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ABSTRACT

Background: Systolic heart failure (HF) is a low-grade systemic inflammatory state. Neutrophil-lympho-
cyte ratio (NLR) is a nonspecific inflammatory marker with prognostic value in HF. We aimed to determine
the relationship between NLR and mortality during left ventricular assist device (LVAD) support.
Methods and Results: We retrospectively reviewed LVAD recipients implanted in the years 2010—2018.
NLR was recorded before LVAD implantation and at intervals during LVAD support; pre-LVAD and
90-day LVAD NLRs were compared. Cox proportional hazard models were constructed to study the impact
of NLR, both before LVAD implantation and at 90 days with LVAD, on mortality during subsequent
LVAD support. Among 301 subjects, the median pre-LVAD NLR was 4.7 (interquartile range 3.0—8.0).
Higher pre-LVAD NLR was independently associated with increased mortality during a median 324 days
of LVAD support (adjusted hazard ratio [HR] 1.03, 95% confidence interval [CI] 1.01—-1.06; P =.012,
adjusted for pre-LVAD age, HF etiology, white blood count, hemoglobin, blood urea nitrogen, and
sodium). After LVAD implantation, the NLR rose initially and then plateaued lower by day 90. Despite the
mean decrease, higher 90-day LVAD NLR remained independently associated with increased mortality
(adjusted HR 1.06, 95% CI 1.01—1.13; P =.033, stratified by early infection events).

Conclusions: Higher pre-LVAD NLR is independently associated with mortality during LVAD support.
NLR improves during LVAD support, but even accounting for early infections, a higher NLR at day 90

remains associated with subsequent mortality. (J Cardiac Fail 2019;25:188—194)
Key Words: Heart Failure, ventricular assist device, inflammation, leucocytes.

Systolic heart failure (HF) is a low-grade systemic
inflammatory state. Inflammation has been implicated in
the progression of HF and is associated with myocardial
remodeling, hypertrophy, and poorer HF outcomes.’ The
ratio between peripheral neutrophils and lymphocytes can
be altered by inflammation, resulting in an elevated neutro-
phil-lymphocyte ratio (NLR). The NLR has become
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established as an inexpensive and accessible nonspecific
biomarker of low-grade systemic inflammation, showing
prognostic utility in several cardiac settings, including after
acute coronary syndromes,” after coronary artery bypass
grafting,” after cardiac resynchronization therapy,’ in
acutely decompensated HF,” and in patients with advanced
systolic HF.” NLR also has additive value to the Framing-
ham risk score for prediction of coronary heart disease
deaths,” and value in differentiating between pulmonary
infection and HF as a cause of dyspnea.®

Patients with the most advanced systolic HF may proceed
to left ventricular assist device (LVAD) implantation to
improve symptoms and survival. There are preliminary data
indicating that higher NLR remains prognostic in this popu-
lation, with logistic regression showing a significant associ-
ation between NLR and post-LVAD mortality or right-side
heart failure.” We sought to determine whether NLR is
independently associated with mortality during LVAD sup-
port, whether NLR improves after LVAD implantation, and
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whether the NLR at 90 days after LVAD implantation
remains associated with mortality.

Methods
Study Cohort

The cohort was retrospectively assembled from all conse-
cutive adults who underwent continuous-flow LVAD
implantation (Heartmate II, Heartmate III, or Heartware
HVAD), with or without additional right ventricular sup-
port, at a single tertiary academic medical center (Tufts
Medical Center, Boston) from January 1, 2010, to July 19,
2018. Patients were eligible for cohort inclusion only once,
at the time of their first LVAD implantation; for patients
who received more than 1 device because of LVAD
exchange, the complete period of implantation of all
LVADs was counted as the total duration of LVAD support.
The Institutional Review Board at Tufts Medical Center
approved the study, and requirement for written patient
consents was waived owing to its retrospective nature.

Covariates and Outcomes

Patient demographics and clinical data were obtained
from the electronic medical record. The period of review
extended to the date of death, heart transplantation, transfer
of care to another VAD center, or end of follow-up at July
20, 2018. The white blood cell count (WBC), absolute neu-
trophil and lymphocyte counts, platelets, and hemoglobin
were recorded before LVAD implantation (last set of blood
tests before surgery, typically hours before implantation)
and at 14, 30, 60, 90, 120, 150, 180, and 365 days of LVAD
support (+14 days of each time point). Additional labora-
tory parameters, including creatinine, blood urea nitrogen
(BUN) and sodium, were collected for risk adjustment,
both at the pre-LVAD time point and at 90 days of LVAD
support. Related abnormalities of systemic metabolism
have shown recovery at around 90 days after LVAD
implantation,'” and therefore 90 days was pre-specified as
the intended time point for pre/post LVAD comparisons.

Statistical Analyses

The cohort was initially divided at the median pre-LVAD
NLR; demographics and clinical data were compared
between groups for patients with higher versus lower NLR
by means of unpaired ¢ tests and Fisher exact tests, as appro-
priate. The change in NLR over time from LVAD implanta-
tion to 365 days of LVAD support was displayed as a line
graph. The significance of changes in NLR between pre-
LVAD and subsequent intervals of LVAD support were
assessed by means of paired ¢ tests and confirmed with Wil-
coxon signed-rank tests owing to the skewed NLR distribu-
tions. The cohort was further divided by quartiles of pre-
LVAD NLR and a bar chart constructed to illustrate clinical
outcomes at the end of follow-up by NLR quartile.

A Kaplan-Meier plot was constructed to display mortal-
ity during LVAD support by quartile of pre-LVAD NLR,

with log-rank testing for significance, censored on cardiac
transplantation or end of follow-up. Unadjusted and
adjusted Cox proportional hazards models were constructed
to examine the impact of pre-LVAD NLR as a continuous
variable on mortality during LVAD support, again censored
on cardiac transplantation or end of follow-up. A cubic
spline function curve was constructed, with the population
mean NLR (2.15) as the reference point, to illustrate the
relationship between pre-LVAD NLR and the unadjusted
mortality hazard. The impact of pre-LVAD WBC, neutro-
phils, and lymphocytes on survival during LVAD support
were also separately analyzed.

Adjusted Cox models were constructed accounting for
potential confounders that were imbalanced in the univari-
ate screen of high versus low NLR groups, including WBC
to negate the impact of leukocytosis as well as age, ische-
mic HF etiology, hemoglobin, sodium and BUN, which
was more strongly associated with mortality than creatinine
in this cohort and the only candidate covariate to be
selected by means of a stepwise selection model. Albumin
was lower in the high NLR group but was not available on
all subjects and therefore was not included in the final mod-
els. We also compared the strength of the pre-LVAD NLR
for survival prediction with the established prognostic
Heartmate II Risk Score (HMRS) that incorporates patient
age, creatinine, albumin, and international normalized ratio
(INR).'' The predictive performance of NLR versus HMRS
was compared with the use of 2 methods, a receiver operat-
ing characteristic (ROC) curve within a logistic regression
model for the binary outcome of mortality during LVAD
support and the C-statistic macro within a Cox proportional
hazards model as authored by Mithat Gonen for SAS.

A second set of unadjusted and adjusted Cox proportional
hazards models was constructed to study the impact of NLR
at 90 days on subsequent mortality during LVAD support,
with the at-risk period starting on day 90 after LVAD
implantation. The covariates selected for adjustment mir-
rored those used for the pre-LVAD model, but the 90-day
values for WBC, hemoglobin, BUN, and sodium were used
instead of pre-LVAD values. In addition to adjusting for
the 90-day WBC, this model was stratified by the occur-
rence of infection, either device related or unrelated, per
Interagency Registry for Mechanically Assisted Circulatory
Support INTERMACS) criteria, in the first 105 days of
LVAD support. These measures ensured that any relation-
ship between elevated 90-day (£14 days) NLR and subse-
quent mortality was not attributable to infection.

Movements between quartiles for pre-LVAD and 90-day
NLR were tabulated. The relationship between 90-day NLR
and lactate dehydrogenase (LDH) was examined with the
use of a Pearson correlation coefficient to determine
whether inflammatory activation during LVAD support was
related to the degree of mechanical hemolysis. Statistical
assumptions were assessed for all Cox models, including
linearity of the age variable. Additional unadjusted and
adjusted Cox model versions were constructed with the use
of log-transformed NLR for both the pre-LVAD and 90-day
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time points, to ensure consistency of the results given the
skewed NLR distribution. The proportional hazards
assumption was tested with the use of the Martingale resid-
uals method, and no covariates significantly violated the
proportional hazards assumption. Analyses were performed
with the use of SAS Enterprise Guide version 7.1 (SAS
Institute, Cary, North Carolina), and P values <.05 were
considered to be significant. Kaplan-Meier and bar charts
were constructed with the use of Prism 7.0 for Mac (Graph-
pad Software, La Jolla, California).

Results

Three hundred four patients received an LVAD during
the study period. Of these, 301 had baseline NLR data, with
a median pre-LVAD NLR of 4.7 (quartile 1-quartile 3,
3.0—8.0) and mean (£ standard deviation) of 6.7 £+ 6.5
(Fig. 1). Patients with higher NLR (>4.7) had higher-risk
pre-LVAD characteristics, including higher WBC, BUN,
and HMRS, as well as lower hemoglobin and sodium com-
pared with patients with lower NLR (NLR <4.7; Table 1).
There were 145 transplants and 92 deaths during follow-up,
with 64 patients surviving on LVAD support until the end
of follow-up or transfer to another center. The median dura-
tion of LVAD support was of 324 days (interquartile range
131-696 days; n=301). The crude mortality during LVAD
support was 36% of patients with a higher pre-LVAD NLR
versus 25% with a lower NLR (P =.046), with the excess
mortalities concentrated within quartile 4 of pre-LVAD
NLR (NLR >8.0; Figs. 2 and 3).

Higher pre-LVAD NLR was significantly associated with
increased mortality during LVAD support in the unadjusted
analysis (hazard ratio [HR] 1.04, 95% confidence interval
[CI] 1.01—1.06, per 1 unit of NLR; P=.001; n=301 with
92 mortality events; Fig. 4). The model for pre-LVAD NLR
expressed as quartiles demonstrated HR 1.22 (95% CI
1.01-1.47; P=.039), although as illustrated in Fig. 3, the
favorable survival for patients in quartile 1 of pre-LVAD
NLR compared with quartile 4 appears most evident during
the first year of LVAD support. Higher pre-LVAD NLR
expressed as a continuous variable remained independently
associated with mortality after adjustment for pre-LVAD
age, ischemic HF etiology, WBC, hemoglobin, BUN, and
sodium (HR 1.03, 95% CI 1.01-1.06; P =.012; Table 2).
Pre-LVAD WBC and absolute neutrophil count were not
significantly associated with mortality during LVAD sup-
port. Lower absolute lymphocyte count was associated with
mortality in the unadjusted models (HR 0.69, 95% CI
0.49—-0.97; P=.032) but lost significance in the adjusted
model (HR 0.74, 95% CI 0.53—1.04; P=.078). The pre-
LVAD NLR performed favorably compared with the
HMRS for predicting mortality during LVAD support
within a time-to-event model, as shown by the C-statistic of
0.632 versus 0.588, respectively, for 260 subjects with all
available data for pre-LVAD HMRS calculation (Table 3).
The pre-LVAD NLR was not significantly associated with
future infections (device related or unrelated) during
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Fig. 1. Neutrophil-lymphocyte ratio (NLR) histograms and trend
during left ventricular assist device (LVAD) support. (A) Mean
NLRs with error bars displayed from LVAD implantation (day 0)
and at intervals through to 365 days of LVAD support. Mean NLR
initially rose after LVAD implantation and then reached a signifi-
cantly lower plateau value by 90 days. NLR distribution (B) before
LVAD implantation and (C) 90 days after LVAD implantation.

LVAD support. Both unadjusted and adjusted pre-LVAD
NLR models yielded the same findings when log NLR was
used in place of NLR: unadjusted HR 1.51, 95%
CI 1.15-199 (P=.003); adjusted HR 1.43, 95%
CI 1.03—1.99 (P =.032).
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Table 1. Baseline Characteristics

Full Cohort With Low NLR High NLR P Value, High
Pre-LVAD Variable Pre-LVAD NLR (n=301) (n=151) (n=150) vs Low NLR
Age (y) 56 £ 12 55+ 12 57+ 12 181
BMI (kg/m?) 275+£56 275+£58 275+£53 950
Female 62 (21%) 34 (23%) 28 (19%) 477
White race 237 (719%) 117 (77%) 120 (80%) .673
Diabetes 128 (43%) 64 (42%) 64 (43%) 1.000
Ischemic HF etiology 116 (39%) 54 (36%) 62 (41%) .345
Heartmate 1T 123 (41%) 53 (35%) 70 (47%) .047
Heartmate IIT 8 (3%) 5 (3%) 3 (2%) 723
Heartware HVAD 170 (56%) 93 (62%) 77 (51%) .082
Bridge to transplantation 182 (60%) 94 (62%) 88 (59%) 557
Lipid-lowering therapy 185 (61%) 92 (61%) 93 (62%) .906
White blood cell count (10%/L) 9.4 +3.7 79+£29 109 + 3.8 <.001
Hemoglobin (g/dL) 11.1 £2.0 113£1.8 10.7 £2.2 015
Platelet count (10°/L) 196 £ 81 202 £78 190 + 84 213
Absolute neutrophil count (10°/L) 6.7+ 3.1 5.0+2.1 8.5+29 <.001
Absolute lymphocyte count (10°/L) 14£0.8 1.8 £ 0.9 1.0£04 <.001
Neutrophil-lymphocyte ratio 6.7£6.5 3.0£09 104 £7.5 <.001
BUN (mg/dL) 31 +£18 27 £ 17 35+ 19 <.001
Creatinine (mg/dL) 1.4+0.7 1.3£0.7 1.5+0.6 .067
Sodium (mEgq/L) 134+ 5 135+4 133+5 <.001
Total cholesterol (n=198) 129 £+ 39 134 £ 40 124 £+ 38 .064
Albumin (n =262) 3.6+0.6 37+0.5 34+0.6 <.001
INR 1.2+0.2 1.2+0.2 1.2+0.2 .183
Heartmate II risk score (n=260) 1.3+0.8 1.24+0.7 1.5+0.8 <.001
Left ventricular ejection fraction (%) 12+5 13£5 12+5 435

Continuous variables presented as mean £ SD; categoric variables presented as n (%). BMI, body mass index; BUN, blood urea nitrogen; HF, heart failure;
INR, international normalized ratio; LVAD, left ventricular assist device; NLR, neutrophil-lymphocyte ratio.

Alive
100+ Transplanted
Died
80+ u
é 60+
G
o 404
20+
0

Q1 NLR (n=75) Q2 NLR (n=76) Q3 NLR (n=74) Q4 NLR (n=76)
Quartile of pre-LVAD NLR

Fig. 2. Crude outcomes during follow-up by quartiles of pre-
LVAD NLR. The proportion of patients who died, underwent
transplantation, or survived to the end of follow-up are displayed
by pre-LVAD NLR quartile. Precise ranges for quartiles of NLR:
Q1 0.44-3.02; Q2 3.03—4.69; Q3 4.70—7.99; Q4 8.00—48.
Abbreviations as in Fig. 1.

After LVAD implantation, the NLR initially rose and then
decreased toward a lower plateau at a median of 3.9 and mean
of 4.9 by day 90 after LVAD implantation (Fig. 1A; pre-
LVAD vs 90-day NLR: P < .001 by both 7 test and Wilcoxon
signed-rank test; n=231 pairs). Of 76 patients with pre-
LVAD NLRs in quartile 4, 14 died before 90 days of support;
those surviving to 90 days had a mean 90-day NLR of 7.3 &
6.8. Only 45% remained in the highest quartile for 90-day
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Fig. 3. Kaplan-Meier curves for survival during LVAD support by
quartile of pre-LVAD NLR, censored on cardiac transplantation or
end of follow-up. Precise ranges for quartiles of NLR: QI
0.44-3.02; Q2 3.03—4.69; Q3 4.70—7.99; Q4 8.00—48. Abbrevia-
tions as in Fig. 1.

NLR, defined as NLR >5.9 (Table 4). There was no correla-
tion between NLR and LDH, a marker of LVAD hemolysis,
at 90 days (Pearson correlation coefficient —0.06; P = .488).
Despite the decrease in NLR over the first 90 days after
LVAD implantation, higher 90-day NLR remained associated
with increased mortality in both unadjusted (HR 1.11, 95% CI
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Fig. 4. Spline function curve for the relationship between pre-LVAD NLR and the unadjusted mortality hazard. The mortality hazard is rep-

resented for pre-LVAD NLR as a continuous variable. Abbreviations as in Fig. 1.

Table 2. Multivariable Survival Model for Pre-LVAD

Table 3. Comparison Statistics for NLR and HMRS

Neutrophil-Lymphocyte Ratio (n =301; 92 Events)

Pre-LVAD NLR Pre-LVAD HMRS

Variables Hazard Ratio 95% CI P value Statistic (n=260) (n=260)
Pre-LVAD NLR (per 1 unit) 1.03 1.01-1.06  .012 Area under the ROC curve 0.569 0.664

Age (per 1y) 1.01 0.99-1.03  .399 (logistic regression model)

Ischemic HF etiology 0.92 0.59—-1.45 727 C-Statistic (Cox proportional 0.632 0.588
Pre-LVAD WBC (per 10°/L) 0.99 0.93—1.05 .661 hazards model)

Pre-LVAD hemoglobin (per 1 g/dL) 0.94 0.85-1.04 229

Pre-LVAD BUN (per 1 mg/dL) 1.01 1.00—1.02  .066 HMRS, Heartmate II risk score; ROC, receiver operating characteristic;
Pre-LVAD sodium (per 1 mEq/L) 1.01 0.97-1.05 .653 other abbreviations as in Table 1.

WBC, white blood count; other abbreviations as in Table 1.

1.07—1.16 per 1 unit of NLR; P < .001; n=231 with 53
events) and adjusted (HR 1.06, 95% CI 1.01—1.13; P=.033,
adjusted for age, ischemic HF etiology, WBC, hemoglobin,
BUN, and sodium at 90 days and stratified by early infections;
n=225 with 52 events; Table 5) analyses. The results were
again unchanged when log 90-day NLR was substituted in:
unadjusted HR 2.85, 95% CI 1.84—4.42 (P < .001); adjusted
HR 2.12,95% CI 1.25—-3.61 (P =.005).

Discussion

Mean NLR is elevated before LVAD implantation, sug-
gesting systemic inflammatory activation in patients with
advanced HF. A higher pre-LVAD NLR is independently

associated with increased mortality during LVAD support.
NLR rises further in the early post-implantation phase but
then deceases to a lower plateau by day 90. Elevated NLR
at day 90 after implantation remains independently associ-
ated with mortality during subsequent LVAD support, even
accounting for infection events. Patients with an elevated
NLR before LVAD implantation can experience substantial
improvements in NLR and subsequent mortality risk by
90 days of LVAD support, suggesting that NLR elevation is
not an inherent fixed patient characteristic, but is modifiable
over time with changes in clinical status. This finding
underscores the detrimental effect of ongoing systemic
inflammatory activity related to the underlying HF process
during LVAD support and presents a potentially modifiable
target for future novel interventions.
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Table 4. Reclassification by Quartile of NLR Between Pre-LVAD and 90-Day Time Points (Patients With NLR Values at Both Time
Points, n=231)

After 90 Days of LVAD Support

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Before LVAD Implantation (n=58) (n=56) (n=58) (n=59)
Quartile 1 (n=61) 23 15 16 7
Quartile 2 (n=63) 20 21 11 11
Quartile 3 (n=52) 8 12 16 16
Quartile 4 (n=55) 7 8 15 25

Abbreviations as in Table 1.

Table 5. Multivariable Survival Model for 90-Day Neutrophil-
Lymphocyte Ratio (n =225; 52 Events)

Variable Hazard Ratio 95% CI P value
NLR at 90 days with LVAD 1.06 1.01-1.13  .033
(per 1 unit)
Age (per 1y) 1.01 0.99—-1.04  .347
Ischemic HF etiology 1.09 0.60—-1.99  .770
WBC at 90 days (per 10°/L) 1.05 0.95-1.15 .386
Hemoglobin at 90 days (per 1 g/dL) 0.91 0.77—-1.08 283
BUN at 90 days (per 1 mg/dL) 1.01 0.99-1.03  .357
Sodium at 90 days (per 1 mg/dL) 0.94 0.87—1.02  .142

Stratified by occurrence of any INTERMACS infection event within
first 105 days of LVAD support (134 infection events).

Abbreviations: CI, confidence interval; HF, heart failure; INTERMACS,
Interagency Registry for Mechanically Assisted Circulatory Support; other
abbreviations as in Tables | and 2.

The mean pre-LVAD NLR of 6.7 (median 4.7) in this
cohort was well above the healthy population mean of 2.15"*
and was similar to a cohort of 1212 US patients hospitalized
for acute HF with a median NLR of 5.1.° In comparison,
other ambulatory chronic HF studies have reported median
NLRs of 2.47 and 3.9,%"" suggesting that the LVAD candi-
dates in our cohort had a substantially higher burden of sys-
temic inflammation than less advanced HF cohorts.

Our analyses confirm the prognostic strength of NLR as an
important biomarker in advanced systolic HF, especially
given that it performed favorably when compared within a
time-to-event model with the multicomponent HMRS. This
suggests that inflammation is more closely related to out-
comes during LVAD support than the combination of the
patient’s age, creatinine, albumin, and INR. Our findings
build on the observations of Yost et al who also found a rela-
tionship between pre-LVAD NLR and survival in their sin-
gle-center cohort.” When that group analyzed outcomes by
NLR tertiles, survival was superior in tertile 1 (lowest NLRs)
compared with a combined group of tertiles 2 and 3. Pre-
LVAD NLR was also associated with mortality in their logis-
tic regression model, but no time-to-event analyses were used
and the relationship between NLR after LVAD implantation
and mortality, independently from infectious events, was not
explored. Another publication describing 100 LVAD patients
from the same center indicated that the NLR reduction in the
immediate post-implantation phase is asymptotic, with the
greatest reduction occurring in the first 7 days.'*

The strong performance of the NLR as a risk marker is a
confluence of its 2 components: a higher neutrophil count
and a lower lymphocyte count both contribute toward the
score, with the resulting ratio being more strongly associ-
ated with mortality than either individual component, as
shown in the present analyses. Activated neutrophils medi-
ate the inflammatory response by means of numerous bio-
chemical mechanisms, which include the release of reactive
oxygen species, myeloperoxidase, and proteolytic enzymes
that are responsible for tissue injury. In contrast, lympho-
cytes represent the regulatory pathway of the immune sys-
tem, with inflammatory activation reportedly promoting
lymphocyte apoptosis.'” Reduced lymphocyte counts have
been reported after acute myocardial infarction and have
prognostic implications in both coronary artery disease and
systolic HF, hence their inclusion in the Seattle Heart Fail-
ure Model.'®!”

The performance of NLR as a prognostic marker raises
the possibility that therapies to reduce systemic inflamma-
tion may have a role in the management of advanced sys-
tolic HF. Despite the substantial improvements in mortality
offered by LVAD support for patients with end-stage HF,
the burden of adverse events and mortality during LVAD
support remains significant: 16% of this cohort died within
the first 6 months of LVAD support. Clinical trials of antiin-
flammatory therapies have been unsuccessful in systolic
HF, including infliximab and etanercept.'® >’ However,
there may be value in assessing the impact of interventions,
such as less invasive surgical device implantation strategies
or the reintroduction of neurohumoral HF therapies after
LVAD implantation, on the inflammatory state during the
early phase of LVAD support, to determine whether modu-
lation of systemic inflammation has any causative role
toward adverse outcomes during subsequent support.

Study Limitations

These analyses represent the experiences of a single
advanced HF center and may not reflect all LVAD recipi-
ents: further prospective multicenter analyses are required
to externally validate the prognostic utility of the NLR in
LVAD patients. Although the impact of NLR was statisti-
cally significant at the preimplantation and 90-day time
points, the magnitude of clinical effect of this single
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contributor toward LVAD survival was modest, with a 4%
increase in mortality hazard per 1-unit pre-LVAD NLR rise
in the unadjusted model. However, the magnitude of effect
was at least equivalent to other recognized mortality risk
factors in LVAD populations. Half of the mortality events
occurred within the first 90 days after LVAD implantation
and therefore our analysis of the relationship between 90-
day NLR and subsequent outcomes was more limited statis-
tically. C-Reactive protein is not routinely collected at our
center before LVAD implantation and therefore was not
available for comparison with NLR.

Conclusion

Higher NLR before LVAD implantation is a simple and
easily obtained inflammatory biomarker that is indepen-
dently associated with increased mortality during LVAD
support. NLR improves during early LVAD support, but a
higher NLR at day 90 remains independently associated
with subsequent mortality, even when accounting for early
infectious events.
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