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Summary

The COVIR9 pandemic has resulted in substantial mortality worldwide. However, to date, countries in
the Middle East and Africa have reported substantially lower mortality rates than in Europe and the
Americas. One hypothesis is that these countries ltia®Sy Wa L)} NBRQX o6dzi | y2 i KSNJ 2
under-ascertained (deaths that have been unreported due to any number of reasons, for instance due to
limited testing capacity). However, the scale of undscertainment is difficult to assess with curtly
available data. In this analysis, we estimate the potential wadeertainment of COVADO mortality in
Damascus, Syria, where-aduse mortality data has been reported between 25th July and 1st August. We

fit a mathematical model of COMI® transnission to reported COVADO deaths in Damascus since the
beginning of the pandemic and compare the moedetdicted deaths to reported excess deaths. Exploring

a range of different assumptions about uneEgcertainment, we estimate that only 1.25% of deaths
(sensitivity range 1% 3%) due to COVII®O are reported in Damascus. Accounting for under
ascertainment also corroborates local reports of exceeded hospital bed capacity. To validate the epidemic
dynamics inferred, we leverage communiiploaded obituarycertificates as an alternative data source,
which confirms extensive mortality undascertainment in Damascus between July and August. This level

of underascertainment suggests that Damascus is at a much later stage in its epidemic than suggested by
surveillance reportsWe estimate that 4,340 (95% CI: 3,250540) deaths due to COVID in Damascus

may have been missed as of 2nd September 2020. Given that Damascus is likely to have the most robust
surveillance in Syria, these findingsggest that other regions of the country could have experienced
similar or worse mortality rates due to COMID.
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1. Introduction

The COVIR9 pandemic is a major global threat, with 25,327,088es and 848,255 deaths confirmed as

of 1st September 202@F1). The majority of countries have responded to the potential threat by
implementing various nopharmaceutical interventions, with many opting for societigle suppression
measures in an effort to prevent unacceptable loss of (Be However, a number of lovand middle
income (LMICs) and/or confliefffected countries in Africa and the MiddEast, such as Tanzania, Sudan
and Yemen have reported no sharp increase in mortality of the scale predicted by multiple modelling
studies, even where interventions were limit€8, 4). These observains are hard to reconcile with
contemporaneous reports of hospitals becoming overwhelmed in these sefin@}. They are also in
contrast to reports from LMICs in Latin America that have witnessagbmepidemics resulting in
hundreds of thousands of death{Z, 8). Additionally, many of these settings with very low observed
mortality are now reporting that cases and hospital bed demand are falling despite no notable change in
implemented interventions or behaviour chan@. Consequently, many alternative explanations have
been sought to understand the heterogeneity in the magnitude of CQ9IEpidamics seen across LMICs.
These include exploring the effects of climéi@), populationdensity(11), inter-pathogen effectg12),
younger populationgl3) and BCG vaccinatidt4) on COVIEL9 transmission or clinical severity.

One alternative (or concurrent) explanation, which has garnered less attention within the scientific
literature despite numerous reports in the media5, 16), is that COVIR9 related deaths have been
substantially undeascertained in some countries. Uneascertainment of COVIDO symptomatic cases

has been recognised as an issue in many setthahk figh and low income), due to factors such as limited
testing capacity and the nespecific symptoms of mild disead@. Because clinically severe cases are
more likely to be recognised and test&® mortality data have been viewed as a more reliable datastream
for crosscountry comparisons and for tracking epidenti®s However, undeascertainment of COViD

19 deaths is known to occur, with investigatsocomparing excess mortality and reported-tainfirmed
COVIEL9 deaths revealing substantial discrepancies, particularly at the beginning of epidemics and at the
peak of transmissiofiL6, 20). Conseqantly, allcause, excess population mortality has been considered
the most reliable data source for comparing the magnitude and trajectory of GOd/épidemics across
countries(21). Unfortunately, reatime estimates of altause mortality are unavailable for many LMICs
and conflictaffected countries where comprehensive vital registratgystems are often lacking or data
sharing is restricte@2).
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Motivated by reports of an overwhelmed health systé®8) and widespread undeascertainment of
deaths(24) we sought to understand the evolving CO\N®epidemic in Syria, a countityat has been
ravaged by war for nearly a decada particular, we focus on reports from the capitaDEmascus, for
which the governorate released a statement on 2nd August 2020 reporting the number of deaths
recorded by the Damascus mortuary office between 25th Jiigt August (Supplementary Table(3}).

During this 8ay period, 832 deaths were reported giving an average of 104 deaths per day. The reported
deaths are significantly irkeess of estimates of expected daily mortality, namely 32 deaths per day given
annual mortality for Damascus reported by the Syrian Central Bureau of Statistic36BShe week
earlier, the director of the Damascus Burial of the Dead Office suggested that thpamdemic daily
Y2NIFfAGE Ay 51 Yl addz R dapldoyirately 40ideathd, JSnddna fRyureifthell K S
summer as deaths increase due to high Ba¥). This estimate is in line with reports from 2016 by the
same director that daily deaths are in the range ofSlbdeaths per day28). Applying these broadly
consistent prepandemic baselines, we computed approximate excess mortality, and in turn infer the level
of underascertainment of COVAIO deaths in Damascus.

2. Estimating he underascertainment of deaths

We extend a previously publish€8) agestructured COVIR9 transmission model and fit the model to

daily COVIE19 deaths reported in Damascus governorate (Supplementary Table 4). As of 2nd September
2020, 120 COVHD9 deaths had been reported in Syria, of which 60 were in Damascus gaer(feigure

1). During this time, a number of nggharmaceutical interventions (NPI) were implemented in Damascus,
including curfews, school and work closures and suspension of religious prayers, however most of these
are reported to have been implementaatior to 11th May 2020 with many being relaxed on 26th May
(Figure 1 and Supplementary Table 5). As in our previous work modelling healthcare burden 2@MICs

we first estimate relative changes in individdeyel mobility (and by extension, patterns of mixing and
contact relevant to the transmission of respiratory viruses) over timeciipally, we estimate mobility

using a Boosted Regression Tree model (Supplementary Figure 1), trained to predict mobility patterns (as
guantified in the Google Community Mobility Repo(®)), which comprise 130 countries but are not
available for Syria) based on government policies, as quantified by the ACAPs Government measures
dataset(Supplementary Table §31). We then estimate the effect of changes in mobility on SEB&2
transmission by fitting to the time series of daily COVY®deaths, allowing the effect size of mobility to

differ after interventions are relaxed to reflect changes in human behaviour in response to-C&@HD
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Figure 1. Incidence of confirmed deaths due to COXMin Syria up to 2nd September 202Deaths reported
by the Syrian Ministry of Heali{33) are shown, with the deaths occung in the Damascus governorate in go
The inferred relative mobility pattern for Syria is superimposed with the red line (where 100% indicates-tt
epidemic baseline), with the timing of government interventions and policy changes indicated withegtiegl
lines. As of 2nd September, 120 COY®eaths had been reported in Syria, with 60 deaths in Damascus.

In order to estimate the level of undascertainment of deaths, we assume that a constant proportion of
the modelpredicted COVIR19 deathson a given day are ascertained and reported. We scan across a
range of underascertainment levels to relate the deaths predicted by the model to reported deaths.
Reported deaths are assumed to follow a negative binomial distribution (to allow for obsevezd
dispersion of counts) with an expected mean value given by the nprédicted deaths multiplied by the
level of underascertainment. If we assume a constant level of uralrertainment, the trajectory of
reported deaths should mirror the shape oktkepidemic after accounting for undascertainment. Using

this assumption we infer the level of undascertainment by comparing the model predicted deaths
between 25th July 1st August to the estimated excess mortality based on the government repolited a
cause mortality data in Damascus for the same period.

Furthermore, our transmission model tracks the number of individuals predicted to develop symptoms
sufficiently severe to require hospitalisation, either requiring oxygen support (in less seveis oas
mechanical ventilation (for those with the most severe symptoms). Some 204 intensive care unit (ICU)
beds offer mechanical ventilation in Damascus across the private and public health system, with 47%
estimated to be available for COVID cases afir accounting for expected occupancy due to fi0@VID

19 health problemg34). We assume the number of hospital beds in functional hospitals is equivalent to
the number of individuals who can be provided with oxygen support. The Health Resources and Services
Availability Monitoring System (HeRAMS) estimated there were 3,245 hbspita in functional hospitals

in Damascus in 202(5). Using estimates of the propooti of beds in public health systed8, we
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estimate there are approximately 4,300 beddunctional hospitals in Damascus across both the private
and public health systems. Based on inpatient data from previous y@&)s we estimate that
approximately 1935 (45%) of these beds are available for GO/ERImissions after accounting for
normal hospital demand. Based on UN estimates from the World Urbanization Prospects we assu
population size of 2,394,000 for Damascus governa(2ée37), with an age demographic identical to UN
estimates for Syri36). Given the extensive changes to Syrian demography and health services resulting
from war, and ongoing uncertainty regarding key COlDparameters, we conducted an extensive
sensitivity analysis, exploring the impact that the assumed demography, population size in Damascus
governorate, healthcare capacity, infection fatality ratios (IFeRs) baseline daily mortality have on the
estimated level of undeascertainment (Supplementary Table 6).

Adopting the default parameters, we estimate that 1 in 80 (1.25%) deaths due to @OWi&ve been
reported in Damascus (Figure 2). This was detegthiyy comparing the modgiredicted deaths between

25th July- 1st August to the excess mortality under the assumption that all excess deaths are due to
COVIEL9 (Figure 2a). If we double our assumed baseline death rate from 32 to 64 deaths per daly, we sti
estimate substantial undeascertainment with an estimated 1 in 50 deaths due to C&\being
reported as such (Figure 2b). To explore the reliability of these model fits, we also looked at reports of
when hospitals were reported to be at capacitydamascus. These reports vary, but there is consensus
that individuals were reluctant to go to hospitals sometime between 17th(38)yand 30th July39) due

to hospital reachng capacity and having to turn away patients. With our default parameters, we predict
that hospital capacity would have been reached during this period with an assumedaswitainment

of deaths between 1% and 1.25% (Figure 2c). This lends furtheorswippur inferred most likely under
ascertainment of 1.25%. This finding is dependent on the assumed number of hospital beds available.
However, in our sensitivity analysis the best model fit to mortality data was obtained assuming
approximately 2,000 hspital beds were available, consistent with the value of 1,935 beds used to
generate our central estimates (Supplementary Figure 2). Sensitivity analysis showed our estimates to be
robust to varying assumptions about the population size and demographyeddamascus population.
However, we obtained a better model fit when we assumed a higher IFR than given by the Verity et al.
estimates(40). Higher IFRs are plausible if access to oxygen support was limited at the peak of the
epidemic (3). Looking across the full range of assumptions examined in the sensitivity analysis, we
estimate that between 1% and 3% of deaths due to C&¥IRere ascertained and reported.
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Figure 2. Estimates of undexscertainment of deaths in Damasculh a) the daily modepredicted deaths ir
Damascus are shown using the default model parameters and a range of values for theasiceltainment of
COVIBEL9 deaths. Excess deaths for awla8/ period are shown with point ranges, with estimates assumil
baseline of 32 and 64 deaths per day shown with a circle and triangle respectively. In b) the log likelihood
level of underascertainment is shown for different assumed baseline adst. Model log likelihoods presente
reflect the mean model log likelihood across the full sensitivity analysis conducted, suggesting that
ascertainment is likely between 198% when viewed across both baseline mortality estimates. In c) the m
predicted hospital occupancy for the simulations in a) are shown. The hospital capacity for Damascus i
with a dashed horizontal line, with theveek period in which hospitals were reported to be first at capa
shown shaded in red.
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3. Implications of underascertainmentfor the Damascus epidemic

Thescale of inferred undeascertainment indicates a starkly different epidemic from that suggested by
reported deaths, with implications for its future trajectory To reconstruct the course of theegpidto

date and forecast its future trajectory, we selected the bfitsing model from the default parameter set,
which assumed that 1.25% of COMMD deaths are reported, and projected it forward for 120 days,
assuming that the interventions and poputat contact patterns remain constant after 2nd September
2020. We estimate that 4,440 (95% CI: 3,31%60) deaths have occurred in Damascus up to 2nd
September 2020 (Figure 3a). We estimate that there were 67,290 (95% CI: 447619 0) active
infections in Damascus on 2nd September 2020, with 9,760 (95% CI: -6J47860) newly infected
individuals, including both asymptomatic and symptomatic infections. Consequently, we predict that a
cumulative total of 39.0% (95% CI: 32.5646.0%) of the populatio in Damascus had been infected by
2nd September 2020 (Figure 3d). Assuming that the current level of interventions remains in place, we
predict that the epidemic has passed its peak in transmission. We estimate that 240 (95%-G8@Q)70

new COVIEL9 caes requiring hospital level health interventions occurred on 2nd September 2020, with
the peak in hospitalisation requirement predicted to have occurred one month earlier during the 1st week
of August 2020. However, despite the decrease in admissiongredéct that there have been insufficient
hospital beds for the majority of August 2020, with beds becoming available again from the 28th August
2020 (Figure 3c).

We predict that the early indicators of declines in transmission observed in Damasatmwiilie, with
49.1% (95% CI: 41.7%4.7%) of the population being infected by the end of 2020. The recent decline in
transmission in Damascus is largely due to increasing immunity in the population and the resultant
depletion of susceptible individualg§Supplementary Figure 3). We estimate that the effective
reproduction number, R, for Damascus was 0.87 (95% CI: 6.832) on 2nd September 2020. In the
absence of immunity, we estimate that, Ramely the reproduction number unadjusted foopulation
immunity, would have been 1.48 (95% CI: 1.3465) on 2nd September 2020. This is significantly lower
than the estimate of R which was estimated to be 2.77 (95% CI. 2234), which given the majority of
interventions in Damascus have ndyeen relaxed, suggests that individdewel behavioural changes
have led to a reduction in transmission since the beginning of the epidemic.
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Figure 3. Modepredicted deaths, infections, hospital occupancy and attack rates of COMDor Damascus
The bestfitting model to excess deaths (assumed baseline mortality as 32 deaths per day) is shown
estimates that 1.25% of deaths are reported. In a) and b) the reported daily deaths and infections due te
19 respectively are shown, with the @sated excess deaths for a baseline mortality of 32 deaths per day s
in @) as points. In c) hospital occupancy over time is shown, with the dotted horizontal line showing the |
capacity available. In d) the attack rate in Damascus is showii.glois, the confidence interval represents tl
95% quantile range and a vertical dashed line is shown for 2nd September 2020 when the analysis was c¢
The 4month projection assuming the current level of transmission is shown in each plot.
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4. Alternative epidemic trajectories

The excess mortality recorded between 25th Julyst August provides a small window to analyse the
COVIEL9 epidemic in Damascus. However, there are multiple possible epidemic trajectories that could
yield the number of gcess deaths reported. In Supplementary Figure 7, we explore three alternative
scenarios and their compatibility with the observed data. One of these (Supplementary Figure 7D) is, like
our default scenario, compatible with all the data streams analysatghareported daily deaths, excess
deaths and the timing of the health system reaching capacity. It differs from the default scenario in
assuming that only COVII® deaths occurring in hospitals are reported, with all deaths outside of
hospitals (due to navailable beds) assumed to be unreported. Additionally, it assumes that officially
reported COVIEL9 deaths prior to the 26th June are not linked to the current epidemic. This assumption
is introduced as the last reported death prior to 26th June occu#edays earlier, which is greater than

our assumed time from infection to deafB), suggesting that the current epidemic was seeded by recent
importation events.

With these alternative assumptions, we again predict significant uadeertainment, with the best

fitting model suggesting 3% of deaths occurring in hospitals are reported (Figure 4). This level of under
ascertainment yielded a good agreement with thedaé sources of data that we have been evaluating
against: reported deaths (Figure 4a), excess deaths (Figure 4b) and the timing at which hospital capacity
is reached (Figure 4c). The higher ascertainment predicted in this scenario compared to our original
analysis estimate of 1.25% reflects a plateau in reported deaths when health services are beyond capacity.
Consequently, the proportion of deaths reported will fall sharply when the health system reaches
capacity. Overall, we estimate that 0.28% (95%0QH%- 0.39%) of total COVILO deaths are reported

in this scenario. The resultant epidemic trajectory predicts a significantly larger number of excess deaths
compared to the original analysis, with 21,255 deaths (95% CI: 15,28857) estimated by 2h
September 2020 and an attack rate of 83.7% (95% CI: 78B%06) by the end of 2020 (Supplementary
Figure 8).

The substantial differences in these trajectories reflect both the difficulties in only having 8 days of excess
mortality to characterise th extent of the COVHD9 epidemic in Damascus, and relying on the assumption
that a constant relationship exists between the reported deaths and excess mortality. However, there are
many reasons why this relationship may be more complex than this, suchaaging testing capacity

over time (Supplementary Figure 6) and altered treatmse¢king behaviour in response to reports of
limited hospital bed€38). Given these difficulties, we sought to gain an alternative source of data for
mortality trends in Damascus.
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Figure 4. Alternative epidemic trajectories for Damascu$e besffitting model for the default parameters
shown under the assumption that a fixed proportion of all deaths are reported (gold) and also under the ass
under that only deaths within the health system may be reported (blue). The npddicted a) ascertairu
deaths, b) excess deaths and c) hospital bed occupancy are shown for both epidemic trajectories. In c) th
capacity for Damascus is shown with a dashed horizontal line, with thieeR period in which hospitals we
reported to be first at capaty shown shaded in red.

5. Estimating excess mortality in Damascus from obituary certificates

Traditionally, when individuals die in Damascus, a paper certificate of death is printed and affixed to
household walls in nearby neighbourhoods of the deceased. These certificates include information, such

Fa GKS RIFGS 27F RS ( rlativeR &nd theiconsolagom evénts SeinRil0. Hovenverk Q&  N.
due to internal displacements and a high number of Syrians leaving the country due to recent conflict, a
O2YYdzyAide& YIAYy(dlIAySR CI OS g#)pwas esfabisBed,dvidetelimégesioDtted a 2 NJ
certificates are routinely uploaded in order to inform people about deaths in Batsa Despite the

informality of this process, the observed mortality trends in this alternative data source reveal a consistent
baseline of 300 certificates per month in 2012019 (Figure 5a). By contrast, uploaded certificates rose

to 809 in July and66 in August 2020, with a clear peak at the end of July (Figure 5b).

To obtain an additional view of the epidemic in Damascus, we separately fitted our transmission model
to the certificate data source. We calculated the excess certificate deaths &8y B subtracting the
mean number of certificates uploaded daily in 2022019 for each month from those reported in 2020
(Figure 5c¢). The inferred estimates suggest that excess deaths increased from the beginning of July,
aligning with our previous assuyption introduced in Figure 4. We therefore fitted the model to excess
death certificates from July onwards, assuming that the current epidemic is the result of recent
importation events. Given the uncertainty in the fraction of total COlADdeaths the exess death
certificates represent, we used three approaches when fitting to death certificates. Firstly, we use a similar
approach to when fitting daily reported deaths, in which we identify the ascertainment fraction (here
referring to the proportion of dtal COVIEL9 deaths that are reported in the excess deaths certificates)
that best fits the 8day government reported excess mortality. We also explore a maximum upper and
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lower ascertainment fraction, either assuming that 100% of CQ9lBeaths are capted by the excess

death certificates or that only 27.5% of COMBDdeaths are captured by the certificates, which reflects

the proportion of total alcause mortality in Damascus that was captured by the certificates in2019
(26).

% of Total COVID-19 Deaths Ascertained From Excess Death Certificates:
100% [ 40 I :27.5°%
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Figure 5. Communityploaded death certificates in Damascus and the inferred epidemic trajectdnya) we
daK2g (GKS ydzYoSNJ 2F 20AlGdzZr NBE OSNIATAONGS LK2G2a
a2NIFfAGee CILOSo22( dit202Dm b)yaevanliag disigificartlinkréasde indulf apd- Ak
2020. In c), the inferred excess death certificates are shown, with error bars showing the 95% CI and the
indicating the weekly average excess deaths. In d) model fits to thiicae excess death data (vertical ba
are shown under different assumptions of the proportion of total COMUDJeaths that are ascertained by tt
excess death certificates. In both ¢) and d) the points show the governrrapotted excess deaths betwa 25th
July- 1st August. The predicted hospital occupancy is shown in €), with the hospital capacity for Damascu
with a dashed horizontal line, with thenv2eek period in which hospitals were reported to be first at capa
shown shaded in red. If) the inferred attack rate is shown up to 2nd September 2020. In d), e) and f), bot
50% CIl and 95% ClI are presented with dark and light shading respectively.
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Comparing the bedfitting model to the reported government excess deaths, we estimatetti@mexcess
death certificates represent 40% of the total COXY>deaths (Figure 5d). Using this model, we estimate
2,920 COVI9 deaths (95% CI: 2,4883,460) by 2nd September 2020, which amounts to 2% of GOVID
19 deaths in Damascus being reportedindshe upper (100%) and lower (27.5%) assumed percentage
of total COVIEL9 deaths captured by the death certificate data, we estimate that 1.5% of deaths
since July were reported. The upper estimate, however, is unlikely to be reflective of thiositira
Damascus, with estimated hospital bed occupancy never exceeding capacity as reported at the end of July
(Figure 5e). The lower estimate, by contrast, is close to our defaulifitgsy model in Figure 3, in which
we estimate that 3,820 COVI ceaths (95% CI: 2,8004,800) occurred between 1st July2nd
September 2020, comparable to the estimated 4,200 C&¥l@eaths (95% CI: 3,718,000) made when
assuming that excess death certificates represent 27.5% of the total €O\déaths.

The exess death certificate data provide supporting evidence that the recent decline in transmission
predicted by the default model has indeed occurred in Damascus. However, the decline in excess death
certificates started earlier than the predictions of thefaalt model. With the besfitting model to excess

death certificates, we estimate that hospital beds became available again from approximately the 16th
August 2020 (Figure 5b). The shorter epidemic observed also leads to a lower estimated attack rate by
2nd September (Figure 5c¢). Using the Higtihg model (40% of COWAI® deaths captured by certificates)

we estimate that 22.8% (95% CI: 2125.0%) of the population were infected between 1st July and 2nd
September, whilst the lower estimate of 27.5#0COVIEL9 deaths captured by certificates estimates an
attack rate of 28.0% (95% CI: 26.180.6%). This latter estimate is similar to the 29.3% (95% CI: 23.1%
32.5%) estimated during the same period using the default model.
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6. Discussion

The appagent absence of high levels of mortality in Syria given the extent of transmission occurring
elsewhere in the region is surprising given the ubiquitous nature of transmission of a new pathogen that
was expected and borreut in many other regions of the wigk. Based on reports of adhuse mortality
released from the governorate of Damascus over the period 25th- dslyAugust, we conclude that the
reported COVIEL9 deaths only capture a small proportion of the true number of deaths due to GOVID
19 in thatcity. Despite the estimate of excess mortality only being available for just over a week, we
estimate that 1.25% (sensitivity range 198%6) of deaths from COVI® have been reported in Damascus.

As a consequence, it is likely that the epidemic in Dams&cin a much more advanced stage than the
reported data would suggest, with approximately 40% of the population already infected.

Despite the predicted downwards trajectory of the epidemic there is still need for the reductions in
transmission achieveldy behavioural changes to be maintained. It seems unlikely that any country will
see transmission return to initialpRalues due to the level of COVIDB awareness that people have
compared to the beginning of 202@2). However, if human behaviour towards COXDrelaxes, it
remains possible that transmission would increase witbhamascus, despite the high attack rates we
estimate have occurred thus far. Assuming that the reproduction number in the absence of immunity
increased from our estimate of 1.48 to 2.0, approximately equal to our estimate afMeek after the

first govermiment intervention in Syria (Supplementary Figure 3), current declines in transmission could be
reversed (Supplementary Figure 4). Under this scenario, we predict that the death rate due teX®0VID
will not surpass its previous peak, but the demand forfiias level health interventions will continue to
exceed capacity until the beginning of October. This would likely have significant secondary impacts on
overall mortality in Damascus. One such impact would be the continued toll on medical personnel who
have been reported to have been heavily affected by the epidemic, with reports of at least 60 Syrian
doctors, mostly in Damascus, dying from CGMby 18th August 202(43). High levels of healthcare
worker infection and mortality would likely further decrease the capacity to effectively treat GC®/ID
patients, which are already stretched 8yria, with a UN report dated 6th March 2020 stating that up to
70% of health workers had left Syria as migrants or refugees or been killed during the ¢flict

We have only been able to gain an insight into the situation in Damascus due to the publication of
mortality data from Damascus by the governorate on 2nd August for the predalays. This approach
relies on a reliable estimate of baseline mortality, which were sourced from previous annual mortality
estimates. However, there are undoubtedly indirect effects that CE&l@Iplaces on healthcare systems,
which are hard to quantyf but are widely expected to increase-edluse mortality(45). However, even

when we daibled our baseline (non COVID) mortality assumption, we still estimate considerable
under-ascertainment of COVAD9 deaths, with a maximum of 3% of such deaths being reported. Another
assumption was our use of agératified infection fatality ratios tleen from Verity et a{40), which were
derived from Chinese data very early in the pamie and therefore assume a standard of healthcare
comparable to that available in China. We explored in our sensitivity analysis this assumption and
introduced scenarios in which poorer health outcomes occurred, e.g. due to insufficient oxygen provision.
This did not change the inferred level of death undecertainment, but does lead to lower estimated
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cumulative attack rates to date (Supplementary Figure 5). Given that 8% of functional public hospitals
lacked oxygen suppo(ti6) it is likely that the default parameter estimate of attack rates of 39.0% is an
upper estimate, and the true value likely exists between this estimate and the estimate of 30.0% (95% CI:
24.9%- 34.3%) that we obtained assuming poorer health outcomes. Wewea lower attack rate will

mean that if transmission increases in the future due to increasing contact rates in the population, firm
interventions in Damascus will need to be introduced to prevent a substantial second wave of infection.
Central to thigs an urgent need for testing to be increased, with only 18,238 CO¥tBsts conducted

in Damascus as of 10th August 2020 (Supplementary Figure 6).

In our approach we rely on the assumption that mortality unrdscertainment is both constant over time

and sufficient to relate reported daily deaths to excess mortality. However, we have acknowledged that
this assumption may not be accurate, which in combination with relying only on 8 days of excess mortality
data makes it impossible to be confident in tehape of the epidemic. For example, in Figure 4 we
demonstrated how an unmitigated epidemic leading to 80% attack rates could explain the official
reported data equally well if we assume that deaths are only reported for people who die in hospitals.
The dsence of consistent, reliable estimates of excess mortality is not unique to Damascus and as such
alternative data sources are likely to be needed in many settings to understand how widespread COVID
19 may be. In this study, we also leveraged commumitpaded death certificates, demonstrating the
benefit gained from this additional perspective of the epidemic in Damascus. Viewed together with
reported excess mortality, they provide a consistent picture of a much higher level of mortality and a more
mature epidemic than official data would suggest. The precise size of that epidemic, however, is uncertain
and is affected by our assumptions about how accurately the death certificates reflect all cause mortality
in Damascus. The consistent trends in mortgitipr to 2020 lead us to believe that this data source is
very useful, yet still likely to be subject to changing biases over time, in particular during the pandemic.
For example, more death certificates than normal may be uploaded with individuals cexdcérat
individuals will be less likely to read the affixed obituary notices in person due to fears of the spread of
COVIEL9. Alternatively, the certificates may continue to capture the same percentage (27.5%) of all
cause mortality as they did in 2022019. If this is the case, it would suggest that the reported excess
deaths between 25th Julylst August underestimate total COV1D deaths during this period.

The analysis presented here was only possible because the Damascus governorate office published
mortality data at a key time in the Damascus epidemic. Although this was only 8 days of data, the epidemic
trajectory after these dates aligns with a plateauinghe reported COVH29 deaths in Damascus after

2nd August. Further support for a decline in the epidemic is suggested by changes in coruplagited

obituary certificates to Facebook from August onwards. However, during this time a notable rise in
reported cases and deaths was observed in other governorates of Syria. This could signal large epidemics
becoming visible outside Damascus, a pattern which has been observed across many other ddiiptries
Alternatively, increases in testing capacity could mean that each governorate is at an earlier point in their
epidemic compared to Damasedor the same number of deatlf23), with epidemics being seeded by
Damascus when integovernorate travel bans were lifted. Neither hypothesis can be explored effectively
without a more reliable data source on mortality. While the level of urarertainment across Syria may

be similar to that in Damascus, this seems unlikely given therbgéneity in health infrastructure and
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testing resources. This need for more reliable and regular data streams for measuring mortality, and for
government transparency in publishing available data, is equally pressing for mangridwniddle
income counties and conflict affected settings. However, in the absence of such data, alternative data
sources will have to be leveraged in order to characterise the dynamics of @9Vfibnany parts of the
world. Our analysis provides one example of the level dh dhat must be included if we are to
understand the extent to which the COVIB pandemic may have occurred unobserved to date in much

of the world.
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