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Aim: To explore whether the acute 30-day burden of COVID-19 on health care use has changed from the
beginning to the end of the pandemic.

M ethods: In all Norwegians (N=122 699) who tested positive for SARS-CoV-2 in three pandemic waves
(March 1%-July 31% 2020 (1% wave), August 1¥-December 31% 2020 (2™ wave), and January 1%-May 31%
2021 (3" wave)), we studied the age- and sex-specific share of patients (by age groups 1-19, 20-67, and 68
or more) who had: 1) Relied on self-care, 2) used primary care, and 3) used specidlist care.

Results: We find that aremarkably high and stable share (70-80%) of patients with COVID-19
exclusively had contact with primary care in the acute phase, both in the 1%, 2™ and 3" wave. The mean
number of primary care visits ranged between 2 and 4. We also show that the use of specialist care in the
acute 30-day phase of COVID-19 has decreased, from 14% being hospitalized at least once during spring
2020, to 4% during spring 2021. The mean number of hospital bed-days decreased significantly for men
from the 1% to the 2™ wave (from 13 days, 95% Cl=11.5-14.5 to 10 days (9-11) for men aged >68 years,
and from 11 days (10-12) to 9 days (8-10) for men aged 20-67 years), but not for women.

Conclusion: COVID-19 places a continued high demand on the primary care services, and a decreasing
demand on the specialist care services.

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.
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I ntroduction

The World Health Organization declared the outbreak of COVID-19 aglobal pandemic on 11 March 2020
[1]. Since then, most countries have implemented strict lockdown measuresin order to control the virus
and limit the burden to the health care system. The goal of lockdown has been to ensure a sufficient
capacity in inpatient specialist care, i.e. enough hospital beds and ventilators had to be available when
large proportions of the population were infected. The clinical course and mortality of COVID-19 among
hospitalized individuals have therefore been well described, especially for the first wave of the pandemic
(spring 2020) [2-5].

Lessis known about COVID-19' stotal use of health care services, including both specialist and primary
care, both during the 1% wave, but especially during the 2™ and 3 wave striking fall 2020 and spring 2021
in Norway. To date, studies of primary care use during the pandemic have focused on structural changes
inits delivery, such astelemedicine visits vs. office-based visits [6], whereas studies of the use of primary
care services are lacking. The use of health care services may be hypothesized to have changed throughout
the pandemic, starting with limited test availability and many personsin risk groups being hospitalized
and eventually dying, to mass testing, mass vaccination of persons at risk and an increasing herd
immunity. In the latest wave, the health care services may be hypothesized to be better trained in how to
manage severely ill patients, leading to declining specialist care treatment and fewer fatal outcomes today
than in the beginning of the pandemic.

Describing how the acute impact of COVID-19 on primary and specialist care services has behaved from
the 1% to the 3" wave of infection, isimportant when trying to predict how the burden on health care
serviceswill bein a4™ or 5" wave. It is also important for the understanding of how a similar future
pandemic in its different phases would affect the health services, given everything we have learnt from the
implementation of lockdown measures. More specifically, for the timely and correct upscaling or
downscaling of the health services, we need to understand the major COVID-19 patient flows through the
health care systems, as well as the peak and total demand of health care services in the days following a
positive test of an individual.

In this paper we aim to explore the age- and sex-specific acute burden of COVID-19 on the health care
services in three waves of the pandemic in Norway. Starting with the date for the first positive test for
SARS-CoV-2, we estimated the wave-specific major patient pathways, as well as the peak and total use of
health care services, for children and adolescents (age 1-19 years), the working age population (20-67) and
the elderly (68 and above) within a 30-day time frame.

M ethods

The BeredtC19-register is an emergency preparedness register aiming to provide rapid knowledge about
the pandemic, including impacts of measures to limit the spread of the virus on health and utilization of
health care services [7]. BeredtC19 compiles daily updated individual-level datafrom severa registers. It
includes the Norwegian Surveillance System for Communicable Diseases (MSIS) (all testing for COVID-
19), the Norwegian Patient Register (NPR) (all electronic patient records from all hospitalsin Norway),
and the Norway Control and Payment of Health Reimbursement (KUHR) Database (all consultations with
all general practitioners and emergency primary health care), as well as the National Population Register
(age, sex, country of birth, date of death). Thus, the register includes all polymerase chain reaction (PCR)
tests for SARS-CoV-2 in Norway with date of testing and test result, reported from all laboratoriesin
Norway and all electronic patient records from primary care as well as outpatient and inpatient specialist
care. The establishment of an emergency preparedness register forms part of the legally mandated
responsibilities of The Norwegian Institute of Public Health (NI1PH) during epidemics. The Ethics
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Committee of South-East Norway confirmed (June 4th 2020, #153204) that external ethical board review
was not required.

Population

Our population included every Norwegian resident on January 1st 2020 who tested positive for the SARS-
CoV-2 by a PCR-test from March 1% 2020 to May 31% 2021. The date with the first record of a confirmed
test was coded as being the start of the individual’ s health care pathway. Patients with negative PCR-tests,
as well as patients with suspected COVID-19 and without positive PCR-tests were excluded. We divided
our population into mutually exclusive age and sex groups, i.e. girls and boys, men and women by the
following age categories: 1-19 (children and adolescents), 20-67 (working age population) and 68 years or
older (elderly).

Outcomes

We had several outcomes, which combined, and sorted chronologically on dates of occurrence provided a
comprehensive picture of COVID-19-related health care pathways. The dates of all outcomes were sorted
relative to the date of first positive PCR-test, with the test date being coded as day 0 and the outcomes
occurring on day 0 to day 30. To take into account that many PCR-tests were prescribed by the health care
services, we performed analyses that included vs. not included visits related to the testing. Our outcomes
were defined as follows:

1. Primary care use with International Classification of Primary Care (ICPC-2) code R992 (COVID-
19) (GPs or emergency wards).

2. Hospital-based inpatient specialist care with International Classification of Disease (ICD-10) code
U071 (confirmed COVID-19).

3. Death independent of cause but occurring within 30 days after the positive test.

Statistical analyses

We first assessed descriptive statistics of our study population by different waves or periods of the
pandemic, each having different characteristics: the 1¥ wave of transmission (March 1% 2020 — July 30"
2020) which was characterized by low availability of testing (only available for health personnel, elderly
and persons at risk), the 2™ wave of transmission (August 1% 2020- December 31% 2020), which was
characterized by wide testing criteria and free testing, and the 3 wave of transmission (January 1% 2021 —
June 1% 2021), which was characterized by continued wide testing criteria and free testing as well as the
start of mass vaccination and an increasing number of the more transmissible variants (especially alpha,
but also some cases of beta, gamma and delta) [8-10].

Second, based on the total health care use observed during the -2 to +30 days following positive test, we
divided the study population into three different major patient pathways. Each of the patient pathways
represented a different acute burden of disease on the health care systems: 1) patients who had no contact
with any health services, 2) patients who had contact with primary care (GP and/or emergency ward) only,
and 3) patients who had contact with speciaist care, with or without additional need for primary care. To
get an overarching picture of the major patient flows, we visualized the timing of care for these different
pathways in alluvial diagrams (see S-Figure 1). We aso estimated the whole-sample- and pathway-
specific mortality as proportions with 95% confidence interval s using the Wilson-method (see S-Table 1).

Third, we studied the peak and total use of primary and specialist care during the -2 to +30 days following
positive test, for each of the 1, 2™ and 3™ waves, independent of whether the care use could be classified
in one of the above-described care pathways. To explore the wave-wise peak use, we estimated day-by-
day proportionsthat visited primary and specialist care at least once during day -2 to +30. For persons
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with at least one visit in primary care, we included the first visit, and for persons with at least one visit in
specialist care, we coded all the days spent in hospital as hospital bed-days. To explore the total usein
each wave, we estimated the cumulative proportions visiting primary or specialist care at least once during
day -2 to +30. We repeated these analyses with exclusion of day —2 to 0 to account for the impact of
testing on the peak and total use of health care. Finally, among persons having at least one visit in primary
or specialist care, respectively, and by age and sex, we also estimated the mean number of visitsin
primary care and mean number of days spent in hospital (bed-days) in each wave (with 95% confidence

intervals being calculated as 4 + 1.96 % \% where u isthe mean, ¢ is the standard deviation and nisthe

population size). All analyses were run using STATA SE v.16.

Results

Weidentified 122 699 persons with at least one positive PCR-test for SARS-CoV-2 in the total tested
population of 3 096 200 persons between March 1% 2020 and May 31% 2021. The total number of tests
throughout the wave was 6 918 216. The percentages positive tests among all testsin the 1%, 2™ and 3"
waves were 1.9%, 1.6% and 2.2%, respectively. Table 1 shows that the age of persons testing positive
decreased from the 1% to the 3" wave. It also shows that the percentage of women among those testing
positive decreased from the 1% to the 3" wave (Table 1). The proportions dying within 30 days after
positive test decreased from the 1% to the 2™ wave (i.e. from 18% to 8% for men above 68 years and from
16% to 9% for women above 68 years), but not or to a lesser extent from the 2™ to 3" wave (S-Table 1).
The 30-day mortality was low across all pandemic waves for persons aged under 67 years (S-Table 1).

Table 1. Descriptive characteristics of persons testing positive for SARS-CoV-2 in each of
three pandemic waves in Norway, 2020-2021.

1st wave 2nd wave 3rd wave
March 1st - DAeég‘]ﬁ e}il 4 Jenuary lst-
July 31st 2020 2020 May 31st 2021
N=9158 N=39 595 N=73 946
Age, mean (SD) 45.6 (19.7) 36.0 (19.1) 31.5(18.4)
Women, N (%) 4590 (50.1) 18621 (47.0) 34460 (46.6)
Children and adolescents (1-19
years)
Girls, N (%) 330 (3.6) 3988 (10.1) 11048 (14.9)
Boys, N (%) 333(3.6) 4197 (10.6) 11716 (15.8)
Adultsin working age (20-67
years)
Women, N (%) 3604 (39.4) 13290 (33.6) 22202 (30.0)
Men, N (%) 3616 (39.5) 15574 (39.3) 26544 (35.9)
Elderly (>68 years)
Women, N (%) 656 (7.2) 1343 (3.4) 1210 (1.6)
Men, N (%) 619 (6.8) 1203 (3.0) 1226 (1.7)
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Patient pathways from positive test to 30 days after

Boys and girls aged 1-19 yearslargely followed the same patient pathways in al three waves, whereas
men aged >20 years were more frequently treated in specialist care compared to women aged >20 years
who were more frequently treated in primary care (Figure 1).

The share that did not use health services was relatively stable across the three waves for boys and girls
aged 1-19 years aswell as for the elderly (68 or more) (Figure 1). For men and women in their working
age (20-67) the share relying on self-care increased from the 1 to the 3" wave, especially for women
(Figure 1).

The share using only primary care was stable across the waves, around 75-85% for persons aged 1-67
(Figure 1). In contrast, for the elderly, the share using only primary care increased from ~40% in the 1%
wave, to ~60% in the 2™ and 3 wave (Figure 1). Along these shifts, we observed a decrease in the share
of persons needing specialist care, especialy from the 1% to the 2™ wave, but not from the 2™ to 3" wave,
for all groups of age and sex (Figure 1). Further, the 30-day all-cause mortality decreased for personsin
al healthcare pathways from the 1% to the 3" wave (S-Table 1). However, women aged >68 years who
were treated in specialist care had aless varying mortality across the three waves (S-Table 1).

S-Figure 1 shows that the share in need of specialist care prior to primary care was larger than the sharein
need of primary care prior to specialist care, for al pandemic waves. Furthermore, the shares that were
still in need of primary or specialist care on day 30 after a positive test decreased from the 1% to the 2™
wave and to alesser extent from the 2™ to the 3" wave, for all groups of age and sex. During the 1% wave,
60% of persons aged >68 years did not use health care services on day 21-30 after a positive test,
compared to 80% during the 3 wave (S-Figure 1).

Peak and total use of primary care

Figure 2 shows a small decline in both the peak and cumulative use of primary care, from the 1% to the 2™
and to the 3" wave. During the 1% wave, half of all patients visited primary care on day 0, decreasing to
40% in the 2™ wave and 25% in the 3" wave (Figure 2). Furthermore, during the 1¥ wave, patients
continued to visit primary care for alonger time compared to the other waves, with still 2-5% visiting
primary care during days 20 and 30 (Figure 2). S-Figure 2 shows that middle-aged and elderly persons
continued to visit primary care for alonger time than persons aged 1-19 years. For adults aged 20 or
more, the mean number of visitsin primary care decreased from the 1% to the 3" wave in the pandemic,
whereas it increased for children and adolescents aged 1-19 years (Figure 3). When we excluded primary
care use in relation to testing, results showed a slight increase in the cumulative share from the 1% wave
(72%) to the 2™ wave (76%), and a slight decrease again in the 3" wave (74%) (S-Figure 3).

Peak and total use of specialist care

We observed a significant shift in the total use of specialist care throughout the pandemic, from 14%
being hospitalized at least once during the 1% wave, compared to 4% during the 2™ and 3" waves (Figure
4). During the 1% wave, the share visiting specialist care peaked at the 2" and 3" day following a positive
test (7%) (Figure 4). In contrast, and during the 2" and 3" wave, this share peaked at the 9" and 10" day
following a positive test, with only 2% (Figure 4). S-Figure 4 shows that a minor proportion of children
and adolescents, and a considerable proportion of elderly visited specialist care. Along thisline, the mean
number of bed-days was also longer for the middie-aged and elderly, than it was for children (Figure 5).
Generaly, women tended to have alower number of bed-days than men (Figure 5). The mean number of
bed-days tended to decrease from the 1% to the 2™ wave, before tending to increase again from the 2™ to
the 3 wave (Figure 5). However, the range of confidence intervalsimplied that the decrease was only
statistically significant for men aged 20-67 and 68 or more (Figure 5). As expected, we see little changes
in the cumulative share of persons visiting specialist care when excluding days —2 to 0, i.e. during the
period in which any health care use could be assumed to be related to testing (S-Figure 5).
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Discussion

In this explorative study of al 122 699 persons testing positive for SARS-CoV-2 from March 1% 2020 to
May 31% 2021 in Norway, we find that a high share of patients with COV1D-19 (70-80%) has been treated
exclusively in primary care in the acute phase, with a mean number of visits between 2 and 4. We aso
show that the acute 30-day impact of COVID-19 on specialist health care services decreased as the
pandemic progressed: from 14% being hospitalized at least once during spring 2020, to 4% during spring
2021. This shift mainly applied to persons aged 20 or more.

An important strength of our study is that we could include everyone with a positive test throughout three
major waves or periods of the pandemic. In this way, we could provide a comprehensive picture of all
health care use following a positive PCR-test for these different waves, i.e. not restricted to specialist care
asin previous studies[3, 4]. Moreover, we could provide details in primary and specialist care for
different age and sex groups. We were unable to find a similar study for an effective comparison of our
findings. However, it is evident from our data that the share using primary careis rather high for al age
and sex groups, including children and adolescents (~80%). In fact, whereas the mean number of primary
care visits decreased for women and men aged 20 or more as the pandemic progressed, the same mean
number increased for children and adolescents aged 1-19 years. Our findings imply that strengthening the
clinical expertise and capacity of the primary care services (GPs and emergency wards) to handle COVID-
19 patients may be important when facing future waves of the pandemic, and this may be particularly true
for pediatric primary care. Causes for the increase in primary care use among children and adolescents are
unknown, although it may partly be explained by differences in testing patterns as the pandemic
progressed. Still, primary care use was utilized by almost the same share (~70%) when excluding visits
related to the testing and detection of COVID-19, and we suggest the increased primary care use among
children and adolescents as a topic for future studies.

To our knowledge, the current study isthe first to demonstrate the massive use of primary care services by
COVID-19. Thisisimportant to report, given that awell-functioning primary care serviceis essential in
reducing demands put on hospital services; it is essential to support rehabilitation of recovering patients;
to improve palliative care; and sustain non-covid care [11]. As an example, S-Figure 1 shows that about
40% of persons aged 68 years or more who were hospitalized used primary care after discharge, and the
sharein this age group that could recover through help in primary care only increased from the 1 to 2™
wave (S-Figure 1). Still, in our study, the peak use of primary care was centered to the -2 to 0 days around
positive test, implying that a certain proportion of the large amount of primary care visitstook placein
relation to testing and the detection of COVID-19. Indeed, when we excluded visits that were related to
testing, the total share visiting primary care during the 30-day period decreased, yet only dlightly (from
~80% to ~70%). Thus, the somewhat different patternsin primary care use from the 1¥ to the 2™ and 3
wave (Figure 2) may be explained by differences in testing criteria, i.e. the 1¥ wave was the only wave
with limited test availability and strict testing criteria (the elderly, persons at risk and health personnel).

Such differencesin testing patterns are less likely to explain the decreasing demand put on specidist care
services throughout the pandemic. Both the proportion hospitalized at |east once, and the mean number of
bed-days decreased from the 1% to the 2™ wave. Explanations for the decreased specialist care use may be
related to a generally improved knowledge level of how COVID-19 behave clinically, both among the
COVID-19 patients and among care personnel during the 2™ and 3" waves of the pandemic. Asan
example, GPs may be hypothesized to more quickly refer to specialist care when the clinical knowledge
was low and the risk of fatal outcomes high (as was the case when the pandemic stroke in March 2020).
One example that may demonstrate this phenomenon is that the use of specialist care shifted from peaking
on the 2"-3" day during the 1% wave, to peaking on the 9"-10" days following positive test during the 2™
and 3" wave (Figure 4). However, this observation might also reflect that testing occurred later in the
course of the disease in the 1% wave. Another important observation to our specialist care results, was the
tendencies that the proportion hospitalized, as well as the mean number of bed-daysin hospital increased
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from the 2™ to the 3" wave (Figure 1, Figure 5). Although we did not aim to explore whether the severity
of COVID-19 has changed, an important characteristic of the 3" wave of transmission has been the rise of
mutant viruses. Recent reports are inconclusive as to whether mutant viruses result in more severe disease
requiring more hospital care[10, 12, 13].

Severd limitations should be mentioned. First, we do not know the causes or severity of complaints
behind the care use following a positive test for SARS-CoV-2. Although we only included care visits with
diagnostic codes of COVID-19, we could not separate the complaints affecting e.g. the respiratory or
digestive system. Also, we had no comparison group, simply because we did not aim for any causal
inference and because comparable data are not available for asimilar epidemic or pandemic setting with
other infectious diseases. However, in recent studies of post-acute COVID-19, we demonstrate a likely
causal effect of being infected with SARS-CoV -2 on the post-acute health care use [14]. Here, we also
exclusively included visits that were specific to COVID-19, i.e. we did not study all-cause visits. Second,
our study was of an explorative and descriptive character. Thus, we looked for patterns and trendsin a
large amount of data using mainly graphsin a self-devel oped structure, such asthe division of ageinto
children and adolescents, adults in working age population and the elderly, and by sex. We did not apply
any data-driven analyses in our exploration of pandemic trends in health care use, thus we might have
missed important details. To combat some of these issues, we chose to present alarge amount of raw data
visualized as alluvial diagramsin the supplementary files (S-Figure 1). Third, we may have
underestimated the care use among persons aged 68 years or more. Very frail persons live in care homes
and receive ingtitutionalized care that may not be registered in our data sources. And finally, and as
mentioned above, we cannot exclude that some of our observations of changing (or stable) trends are due
to differencesin test criteria or -patterns as the pandemic progressed. Such patterns may differ across our
groups of age and sex. However, if thisis the case, the testing is obviously a part of hedlth careusein
relation to COVID-19, or else we would not have observed these visits. Thus, because testing for SARS-
CoV-2 has been a part of the primary and specialist care services from the beginning of the pandemic,
including care visitsin relation to the detection of COVID-19 is still important in the public health
question of whether the health services should be upscaled or downscaled in future similar situations.

In conclusion, we demonstrate alarge acute impact of COVID-19 on primary care services, i.e. astable
proportion of around 70-80% visited primary care at |east once during the first 30 days following a
positive test. We also demonstrate a decreasing impact of COVID-19 on specialist care services from the
1% to the 3" wave. These findings are important to report considering future waves of COVID-19, i.e.
there may be alower need for upscaling specialist care services and alarge need for upscaling primary
care services.
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