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a b s t r a c t 

Background: COVID-19 results in persisting symptoms but there is little systematically collected data 

estimating recovery time following infection. 

Methods: We followed 94% of all COVID-19 cases diagnosed in the Australian state of New South Wales 

between January and May 2020 using 3-4 weekly telephone interviews and linkage to hospitalisation 

and death data to determine if they had recovered from COVID-19 based on symptom resolution. Propor- 

tional hazards models with competing risks were used to estimate time to recovery adjusted for age and 

gender. 

Findings: In analyses 2904 cases were followed for recovery (median follow-up time 16 days, range 1- 

122, IQR 11-24).There were 2572 (88.6%) who reported resolution of symptoms (262/2572 were also hos- 

pitalised), 224 (7.8%) had not recovered at last contact (28/224 were also hospitalised), 51 (1.8%) died of 

COVID-19, and 57 (2.0%) were hospitalised without a documented recovery date. Of those followed, 20% 

recovered by 10 days, 60% at 20, 80% at 30, 91% at 60, 93% at 90 and 96% at 120 days. Compared to those 

aged 30-49 years, those 0-29 years were more likely to recover (aHR 1.22, 95%CI 1.10-1.34) while those 

aged 50-69 and 70 + years were less likely to recover (aHR respectively 0.74, 95%CI 0.67-0.81 and 0.63, 

95%CI 0.56-0.71). Men were faster to recover than women (aHR 1.20, 95%CI 1.11-1.29) and those with 

pre-existing co-morbidities took longer to recover than those without (aHR 0.90, 95%CI 0.83-0.98). 

Interpretation: In a setting where most cases of COVID-19 were ascertained and followed, 80% of those 

with COVID-19 recover within a month, but about 5% will continue to experience symptoms 3 months 

later. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Background 

COVID-19, the disease caused by SARS-CoV-2 infection was de- 

lared a global pandemic in early 2020. While substantial knowl- 

dge has now accumulated regarding the acute clinical presenta- 

ion of SARS-CoV-2 infection and some of the pathophysiological 

hanges observed, particularly in people with serious disease who 

re hospitalised, less is known about the clinical course, partic- 
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larly in those with less severe disease. Numerous case reports 

rom those diagnosed with COVID-19 have described a prolonged 

ecovery with persisting symptoms including fatigue, shortness of 

reath, atypical chest pains or palpitations, changes in mood and 

leep disturbances, and cognitive dysfunction [1-3] . 

There is however substantial variation in estimates of recov- 

ry time. A systematic review and meta-analysis conducted early 

n the pandemic, based on 7 small case series, reported mean 

ime from symptom onset to recovery from COVID-19 was 19 

ays but included both hospitalised and non-hospitalised popula- 

ions and there was significant heterogeneity among estimates [4] . 

ther studies including samples of hospitalised patients (N = 143) 

5] , non-hospitalised adults (N = 292) [6] , and self-reported cases 
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ho logged symptoms into a smartphone application (N = 4182) [7] , 

ave also suggested a wide spectrum of recovery times. To date, 

tudies are limited by their unsystematic sampling frames and low 

esponse rates which means their findings may not be generalis- 

ble [8] . 

Australia has managed to contain COVID-19 relatively well with 

urrently about 30,0 0 0 cases nationally in a population of over 25 

illion [9] . Since the beginning of the pandemic Australia has had 

ery high SARS-CoV-2 testing rates and very low test positivity 

uggesting that case detection is high, at least for symptomatic in- 

ection [9] . New South Wales (NSW) is Australia’s most populous 

tate with a population of over 8 million people, and the location 

f most cases in the first wave of infections in Australia (January to 

ay 2020). We used the state’s comprehensive disease notification 

egistry, follow-up questionnaires and linked health datasets to es- 

imate the recovery time in all people diagnosed with COVID-19 in 

SW. 

. Methods 

.1. Population 

Our sampling frame comprised all people diagnosed with 

OVID-19 in NSW. Cases were identified through the NSW Notifi- 

ble Conditions Information Management System (NCIMS) a statu- 

ory public health register that records infectious diseases legally 

otifiable to public health authorities. It receives electronic no- 

ifications from laboratories and health practitioners and is used 

or disease surveillance and outbreak management. Detailed infor- 

ation on the data available on COVID-19 cases in the NCIMS is 

vailable elsewhere [10] . During the study period cases of COVID- 

9 were considered as confirmed if they met nationally agreed 

ase definitions, which includes having a positive test to a vali- 

ated SARS-CoV-2 nucleic acid test [11] . For all cases recorded on 

he NCIMS database, information collected at initial case interview 

ncluded the date of illness onset, reported symptoms, test date 

nd result, as well as sociodemographic characteristics and co- 

orbidities. Information on hospitalisation and death from COVID- 

9 was entered subsequently, as it became available. 

.2. Follow-up through surveys and record linkage 

Between April and July 2020 all people with confirmed COVID- 

9 reported in the NCIMS were contacted by telephone, on aver- 

ge 28 days after their initial diagnosis with COVID-19. They were 

sked, “Do you still have any symptoms following your COVID-19 

nfection?”. If yes, they were asked to report the symptoms ex- 

erienced and if no, the date they last had symptoms and how 

ong they were sick for. Interviewers were instructed to only col- 

ect symptoms that were new following the COVID-19 diagnosis. 

hose reporting having symptoms were interviewed at approxi- 

ately 3-weekly intervals until resolution of symptoms. Contact 

or interview was not attempted if information provided to NCIMS 

ndicated the person had died, or at the time of attempted con- 

act the person was hospitalised or in a residential aged care facil- 

ty. Telephone contact with eligible cases was attempted at least 5 

imes over a 2-week period before they were considered as non- 

esponders. 

We used methods previously described to link cases to a reg- 

ster of hospitalisations in NSW to determine if they had at least 

n overnight inpatient admission for COVID-19, to supplement the 

eporting to NCIMS [12] . Reports of COVID-19 related deaths were 

btained from the NCIMS record. Interviews were approved by the 

SW Health Department as part of routine public health surveil- 

ance and this study was approved by the UNSW Human Research 

thics Committee (HC200483). 
2 
.3. Data Statement 

Data used in these analyses are held by the NSW Ministry of 

ealth. Data are only available on request to the Ministry and with 

ppropriate ethical clearances regarding use. 

.4. Analysis 

For our primary analysis we included all confirmed COVID-19 

ases reported to the NCIMS database with an onset date from 

 January to 29 May 2020, and for which there was a follow- 

p record through either a completed telephone interview, or a 

OVID-19 hospitalisation or death record. The outcome of inter- 

st was recovery from COVID-19 defined as the absence of self- 

eported symptoms of COVID-19. Follow-up commenced at the re- 

orted date of onset of COVID-19 which was the date of first symp- 

oms or the date of first positive test, whichever came first, and 

oncluded at the first date no symptoms of COVID-19 were re- 

orted or the date of last interview (if symptoms continued), or 

f they had no interview record, the last date of COVID-19 related 

ospitalisation or date of death. Cases who had no symptoms at 

he time of their first positive SARS-CoV-2 test were included in 

nalyses, as a few reported having had symptoms at the 28-day 

nterview but for the vast majority of these cases, recovery was 

onsidered to occur one day following their positive test. 

Survival analysis was used to estimate the relative risks of re- 

overy by age, gender, socioeconomic status, symptoms reported at 

nset and selected pre-existing co-morbidities. As people who die 

rom COVID-19 cannot recover, a competing-risks regression was 

sed to allow for the competing risks of COVID-19 death [13] . All 

nalyses were routinely adjusted for age and gender. 

.5. Role of the funding sources 

The study funders had no role in study design, data analysis, 

ata interpretation or writing of the report. The corresponding au- 

hor had full access to the data in the study and had final respon- 

ibility for the decision to submit for publication. 

. Results 

In total there were 3096 confirmed COVID-19 cases diagnosed 

n NSW during the study period. Of these cases follow-up informa- 

ion was available for 2904 (93.8%) who were followed in statisti- 

al analyses for a median of 16 days; range 1 to 122; interquartile 

IQR] range 11 to 24. Of those with follow-up data, 2572 (88.6%) 

ad a documented interview record that they had recovered (of 

hich 262 were hospitalised), and 224 (7.8%) had not yet recov- 

red at time of last telephone contact (of which 28 were hospi- 

alised). A further 51 (1.8%) died of COVID-19 and 57 (2.0%) were 

ospitalised for COVID-19 without a documented interview record 

f a recovery date. A flow diagram describing the outcome for 

ll cases with follow-up information is shown in Appendix 1. The 

ean time between onset of COVID-19 and first interview or be- 

ween subsequent interviews if required, was 29 days (SD 12; me- 

ian 27 days, IQR 23-33). The average age of the 2904 cases was 

7 years (standard deviation [SD] 20 years), 51% were female and 

5% had a reported comorbidity. Of cases analysed, 3.9% (113/2904) 

ere asymptomatic at diagnosis of which 94% (106/113) reported 

aving no symptoms at follow up. The characteristics of cases over- 

ll and according to whether they were hospitalised or died are 

hown in Appendix 2. 

Figure 1 shows the cumulative incidence curve for recovery 

rom COVID-19 among the 2904 cases and Appendix 3 provides 

he cumulative incidence data in 5-day intervals following disease 

nset. In the first 10 days after illness onset, only 20% of cases had 
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Figure 1. Cumulative incidence of recovery from COVID-19 among N = 2904 cases 
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ecovered but by 20 days 60% had recovered; by 30 days, 80% had 

ecovered; by 60 days 91% had recovered; by 90 days 93% had re- 

overed, and by 120 days 96% had recovered. Of those who had 

ot recovered at the time of their last interview, the most com- 

only reported residual symptoms included cough (46.7%) and fa- 

igue (36.0%). 

Figure 2 shows the hazard ratios for time to recovery from 

OVID-19 according to age, gender, presence of symptoms at di- 

gnosis, and level of socioeconomic disadvantage and Appendix 4 

hows cumulative incidence curves by age and gender and cumula- 

ive incidence tables by age group are in Appendix 5. After adjust- 

ng for gender, compared to those aged 30-49 years, those aged 0- 

9 years were 22% more likely to recover whilst those aged 50-69 

ears were 26% less likely to recover and those aged 70 + years 37%

ess likely to recover. After adjusting for age, men were 20% faster 
Figure 2. Relative risk of recovery by age, gender, sy

3 
o recover than women. Those with symptoms at COVID-19 diag- 

osis were substantially slower to recover than those who were 

symptomatic at diagnosis. There was no discernable difference in 

ikelihood of recovery by socioeconomic disadvantage. 

Figure 3 shows the relative risk of recovery according to symp- 

oms reported at COVID-19 diagnosis. Compared to those without 

ny symptoms there was a substantially lower likelihood of recov- 

ry if any symptoms were reported but this did not vary with the 

ype of symptoms experienced. 

For many comorbidities examined ( Figure 4 ), particularly 

mong people with chronic kidney disease, cerebrovascular disease 

r chronic obstructive pulmonary disease (COPD), the likelihood of 

eporting continuing symptoms for those with the condition was 

ower than in those without. Those with more comorbidities were 

lso less likely to recover than those with fewer. 

. Discussion 

In this study we aimed to use a systematic and inclusive sam- 

ling frame to estimate recovery from COVID-19. In our sample of 

lose to 30 0 0 confirmed COVID-19 cases we found 80% of people 

ad recovered within a month of disease onset, more than 90% re- 

overed by 2 months and 93% by 3 months. We also found that 

ecovery is faster in younger people, in men compared to women, 

nd in those with no comorbidities. The major strength of our 

tudy is that we have systematically followed almost the entire 

opulation diagnosed with COVID-19 within the Australian state 

f NSW to ascertain recovery from infection thereby reducing po- 

ential for selection bias that may affect many other studies [8] . 

e had follow-up data on 2904 laboratory confirmed COVID-19 

ases, which included almost 95% of all people diagnosed during 

he study period. 

While there have been numerous case reports and case series 

f people experiencing prolonged recovery from COVID-19 there 

re few large studies that include unselected population samples 

ocumenting recovery, particularly in people who have not been 

ospitalised. Thus, accurate information on what proportion of 
mptoms at diagnosis and socioeconomic status 
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Figure 3. Relative risk of recovery by symptoms reported at onset (compared to those with no symptoms at all), adjusted for age and gender 

Figure 4. Relative risk of recovery by comorbidities compared to those without that comorbidity, adjusted for age and gender 
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OVID-19 cases are expected to experience prolonged symptoms 

s limited. A US study randomly surveyed adults who were diag- 

osed through outpatient settings. They found among 274 symp- 

omatic cases (56% response rate) that at an average of 16 days 

ost-laboratory diagnosis, 35% had not recovered [6] . Similar to our 

nalysis, they found a higher proportion of younger cases had re- 

overed and that those with more comorbidities were less likely 

o have recovered. However, unlike in our report, they did not 

nd differences between men and women. In another sample of 

182 adults from the UK, the US, and Sweden (mean age 43 years; 

8.5% male) who volunteered to log their symptoms into a smart- 

hone application and had reported testing positive for SARS-CoV- 

, about 13% reported symptoms lasting longer than 28 days, 4.5% 

or more than 8 weeks and 2.3% for more than 12 weeks [7] . Sim-

lar to our report this study also reported a longer duration of 

ymptoms in older adults and in women but also found longer du- 

ation of symptoms in those with high body mass index. The UK 

ffice for National Statistics has surveyed over 80 0 0 people who 
4 
ested positive for COVID-19 and reported that 21% were symp- 

omatic at 5 weeks post-infection and 10% at 12 weeks [14] . As 

ur sample includes all people diagnosed with COVID-19 in NSW, 

ncluding those who died or were hospitalised with COVID-19 our 

stimates of the proportion of people recovered over time are un- 

ikely to be directly comparable to these other samples. 

Other viral infections such as Epstein-Barr virus are known to 

ause prolonged illness characterised by fatigue [15] and long-term 

ffects of COVID-19 are not unexpected with studies on people 

ith SARS-CoV-2 infection suggesting evidence of impairment in 

ultiple organs, predominantly the heart and lungs even in those 

ot hospitalised with the disease [16 , 17] . It has been hypothe- 

ised that as the virus attaches to the ACE2 receptor, which is 

resent on the lung as well as many other organs, that inflamma- 

ory changes leading to longer-term organ damage may occur and 

hat this may lead to long-standing symptoms from the disease [1] . 

ther proposed mechanisms for persisting symptoms include that 

ome people infected by SARS-CoV-2 continue to harbour virus or 
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ersisting viral fragments which trigger immune responses, or that 

n some people the longer-term effects from COVID-19 result from 

n overactive immune response such as observed in other post- 

iral syndromes [18 , 19] . 

Our findings may be explained by the different mechanisms 

hat are thought to underlie prolonged recovery from COVID-19. It 

s well known that COVID-19 severity, hospitalisations and deaths 

ncrease with increasing age and with the prevalence of some co- 

orbidities. Therefore, it is unsurprising that we found recovery 

as longer and was less likely in these groups. It is less clear why,

fter adjusting for age, women took longer to recover than men. 

omen are known to have higher incidence of autoimmune and 

nflammatory conditions than men, so our findings also support 

uggestions of an immune mechanism underlying prolonged symp- 

oms. It has been reported that greater socioeconomic disadvan- 

age may increase COVID-19 severity [20] however after adjusting 

or other factors we did not find significant differences in likeli- 

ood of recovery between different socioeconomic groups in our 

hole of population sample. 

During the study period (Jan to May 2020) in NSW, SARS-CoV- 

 testing was predominantly recommended for individuals who 

ad symptoms suggestive of COVID-19 and asymptomatic screen- 

ng was mostly confined to close contacts of known cases. There- 

ore, while we were able to follow almost all cases with COVID- 

9 diagnosed in the state it is likely that a proportion of mostly 

symptomatic cases were not diagnosed and therefore not in- 

luded in this analysis [21] . As we found that only a small pro-

ortion of people (6%) who were asymptomatic at initial diagnosis 

eported any symptoms at follow-up it is likely that the impact of 

hese missed cases would be to reduce overall estimated recovery 

imes. 

Study limitations include that if at interview people reported 

o further symptoms, they were not re-interviewed, so it is pos- 

ible if people experienced a recurrence of symptoms this would 

ot have been captured. Furthermore, symptoms initially reported 

ere not collected using standardised tools so they may not be 

omparable with other studies. Also, contact protocols meant that 

eople hospitalised or in aged care were less likely to be inter- 

iewed. While this was a relatively small proportion of the total 

ample, this loss to follow-up is likely to be biased towards the 

lder age group, leading to a potential overestimate of likelihood 

f recovery in this group. Also while interviewers were asked to 

nly record symptoms related to the diagnosis of COVID-19, it is 

ossible that those with comorbidities may have had difficulty dif- 

erentiating pre-existing complaints from new ones, also creating 

 bias towards those with more comorbidities being less likely to 

e classified as recovered. Finally, no functional or diagnostic mea- 

ures were conducted although this was not the aim of our study 

nd is likely to have enabled the high follow-up rates which was 

he purpose of this epidemiological report. 

In summary, we found that in a large whole-of-population 

ample of mostly symptomatic people with laboratory confirmed 

OVID-19, while 80% recover within 30 days of infection, at 3 

onths from disease onset, 7% had not. Given that 1.8% of peo- 

le in our sample also died of COVID-19, our data suggests that 

pproximately 5% of people with COVID-19 will continue to ex- 

erience symptoms at 3 months post-infection. Compared to con- 

itions such as influenza where recovery is expected within 1-2 

eeks [22] , our data further demonstrates the substantial direct 

mpact of COVID-19 on population health and the need to consider 

ot only the impact of COVID-19 on hospitalisations and deaths 

ut also the longer-term health of those who have milder forms 

f the disease. With now more than 150 million cases diagnosed 

orldwide, the findings from this study highlight the importance 

f preventing infections through both non-pharmaceutical inter- 

entions and vaccination to avoid direct effects on longer-term 
5 
ealth in the population. They also highlight the need to improve 

linical services to support recovery from COVID-19. 

esearch in context 

Evidence before this study: There is significant concern regard- 

ng the longer-term effects of COVID-19 but to date most studies 

ave been restricted to volunteers or people hospitalised with dis- 

ase which may bias estimates of recovery. 

Added value of this study: In this study we followed 94% of 

ll people with a laboratory-confirmed diagnosis of COVID-19 in 

he Australian state of New South Wales to determine if they had 

ecovered from their infection. We found that 80% of those with 

OVID-19 recover within a month, but about 5% will continue to 

xperience symptoms 3 months later. Older people, women and 

hose with comorbidities were less likely to report recovery. 

Implications of all the available evidence: Accurate estimates 

f the proportion of people diagnosed with COVID-19 who experi- 

nce long-term effects are important to estimate the impact of dis- 

ase at a population level. Our whole of population estimates sug- 

est that while only a small proportion of those presenting with 

OVID-19 will have prolonged symptoms, given the scale of the 

andemic and the number of cases diagnosed worldwide, these 

ffects are significant and should be considered in balancing the 

osts and benefits of prevention strategies. 
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