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SARS-CoV-2 is the causative agent of 
Coronavirus Disease 2019 (COVID-19). 
The SARS-CoV-2 pandemic has infected 

over seven million people worldwide (data 
accessed on 8 June), with 1,504 cases in New 
Zealand.1 Essential to halting the spread of 
SARS-CoV-2 has been the early detection and 
isolation of cases.2,3 This is possible due to 
timely and reliable diagnostic testing.

Real time reverse transcription poly-
merase chain reaction (RT-PCR) for 
SARS-CoV-2 gene targets is the preferred 
test for diagnosing acute infection.3,4 The 
RT-PCR SARS-CoV-2 test was not extensively 
validated prior to widespread use, due to 
the urgent need for rapid deployment of 
a diagnostic test for COVID-19. As a conse-
quence, the diagnostic performance of the 
test including the diagnostic sensitivity and 

specifi city has not been well defi ned.5 In 
contrast, the analytical sensitivity of the 
RT-PCR test has been established (limit of 
detection 500 copies per reaction or lower), 
and is comparable across the assay protocols 
and gene targets most commonly used 
worldwide.6 The analytical sensitivity of the 
in house SARS-CoV-2 RT-PCR assay at the 
LabPlus Virology laboratory, Auckland City 
Hospital, is 10 copies per reaction. 

Analytical sensitivity describes the 
smallest quantity of a target detectable by 
a test. Diagnostic sensitivity is the ability 
of a test to detect persons with the disease, 
for which a comparator test is required.7

Currently for SARS-CoV-2, RT-PCR is the 
recommended test and therefore diagnostic 
sensitivity is diffi  cult to establish.3

ABSTRACT 
AIM: The diagnostic sensitivity of the SARS-CoV-2 real time reverse transcription polymerase chain reaction 
(RT-PCR) test has not been determined. This has led to a degree of uncertainty in the interpretation of 
results, particularly in patients tested repeatedly. The aim of this study was to explore the characteristics of 
patients who initially tested negative, and subsequently tested positive for SARS-CoV-2.

METHODS: This retrospective observational study utilised data from the LabPlus Virology laboratory, 
Auckland City Hospital, to identify cases (hospital and community) with initial negative and subsequent 
positive SARS-CoV-2 RT-PCR results. Their clinical and laboratory characteristics were summarised. 

RESULTS: From 1 February to 13 April a total of 20,089 samples were received for SARS-CoV-2 testing. Of 
2,011 samples from patients with multiple tests, 25 samples were positive. Nine samples were from patients 
who initially tested negative then tested positive. Reasons for the initial negative test results, which were 
all from upper respiratory tract samples, included pre-symptomatic presentation or late presentation. All 
patients had significant risk factors and ongoing or evolving symptoms, which warranted repeat testing.

CONCLUSION: Few patients had discordant test results for SARS-CoV-2 RT-PCR. For patients who have a 
significant risk factor and a negative test result, repeat testing should be performed.
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There are case reports of patients who 
were tested multiple times for SARS-CoV-2 
with discordant negative/positive results.8–10

Fang et al report 15 patients who had 
radiological changes on chest computerised 
tomography but initial negative RT-PCR 
tests, although the details of sample type and 
symptoms for these patients are not clear.11

Arons et al conducted point prevalence 
surveys seven days apart with residents of 
nursing care facilities. Upper respiratory 
tract samples were collected; 24 out of 76 
residents tested negative initially then 
positive seven days later.12 West et al spec-
ulate on the potential impact of the falsely 
reassuring interpretation of negative results, 
depending on varying scenarios of SARS-
CoV-2 prevalence and extent of testing.13

This uncertainty has led to a call for clear 
and accurate test interpretation.13

At time of writing, in New Zealand the 
focus remains on ensuring widespread 
community testing of symptomatic people 
and targeted sentinel surveillance of 
asymptomatic people to detect low-level 
community transmission. For this reason, it 
is essential to understand the various factors 
that could lead to a negative SARS-CoV-2 test 
result in an individual who subsequently 
tests positive for the virus. This information 
can then be used to support both diagnostic 
algorithms and public health investigations 
in high-risk settings.

This retrospective observational study 
aims to describe the characteristics of 
patients who initially tested RT-PCR negative 
before testing positive for SARS-CoV-2. 

Method
Setting

This study was conducted at the LabPlus 
Virology laboratory, Auckland City Hospital. 
The laboratory processes hospital and 
community samples (from general practice 
and community-based assessment centres) 
for SARS-CoV-2.

The RT-PCR test uses primers and probes 
specifi c for the envelope protein gene (E 
gene) of SARS-CoV-2, based on the protocol 
published by Charité Virology, Berlin.14

Data collection
A database search of routinely collected 

laboratory data was conducted. Samples 
registered for the SARS-CoV-2 test from 

1 February 2020 to 13 April 2020 were 
included. Data collected included the 
national hospital index number, age, gender, 
sample type, location of sample collection, 
date of collection and test result. Patients 
who had more than one sample tested, with 
at least one positive result were identifi ed. 
Further information was sought for patients 
who had a negative test result followed by a 
positive result. 

Information on whether the case was 
a close or causal contact was obtained 
from the Auckland Regional Public Health 
referral form, according to the Ministry 
of Health contact tracing defi nitions.15 The 
clinical records and public health contact 
tracing records were reviewed to provide 
details about the timing and nature of the 
symptoms at the time of each specimen 
collection. Swabs were listed as nasopha-
ryngeal, throat or upper respiratory tract 
(URT) if not differentiated further. The cycle 
threshold (CT) value for positive samples 
was obtained from laboratory records. The 
CT value is the point at which the expo-
nential amplifi cation of a gene target crosses 
a threshold value in the RT-PCR reaction. A 
high CT value occurs when there is a small 
amount of the gene target in the initial 
sample (ie, low viral load). 

Data analysis
Anonymised data were used for analysis. 

Data analysis was conducted using Microsoft 
Excel (Microsoft Offi  ce 2010).

Ethics
This study received exemption from ethics 

review from the Auckland District Health 
Board Research Offi  ce.

Results
During the study period 20,089 samples 

were received for SARS-CoV-2 testing (Figure 
1). There were 2,011 (10%) samples from 
patients who had been tested more than 
once. Roughly half of these (979, 49%) were 
multiple samples sent on the same day, 
whereas the remaining 1,032 (51%) were 
multiple samples sent on different days. 
There were 25 (1.2%) samples that had at 
least one positive result among the samples 
sent for that patient. Of these, nine (36%) 
were from patients who initially tested 
negative and subsequently positive for 
SARS-CoV-2.
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The three indeterminate samples produced 
inconclusive low take-off signals late in the 
RT-PCR reaction. They were reported as inde-
terminate with a comment asking for another 
sample to be sent for testing. 

Further data were collected on the nine 
patients who initially tested negative and 
subsequently tested positive. These data are 
summarised in Table 1.

Where available, the clinical details for 
the fi rst and second sample for each patient 
have been provided. Where the site of an 
upper respiratory tract specimen was not 
clearly labelled as nasopharyngeal or oropha-
ryngeal, the sample type has been recorded 
as an upper respiratory tract (URT) swab.

Cases 1 and 2 were admitted to hospital 
due to COVID-19, with features of lower 

Figure 1: Number of samples tested by RT-PCR for SARS-CoV-2 from 1 February to 13 April.
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respiratory tract infection (both had 
chest x-ray abnormalities consistent with 
infection). A sputum sample obtained from 
case 1 was positive. There was no lower 
respiratory tract sample from case 2, and 
the second URT sample sent detected the 
highest CT value among this set of cases. 

Cases 3 and 4 were asymptomatic when 
they tested negative. They subsequently 
developed symptoms and tested positive. 

Cases 5, 6 and 7 presented on, or the day 
after, symptoms started. Two were close 
contacts of confi rmed cases and one had 
recently returned from overseas. 

Case 8 had respiratory symptoms on 
a background of previously diagnosed 
asthma. There were eight days between 
collection of the samples. 

Case 9 reported subjective fever on the 
day of return from overseas. Cough and 

Table 1: Characteristics of the nine patients who tested negative and then positive for SARS-CoV-2.

Case Risk 
factor

Symptoms Days from 
symptom 
onset 
to first 
sample

Days 
from 
symptom 
onset to 
second 
sample

CT E 
gene for 
positive 
sample

Sample 
type 

1 Overseas 
travel

Headache, coryza, dry cough, 
dyspnoea

15 16 26.18 NPS, then 
Sputum

2 Close 
contact

1st sample: fever, myalgia
2nd sample: dyspnoea, 
haemoptysis

6 7 31.50 URT x 2

3 Close 
contact

1st sample: no clinical 
symptoms 
2nd sample: cough, 
dyspnoea, sore throat

-2 6 20.93 URT x 2

4 Close 
contact

1st sample: no clinical 
symptoms
2nd sample: cough, sore 
throat

-10 0 21.41 URT x 2

5 Overseas 
travel

Fever, sore throat, anosmia, 
myalgia, arthralgia

0 6 21.50 URT x 2

6 Close 
contact

1st sample: cough, sore throat
2nd sample: fever

0 6 18.76 URT x 2

7 Close 
contact

Cough, fever 1 9 26.83 URT x 2

8 Close 
contact

Cough, sore throat, (known 
asthmatic)

4 12 27.7 URT x 2

9 Overseas 
travel

1st sample: cough, dyspnoea. 
2nd sample: worsening 
symptoms

9 13 28.6 URT x 2

NPS= nasopharyngeal swab, URT = upper respiratory tract swab, CT = cycle threshold, E gene = envelope gene, RT-
PCR gene target for SARS-CoV-2.
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dyspnoea developed, and nine days after the 
episode of fever the fi rst test was performed. 
The second sample was taken four days after 
worsening of symptoms. Only upper respi-
ratory tract samples were obtained.

Discussion
In the 10-week period from 1 February 

to 13 April, 20,089 samples were received 
for SARS-CoV-2 testing. Only nine out of 
2,011 (0.4%) samples from patients who had 
multiple tests had an initial negative test 
followed by a positive RT-PCR for SARS-
CoV-2. However, this likely represents the 
low prevalence of SARS-CoV-2 within the 
dataset, as only 25 (1.2%) samples were from 
patients with at least one positive result. This 
observational study may not be represen-
tative of the true proportion of confi rmed 
cases that initially test negative because all 
patients were not tested sequentially in a 
systematic manner; the decision to repeat 
testing was at the clinician’s discretion. 

Review of the pattern of presentation 
provides a reasonable explanation for four 
of the nine cases. Late presenters; cases 1 
and 2 had lower respiratory tract infection 
and negative upper respiratory tract 
samples. Pre-symptomatic; cases 3 and 4 
were tested too early following exposure. 

However, for the other fi ve cases we can 
only postulate a reason for the discordant 
results. Cases 5 and 6 tested negative on the 
day of symptom onset, and positive six days 
later. The incubation period of SARS-CoV-2 
is typically fi ve to six days.16 Both cases had 
high viral loads consistent with new onset 
illness rather than late presentation. Cases 8 
and 9 had positive results late after the onset 
of symptoms with moderate viral loads also 
suggesting more recent onset of illness. 
Prolonged viral shedding has also been 
described for up to 10 days in mild cases.17

We cannot comment on the accuracy of the 
clinical information recorded in this retro-
spective study. Case 7 tested negative the day 
after symptom onset, and positive eight days 
later. The initial negative result could be due 
to inadequate sample quality or alternative 
causes for the non-specifi c symptoms of 
COVID-19. Appropriate sampling technique 
is essential in order to obtain suffi  cient 
cellular material to detect SARS-CoV-2.18

Late presentation impacts on the ability of 
SARS-CoV-2 to be detected from upper respi-
ratory tract samples. Studies have shown 
that SARS-CoV-2 can be detected from both 
upper and lower respiratory tract samples, 
although sputum samples have a higher viral 
load.19,20 COVID-19 often features a deterio-
ration of symptoms typically in the second 
week of illness.21 Patients presenting later in 
the course of COVID-19 with lower respi-
ratory tract symptoms should have lower 
respiratory tract specimens taken for SARS-
CoV-2.2,4 This is illustrated via cases 1 and 2, 
who were both hospitalised with COVID-19. 
Only upper respiratory tract samples were 
obtained from case 2, with a high CT value 
(therefore low viral load) detected on the 
second sample. This likely refl ects the 
declining viral load in the upper respiratory 
tract, and therefore the lower probability of 
detecting the virus in such samples.18 The 
nasopharyngeal swab from case 1 tested 
negative, whereas the sputum sample tested 
positive, as would be expected. 

The role of testing asymptomatic and 
pre-symptomatic patients is unclear. 
There are reports in the literature of small 
numbers of asymptomatic patients testing 
positive, although more commonly these 
patients go on to develop symptoms.10,22 A 
point prevalence study conducted in nursing 
care facility residents found that of 48 out of 
76 residents testing positive, 27 (56%) were 
asymptomatic at the time of testing but 24 
(89%) subsequently developed symptoms 
(median time to onset was 4 days).12 A study 
in European citizens repatriated from 
Wuhan found that 335 out of 337 were 
asymptomatic, and all 337 tested negative 
on day 0 and day 5 after return suggesting 
that asymptomatic disease was uncommon.23

Kimball et al describe 23 aged-care facility 
residents, only three of whom were asymp-
tomatic and tested positive.24

The majority of studies report that the 
viral load is highest, and consequently CT 
value lowest, in the fi rst few days following 
symptom onset.19,20,25,26 Contrastingly, Zheng 
et al report that in respiratory samples 
(saliva after deep cough and sputum) peak 
viral load in mild illness occurred around 
day 10 and in severe illness around day 
15.27 A study of patients who had repeated 
RT-PCR tests found that the median time 
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from symptom onset to the fi rst positive 
result was six days.28

The limitations of this study include 
that it is a single-centre study and despite 
capturing all tests conducted in the 10-week 
period, only nine patients had negative 
followed by positive results. This retro-
spective analysis relied on routinely 
collected data and no further interviews of 
the case were conducted. This study relied 
upon the requesting clinicians’ decision 
to repeat the SARS-CoV-2 RT-PCR test. All 
the cases in this study had a signifi cant 
exposure history (close contact of a case or 
recent overseas travel) which is why repeat 
testing was performed. In the absence of 
signifi cant risk factors cases with discordant 
results may have been missed if they did 
not have repeat testing. However given the 
broad case defi nition for testing,2 in keeping 
with New Zealand’s approach to test widely 
for SARS-CoV-2, it is unlikely that patients 
with signifi cant risk factors and ongoing 
or evolving symptoms would not have had 

repeat testing or be picked up in subsequent 
contact traces. 

In conclusion, this study found small 
numbers of patients with discordant 
RT-PCR SARS-CoV-2 results. Of the 2,011 
samples from patients who had multiple 
tests, only 25 were positive, and nine 
of these were from patients that tested 
negative and then positive by RT-PCR for 
SARS-CoV-2. These discordant results were 
seen in patients presenting late in the 
course of their illness or following exposure 
but before the onset of symptoms. The 
nonspecifi c nature of COVID-19 symptoms 
means that in some cases with an initial 
negative result, where there was a clear 
exposure history, repeat testing is required. 
Patients presenting late in the illness, with 
severe symptoms should have lower respi-
ratory tract samples collected. Where there 
is high clinical suspicion that the person 
is infected with SARS-CoV-2 and the initial 
RT-PCR test result is negative, repeat testing 
should be performed.28

Competing interests:
Nil.

Acknowledgements:
The authors would like to acknowledge the immense effort of all staff at the Virology depart-
ment, LabPlus, Auckland City Hospital in conducting SARS-CoV-2 testing. The authors would 

like to thank Shanika Perera, medical offi  cer of health at the Auckland Regional Public Health 
Service for her assistance with data collection.

Author information:
Shivani Fox-Lewis, Clinical Virology Registrar, Virology Department, LabPlus, Auckland 

City Hospital, Auckland; Sharmini Muttaiyah, Clinical Microbiologist, Microbiology 
Department, LabPlus, Auckland City Hospital, Auckland; Fahimeh Rahnama, Section Leader 
of Molecular Diagnostics, Virology Department, LabPlus, Auckland City Hospital, Auckland; 

Gary McAuliffe, Clinical Microbiologist, Microbiology Department, LabPlus, Auckland 
City Hospital, Auckland; Sally Roberts, Clinical Microbiologist, Microbiology Department, 
LabPlus, Auckland City Hospital, Auckland; Clinical Head of Microbiology, Microbiology 

Department, LabPlus, Auckland City Hospital, Auckland.
Corresponding author: 

Shivani Fox-Lewis, Virology Department, LabPlus, PO Box 110031, Auckland City Hospital, 
Auckland 1148. 

sfoxlewis@adhb.govt.nz
URL:

www.nzma.org.nz/journal-articles/an-understanding-of-discordant-sars-cov-2-test-results-
an-examination-of-the-data-from-a-central-auckland-laboratory

ARTICLE



87 NZMJ 31 July 2020, Vol 133 No 1519
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

1. Johns Hopkins University. 
COVID-19 Dashboard by 
the Center for Systems 
Science and Engineering 
(CSSE) at Johns Hopkins 
University. http://gisand-
data.maps.arcgis.com/
apps/opsdashboard/index.
html#/bda7594740fd-
40299423467b48e9ecf6 
[accessed 29/04/2020]

2. Ministry of Health. COVID-
19: Advice for all health 
professionals. http://www.
health.govt.nz/our-work/
diseases-and-conditions/
covid-19-novel-coronavirus/covid-19-re-
sources-health-professionals/
covid-19-advice-all-health-
professionals [accessed 
29/04/2020]

3. Cheng MP, Papenburg 
J, Desjardins M, et al. 
Diagnostic Testing for 
Severe Acute Respiratory 
Syndrome-Related Coro-
navirus-2: A Narrative 
Review. Ann Intern Med 
2020;13:M20-1301 

4. World Health Organisa-
tion. Coronavirus disease 
(COVID-19) technical 
guidance: Laboratory 
testing for 2019-nCoV in 
humans. http://www.who.
int/emergencies/diseases/
novel-coronavirus-2019/
technical-guidance/
laboratory-guidance 
[accessed 29/04/2020]

5. Patel R, Babady E, Theel 
ES, et al. Report From 
the American Society for 
Microbiology COVID-19 
International Summit, 
23 March 2020: Value of 
Diagnostic Testing for 
SARS-CoV-2/COVID-19. mBio 
2020; 11(2):e00722–20. 

6. Vogels CBF, Brito AF, 
Wyllie AL, et al. Analytical 
sensitivity and effi  ciency 
comparisons of SARS-COV-2 
qRT-PCR primer-probe sets. 
Preprint at http://www.
medrxiv.org/content/10.11
01/2020.03.30.20048108v3

7. Saah AJ, Hoover DR. 
“Sensitivity” and “Speci-
fi city” Reconsidered: The 
Meaning of These Terms in 
Analytical and Diagnostic 
Settings. Ann Intern 
Med 1997; 126(1):91–4. 

8. Li D, Wang D, Dong J, et al. 
False-Negative Results of 
Real-Time Reverse-Tran-
scriptase Polymerase Chain 
Reaction for Severe Acute 
Respiratory Syndrome 
Coronavirus 2: Role of 
Deep-Learning-Based CT 
Diagnosis and Insights 
From Two Cases. Korean J 
Radiol 2020; 21(4):505–508. 

9. Hao W, Li M. Clinical 
Diagnostic Value of CT 
Imaging in COVID-19 
with Multiple Negative 
RT-PCR Testing. Travel Med 
Infect Dis 2020; 101627. 

10. Bwire GM, Paulo LS. 
Coronavirus disease-2019: 
Is Fever an Adequate 
Screening for the Return-
ing Travelers? Trop Med 
Health 2020; 48:14

11. Fang Y, Zhang H, Xie 
J, et al. Sensitivity of 
Chest CT for COVID-19: 
Comparison to RT-PCR. 
Radiology 2020; 200432. 

12. Arons MM, Hatfi eld KM, 
Reddy SC et al. Presymp-
tomatic SARS-CoV-2 
Infections and Transmis-
sion in a Skilled Nursing 
Facility. N Engl J Med 2020; 
382(22):2081–2090.

13. West CP, Montori VM, 
Sampathkumar P. 
COVID-19 Testing: The 
Threat of False-Negative 
Results. Preprint at http://
www.mayoclinicpro-
ceedings.org/article/
S0025-6196(20)30365-7/pdf

14. Corman VM, Landt O, 
Kaiser M, et al. Detection 
of 2019 novel coronavirus 
[2019-nCoV] by real-time 
RT-PCR. Euro Surveill 
2020; 25(3):2000045 

15. Ministry of Health. 
Contact tracing for 
COVID-19. http://www.
health.govt.nz/our-work/
diseases-and-conditions/
covid-19-novel-coronavirus/
covid-19-novel-coronavi-
rus-health-advice-general-pub-
lic/contact-tracing-covid-19 
[accessed on 28/04/2020]

16. Jin Y, Yang H, Ji W, et al. 
Virology, Epidemiology, 
Pathogenesis, and Control 
of COVID-19. Viruses 
2020; 12(4):E372. 

17. Liu Y, Yan LM, Wan L, 
et al. Viral dynamics in 
mild and severe cases of 
COVID-19. Lancet Infect 
Dis 20202;20(6):656-657

18. Yan Y, Chang L, Wang L. 
Laboratory Testing of 
SARS-CoV, MERS-CoV, and 
SARS-CoV-2 (2019-nCoV): 
Current Status, Challenges, 
and Countermeasures. Rev 
Med Virol 2020; e2106.

19. Wölfel R, Corman VM, 
Guggemos W, et al. 
Virological Assessment 
of Hospitalized Patients 
With COVID-2019. Nature 
2020; 581(7809):465–469.

20. Zou L, Ruan F, Huang M, 
et al. SARS-CoV-2 Viral 
Load in Upper Respiratory 
Specimens of Infected 
Patients. N Engl J Med 2020; 
382(12):1177–1179. 

21. Lescure F-X, Bouadma L, 
Nguyen D, et al. Clinical 
and Virological Data of 
the First Cases of COVID-
19 in Europe: A Case 
Series. Lancet Infect Dis 
2020; 20(6):697–706 

22. Hoehl S, Rabenau 
H, Berger A, et al. 
Evidence of SARS-CoV-2 
Infection in Returning 
Travelers From Wuhan, 
China. N Engl J Med 2020; 
382(13):1278–1280. 

23. Lagier JC, Colson P, 
Dupont HT et al. Testing 
the Repatriated for 

REFERENCES:

ARTICLE



88 NZMJ 31 July 2020, Vol 133 No 1519
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

SARS-Cov2: Should 
Laboratory-Based Quar-
antine Replace Traditional 
Quarantine? Travel Med 
Infect Dis 2020; 101624.

24. Kimball A, Hatfi eld KM, 
Arons M, et al. Asymptom-
atic and Presymptomatic 
SARS-CoV-2 Infections in 
Residents of a Long-Term 
Care Skilled Nursing 
Facility - King County, 
Washington, March 2020. 
MMWR Morb Mortal Wkly 
Rep 2020; 69(13):377–381.

25. He X, Lau EHY, Wu P, et 
al. Temporal Dynamics in 
Viral Shedding and Trans-
missibility of COVID-19. Nat 
Med 2020; 26(5):672–675. 

26. Young EB, Ong SWX, 
Kalimuddin S, et al. 
Epidemiologic Features and 
Clinical Course of Patients 
Infected With SARS-CoV-2 
in Singapore. JAMA 2020; 
323(15):1488–1494. 

27. Zheng S, Fan J, Yu F, et al. 
Viral Load Dynamics and 

Disease Severity in Patients 
Infected With SARS-CoV-2 
in Zhejiang Province, 
China, January-March 2020: 
Retrospective Cohort Study. 
BMJ 2020; 369:m1443.

28. Lee TH, Lin RJ, Lin RTP, et 
al. Testing for SARS-CoV-2: 
Can We Stop at Two? Clin 
Infect Dis 2020;ciaa459. 

ARTICLE


