation of Ebola virus inactivation procedures for plasmodium 

falciparum malaria diagnostics: Table 1. Journal of Clinical Microbiology (2015) 53(4):1387-1390. doi:10.1128/jcm.00165-15 

52. HCMC Department of Health. The system of COVID-19 treatment facilities following the model of "3-storey tower" in Ho Chi 

Minh City (2021) https://hcdc.vn/category/thong-tin/viem-phoi-cap-do-virus-ncov/he-thong-cac-co-so-dieu-tri-covid19-theo-

mo-hinh-thap-3-tang-tai-tphcm-ed7d23efb3fdca0756437975fc46a182.html [Accessed July 4, 2022] 

53. Center for Disease Control and Prevention (CDC). Zika and Pregnancy (2022). www.cdc.gov/pregnancy/zika/testing-follow-

up/prenatal-care.html [Accessed July 4, 2022]. 

54.  Center for Disease Control (CDC). Zika Virus (2018). https://www.cdc.gov/zika/laboratories/types-of-tests.html [Accessed 

July 4, 2022] 

55. World Health Organization (WHO). Malaria country profiles (2020). http://www.who.int/malaria/publications/country-pro-

files/profile_vnm_en.pdf [Accessed July 4, 2022]. 

56. Guy RJ, Natoli L, Ward J, Causer L, Hengel B, Whiley D, et al. A randomised trial of point-of-care tests for chlamydia and 

gonorrhea infections in remote Aboriginal communities: Test, Treat And GO- the “TTANGO” trial protocol. BMC Infectious 

Diseases (2013) 13(1). doi:10.1186/1471-2334-13-485 

57. Natoli L, Guy RJ, Shephard M, Whiley D, Tabrizi SN, Ward J, et al. Public health implications of molecular point-of-care test-

ing for chlamydia and gonorrhea in remote primary care services in Australia: a qualitative study. BMJ Open (2015) 

5(4):e006922. doi:10.1136/bmjopen-2014-006922 

58. Bristow CC, Adu-Sarkodie Y, Ondondo RO, Bukusi EA, Dagnra CA, Oo KY, et al. Multisite laboratory evaluation of a dual 

human immunodeficiency virus (HIV)/syphilis point-of-care rapid test for simultaneous detection of HIV and syphilis infec-

tion. Open Forum Infectious Diseases (2014) 1(1). doi:10.1093/ofid/ofu015 

59. Branson BM, Viall A, Marum E. Expanding HIV testing. JAIDS Journal of Acquired Immune Deficiency Syndromes (2013) 63. 

doi:10.1097/qai.0b013e3182986f25 

60.  Nguyen VTT, Best S, Pham HT, Troung TXL, Hoang TTH, Wilson K, et al. HIV point of care diagnosis: preventing misdiag-

nosis experience from a pilot of rapid test algorithm implementation in selected communes in Vietnam. Journal of the Interna-

tional AIDS Society (2017) 20:21752. doi:10.7448/ias.20.7.21752 

61. World Health Organization. Hepatitis data and statistics in the Western Pacific | Hepatitis B (2020). 

https://www.who.int/westernpacific/health-topics/hepatitis/regional-hepatitis-data [Accessed July 4, 2022]. 

62. Smith A, Sabidó M, Camey E, Batres A, Casabona J. Lessons learned from integrating simultaneous triple point-of-care 

screening for syphilis, hepatitis B, and HIV in prenatal services through rural outreach teams in Guatemala. International Jour-

nal of Gynecology & Obstetrics (2015) 130. doi:10.1016/j.ijgo.2015.04.009 

63. World Health Organization (WHO). Viet Nam coronavirus disease 2019 (COVID-19) situation report #45 (2021). 

https://www.who.int/docs/default-source/wpro---documents/countries/viet-nam/covid-19/viet-nam-moh-who-covid-19-

sitrep_6jun2021.pdf?sfvrsn=5ff80235_5 [Accessed July 4, 2022]. 

64. Kosack CS, Page AL, Klatser PR. A guide to aid the selection of diagnostic tests. Bull World Health Organ (2017) 95(9):639-645. 

doi:10.2471/BLT.16.187468 

65. Ferguson WJ, Kemp K, Kost GJ. Using a geographic information system to enhance patient access to point-of-care diagnostics 

in a limited resource setting. Intl J Health Geography (2016) 15:1-12. 

66. Kost GJ Geospatial science and point-of-care testing: Creating solutions for population access, emergencies, outbreaks, and 

disasters. Front. Public Health (2019) 7:329. doi: 10.3389/fpubh.2019.00329 

67. Kost, G.J. The coronavirus disease 2019 spatial care path: home, community, and emergency diagnostic portals. Diagnostics 

(2022), 12,1216. https://doi.org/10.3390/ diagnostics12051216  

68. Lemonick DM. Epidemics after natural disasters. American Journal of Clinical Medicine (2011) 8(3):144-152. 

69. Mecozzi DM, Brock TK, Tran NK, Hale KN, Kost GJ. Evidence-based point-of-care device design for emergency and disaster 

care. Point of Care: The Journal of Near-Patient Testing & Technology (2010) 9(2):65-69. doi:10.1097/poc.0b013e3181d9d47a 

70. Brock TK, Mecozzi DM, Sumner S, Kost GJ. Evidence-based point-of-care tests and device designs for disaster preparedness. 

American Journal of Disaster Medicine (2010) 5(5):285-294. doi:10.5055/ajdm.2010.0034. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 July 2022                   doi:10.20944/preprints202207.0339.v1

https://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
https://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
https://www.cdc.gov/flu/avianflu/h7n9-virus.htm
https://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm
https://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm
http://www.who.int/news-room/fact-sheets/detail/sepsis
https://hcdc.vn/category/thong-tin/viem-phoi-cap-do-virus-ncov/he-thong-cac-co-so-dieu-tri-covid19-theo-mo-hinh-thap-3-tang-tai-tphcm-ed7d23efb3fdca0756437975fc46a182.html
https://hcdc.vn/category/thong-tin/viem-phoi-cap-do-virus-ncov/he-thong-cac-co-so-dieu-tri-covid19-theo-mo-hinh-thap-3-tang-tai-tphcm-ed7d23efb3fdca0756437975fc46a182.html
http://www.cdc.gov/pregnancy/zika/testing-follow-up/prenatal-care.html
http://www.cdc.gov/pregnancy/zika/testing-follow-up/prenatal-care.html
https://www.cdc.gov/zika/laboratories/types-of-tests.html
http://www.who.int/malaria/publications/country-profiles/profile_vnm_en.pdf
http://www.who.int/malaria/publications/country-profiles/profile_vnm_en.pdf
https://www.who.int/westernpacific/health-topics/hepatitis/regional-hepatitis-data
https://www.who.int/docs/default-source/wpro---documents/countries/viet-nam/covid-19/viet-nam-moh-who-covid-19-sitrep_6jun2021.pdf?sfvrsn=5ff80235_5
https://www.who.int/docs/default-source/wpro---documents/countries/viet-nam/covid-19/viet-nam-moh-who-covid-19-sitrep_6jun2021.pdf?sfvrsn=5ff80235_5
https://doi.org/10.20944/preprints202207.0339.v1


 

71. Nguyen TLC, Kost GJ. The status of point-of-care testing and coordinators in Vietnam needs assessment, technologies, educa-

tion, exchange, and future mission. Point of Care (2020) 19: 19–24. 

72. Magro L, Jacquelin B, Escadafal C, Garneret P, Kwasiborski A, Manuguerra JC, et al. Paper-based RNA detection and multi-

plexed analysis for Ebola virus diagnostics. Scientific Reports (2017) 7(1). doi:10.1038/s41598-017-00758-9 

73. Deshpande A, Mcmahon B, Daughton AR, Abeyta EL, Hodge D, Anderson K, et al. Surveillance for emerging diseases with 

multiplexed point-of-care diagnostics. Health Security (2016) 14(3):111-121. doi:10.1089/hs.2016.0005 

74. Eckes EJ, Gutierrez D, Peterson A, Hubbard M, Barrett K, Matlock AM. Educating health care providers in treatment of pa-

tients with Ebola virus disease. Critical Care Nurse (2016) 36(5). doi:10.4037/ccn2016814 

75. Kost GJ, Zadran A, Zadran L, Ventura I. Point-of-care testing curriculum and accreditation for public health—enabling pre-

paredness, response, and higher standards of care at points of need. Frontiers in Public Health (2019) 6. 

doi:10.3389/fpubh.2018.00385 

76. Havlicek J, Dachsel B, Slickers P, Andres S, Beckert P, Feuerriegel S, et al. Rapid microarray-based detection of rifampin, isoni-

azid, and fluoroquinolone resistance in mycobacterium tuberculosis by use of a single cartridge. Journal of Clinical Microbiology 

(2017) 56(2). doi:10.1128/jcm.01249-17 

77. Kost GJ, Ferguson WJ, Kost LE. Principles of point of care culture, the spatial care pathTM, and enabling community and global 

resilience. The Journal of the International Federation of Clinical Chemistry and Laboratory Medicine (2014) 25 (2):134-153. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 July 2022                   doi:10.20944/preprints202207.0339.v1

https://doi.org/10.20944/preprints202207.0339.v1

