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Abstract

A high incidence of lymphopenia has been reported in Covid-19 patients. The initial neutrophil-to-lymphocyte ratio
(NLR) of > 3.13 in Covid-19 patients predicts a high propensity of these patients to progress to critical illness. However,
it has not yet been established if NLR would start to lower towards a normal ratio of 1-3 during patient’s road to
recovery. This study hypothesized that NLR would start to return towards normal as patients recovered from this illness.
This study included 43 patients with Covid-19 infection treated in the ICU at Khoula Hospital, Muscat from 10" May to
5™ August 2020. Seven readings of NLR (NLR1 to NLR7) from the time of going on ventilator (NLR1) to discharge of
patient (NLR7) from the ICU were statistically analyzed using paired ‘t’ test for patients who recovered or those who
died. NLR values demonstrated a progressive fall in patients who recovered when comparison was made between NLR1
with other readings (NLR2 to NLR7). On the contrary, insignificant changes in NLR values were observed when
comparison was made between NLR1 with subsequent day’s readings in patients who died while in ICU. In conclusion,
this study suggests that the NLR of patients who survived showed a downward trend from its initial high values. In
contrast, patients who died while in the ICU, NLR values showed little change from their basal value.
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We hypothesized that NLR would start to
reduce as lymphocyte numbers start to rise during the
recovery phase of Covid-19 illness and hence could be
a potential predictor of a healthy recovery. To test this
hypothesis, we included 43 consecutive patients with
documented Covid-19 positivity who were critically ill
and admitted to our intensive care unit for ventilatory
management from 10" May to August 9th 2020.

INTRODUCTION

Coronavirus is a member of a large virus
family. They are responsible for common cold and
other serious illnesses, such as the Middle East
respiratory syndrome and severe acute respiratory
syndrome [1-4].

Lymphopenia is frequently encountered during

these viral infections [5, 6]. Most recently, in 2019 we METHODOLOGY

have had the coronavirus disease (COVID-19) that has
been the cause of unexplained viral pneumonia
resulting in mild to critical illness [7]. A high incidence
of lymphopenia has been reported in COVID-19
patients by Huang and his colleagues [8]. Later in the
same year, Liu et al., [9] reported that the initial
neutrophil-to-lymphocyte ratio (NLR) of > 3.13 in
patients who were > 50 years was predictive of high
propensity of these patients to progress to critical
illness. However, they did not follow-up NLR ratio to
observe whether this would start to lower towards a
normal ratio of 1-3 [10, 11] during their road to
recovery from Covid-19 infection.

This was a prospective single-center study,
which included 43 patients with COVID-19 infection
treated in the ICU at Khoula Hospital, Muscat from 10"
May to 5t August 2020. Permission to retrieve patient’s
data for analysis and reporting was obtained from
Departmental Management Board. All 43 patients were
shifted to our ICU after meeting the following criteria:
confirmation of COVID-19 as per polymerase chain
reaction test of respiratory or blood samples that was
positive for the nucleic acid of COVID-19. In addition,
they had more than one clinical features such as fever
and/or respiratory distress with respiratory rate > 30
beats/min; mean oxygen saturation < 92% while
receiving >5 L/min O2; hypotension not responding to
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initial fluid bolus or requiring vasopressors; arterial
blood oxygen partial pressure/oxygen concentration <
300 mmHg, acidosis with a pH <7.3 or PCO2 >50
mmHg, evidence of acute end organ involvement and/or
patients with rapidly progressive respiratory failure.

All patients were transferred after intubation
from referring hospital or were intubated in our ICU on
admission and put on appropriate mode of mechanical
ventilatory support. After admission, the patients were
closely monitored for laboratory indices and imaging
analysis. Patients’ treatment modality and outcome
events were recorded. Complete blood cell count was
assessed almost every alternate day from which we
calculated the NLR. The attending intensivist was free
to adopt any appropriate treatment modality including
use of antiviral, antibiotic and steroids. If the treating
intensivist ~ decided to  start  corticosteroids,
methylprednisolone 40 mg every 12 hr for 5-7 days was
administered. However, a few patients received
dexamethasone in place of methylprednisolone while
few received none.

None of the patients received plasma therapy
while in ICU at Khoula Hospital though a few had
received it before being shifted to our institution from
feeding hospitals. The endpoint of this study was
successful tracheal extubation, discontinuation of any
form of ventilatory support and discharge of the patient
to the ward/ referring institution or death of the patient
while still on ventilatory support.

Since the duration of patient’s ventilatory and
ICU management ranged from 5 days to over 2 month,
we have presented NLR in Table-2 and other tables as
follows: NLR1 value on the first day of ventilatory
support, thereafter two initial readings on alternate day
(NLR2 and NLR3), a middle reading of stay in ICU
(NLR4), two readings just prior to tracheal extubation
(NLR5 and NLR6) and one reading on the day of
discharge to the ward (NLR7). We could not continue
to monitor NLR of these patients after discharge from
our ICU as several of them were directly transferred to
their parent referring hospital. We could therefore
assess the progress of NLR only till these patients were

discharged from our ICU by analyzing these seven
readings.

STATISTICAL ANALYSIS

Paired ‘t” test was used for statistical analysis
in Table 2 data. P< 0.05 has been taken as statistically
significant finding for this study. Analyses were
performed using SPSS 22.0 statistical package (SPSS,
Inc., Chicago, IL, USA).

RESULTS

The mean age of patients who recovered and
were discharged from ICU was nearly identical to those
who died while in ICU. In addition, no difference was
noted in recovery rate of male and female patients in
our ICU (Table-1).

When the NLR1 value was compared with
NLR2 to NLR7 in all 43 patients, a gradual reduction in
its value was clearly evident. This reduction reached
level of significance (p = 0.05 or less) from NLR4
onwards (Table-2).

Table-2 also showed that NLR values
demonstrated a progressive fall in patients who
recovered when comparison was made between NLR1
with other readings (NLR2 to NLR7). This difference
became especially significant when NLR1 was
compared to NLR3 to NLR7. This finding denotes that
there is an improvement in lymphocyte numbers in
patients who survive.

Table-2 further goes on to show that there
were insignificant changes in NLR values when
comparison was made between NLR1 with subsequent
day’s readings in patients who died while in ICU. This
finding denotes that there is poor improvement in
lymphocyte numbers in patients who died during their
stay in the ICU.

The mortality rate in our ICU for Covid-19
patients was 27.9% (Table-3). These patients spent
shorter period in the ICU (12.67 days) as compared to
those who survived (17.58 days)

Table-1: Showing demographic data of Covid-19 patients in ICU at Khoula Hospital

Mean age of Sex ratio of all 43 | Mean age of Mean age of Number of male | Number of
all 43 patients | patients Numbers | patients who patients who died | patients female patients
(yr) Mean + (%) recovered in ICU | while in ICU discharged from | discharged from
Sb M (%): F (%) (Yr) Mean £ SD | (Yr) Mean+SD | ICU: No. % ICU: No. %
53.79+15.68 | 34(79.1):9(20.9) | 54.0 £14.02 53.25 +20.0 24/34:70.6 7/9:77.7
+ SD = Standard Deviation, yr= year, No.= Number of patients
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Table-2: Neutrophil/Lymphocyte Ratio of all patients who were admitted to the ICU according to their recovery
or death in the ICU

All Patients Discharged Deaths

Mean £SD | *P-Value | Mean £SD | *P-Value | Mean +SD | *P-Value
NLR1 | 16.11+12.52 | --- 17.0+14.1 | -- 13.947.7 -
NLR?2 | 12.95+7.69 | 0.05 12.947.9 0.06 13.0+7.4 0.64
NLR 3 | 10.85+6.41 | 0.01 9.545.8 0.004 13.846.9 0.95
NLR 4 | 11.14+10.83 | 0.05 9.148.0 0.009 16.7+15.4 | 0.75
NLR5 | 10.36+12.09 | 0.03 7.7+4.6 0.001 18.1+21.8 | 0.71
NLR 6 | 6.66+4.05 <0.001 5.6+2.3 <0.001 11.146.5 0.13
NLR 7 | 6.2945.18 <0.001 5.1+2.7 <0.001 12.449.6 0.51

NLR= Neutrophil/ Lymphocyte ratio, + SD = Standard Deviation. *P-Values are for paired comparisons of baseline NLR
on day 1 with subsequent values.

Table-3: Showing final outcome of the 43 Covid-19 patients
Patients Group No. of patients (%) | Days in ICU Mean (+SD)
Discharged from ICU | 31 (72.09) 17.58 (11.37)

Died in ICU 12 (27.9) 12.67 (5.61)
No.= Number

DISCUSSION

Lymphopenia at the time of admission to the
hospital has been a prominent feature in patients who
suffered from H5N1 infection resulting in severe or
fatal outcome. In addition, lymphopenia has also been a
hallmark of severe H7N9 influenza virus infection
[12]. We too noted marked lymphopenia in all our
Covid-19 patients who were admitted to the ICU.

A number of mechanisms have been put
forward to explain the cause of lymphopenia in patients
with moderate to severe viral infection. First, an
increased cytokine level is the host immune response to
severe coronavirus infection. Studies have confirmed
that this increased proinflammatory cytokines play a
critical role in the induction of lymphopenia
[13]. Second, Panesar observed that the most probable
cause of lymphopenia in viral infection is the high level
of glucocorticoids [14]. This has been confirmed by
noting a higher cortisol levels in SARS patients with
lymphopenia [15]. This higher quantity of endogenous
corticosteroids released into the blood circulation
impacts the lymphocytes, causing migration of T
lymphocytes out of the peripheral circulation [16] and
apoptosis [17] thereby resulting in lymphopenia. Lastly,
it has been recently reported that COVID-19 virus may
damage the T lymphocytes directly as well. This may
play an important role in lowering lymphocyte count in
addition to the role played by endo- or exogenous
steroids. A low lymphocyte count is an important factor
that causes deterioration of the patient’s condition [18].

Liu et al., used NLR for early prognosis of the
course of the Covid 19 disease and thereby help reduce
mortality and alleviate the shortage of medical
resources [9]. We decided to take it one step forward
and analyzed NLR during the recovery or fatality stage
of their illness in our ICU as an indicator of the
progress of Covid 19 disease.

We hypothesized that repletion of lymphocytes
could be one of the key factors to recovery from
COVID-19 and hence a falling NLR would be
harbinger of recovery from illness. This study proved
our hypothesis to be true. We noted that the NLR
gradually reduced in those patients who recovered in
contrast to minimal changes in NLR in patients who
succumbed to this disease. This finding would be of
some help in counseling the patient and their relatives
on the possible outcome of patient’s management.

There are several other factors that may
influence the Covid 19 outcome, other than NLR. These
include smoking, diabetes, hypertension and COPD
[19]. These may not have influenced the results in the
present study because of the low number of subjects
with comorbidities. We had a total of only ten patients
with associated comorbidities.

Other than smoking and associated comorbid
medical conditions that influence patient outcome,
treatment with glucocorticoids is known to complicate
the issue regarding lymphopenia in SARS patients.
Most of these SARS patients were empirically treated
with a combination of antibacterial, antiviral and supra-
physiological doses of glucocorticoids [20, 21]. It has
been reported that whilst the SARS patients who had
not received exogenous glucocorticoids exhibited mild
to moderate lymphopenia, the lymphocyte count
decreased further in patients who were given
steroids [22]. This certainly suggests glucocorticoids
had a role in the development of lymphopenia. The
lymphopenia in the former group may just have been a
prognostic factor of the stress response, involving the
hypothalamic—pituitary—adrenal (HPA) axis [23]. An
intact HPA axis is capable of secreting 225-440 mg of
cortisol under extreme stress, and achieving blood
levels in the range 830-7220 nmol/L [24]. As per our
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hospital’s ICU policy, steroids were administered to all
except 4 (9.30%) of our patients for a period of 5-7
days. We could not study its role on lymphopenia in the
absence of a control group.

There were some limitations in this study.

First, we performed this study in low number of
subjects. Second, we could not follow the patient’s
progress beyond their stay in our ICU as many had to
be discharged directly to their referring institutions and
hence the study could not include data of the final
survival outcome of patients. Lastly, the management
strategy of the patient was not standardized.

In conclusion, our study suggests that the NLR

of patients who survived showed a downward trend
from its initial high values. In contrast, patients who
died while in the ICU, NLR values showed little change
from their basal value.
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