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Abstract

Background

Peru is the country with the world’s highest COVID-19 death rate per capita. Characteristics

associated with increased mortality among adult patients with COVID-19 pneumonia in this

setting are not well described.

Methods

Retrospective, single-center cohort study including 1537 adult patients hospitalized with a

diagnosis of SARS-CoV-2 pneumonia between May 2020 and August 2020 at a national

hospital in Lima, Peru. The primary outcome measure was in-hospital mortality.

Results

In-hospital mortality was 49.71%. The mean age was 60 ± 14.25 years, and 68.38% were

males. We found an association between mortality and inflammatory markers, mainly leuko-

cytes, D-dimer, lactate dehydrogenase, C-reactive protein and ferritin. A multivariate model

adjusted for age, hypertension, diabetes mellitus, and corticosteroid use demonstrated that

in-hospital mortality was associated with greater age (RR: 2.01, 95%CI: 1.59–2.52) and a

higher level of oxygen requirement (RR: 2.77, 95%CI: 2.13–3.62). Conclusions: In-hospital

mortality among COVID-19 patients in Peru is high and is associated with greater age and

higher oxygen requirements.

Introduction

After the emergence of severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2)

infection in Wuhan, China, the disease rapidly spread across other countries [1] leading to the
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declaration of a novel coronavirus disease (COVID-19) pandemic by the World Health Orga-

nization on January 11, 2020 [2]. To date, during the remission phase of the second wave of

infection in Peru, there were 2,007,477 confirmed cases and 189,261 deaths, presenting the

world’s highest death rate per capita [3–5], see S1 Graph and S1 Table.

Several studies have demonstrated that age, obesity, diabetes mellitus, hypertension, and

kidney disease are risk factors associated with the development of severe complications by

SARS-CoV2 [6–8]. There is also evidence of its association with certain laboratory findings

that are comprised in severity risk scores [9–11]. Furthermore, the association between mortal-

ity and low oxygen saturation is another finding that has been well documented elsewhere and

demonstrated in our population [12].

These findings can be explained by delayed access to health care that is reflected in severe

disease cases. This delay is largely the result of deficiencies in our primary care system, the lack

of molecular tests and their replacement by non-reliable serological tests, self-medication and

home management due to the overload of health care capacity, and the shortage of intensive

care unit (ICU) beds for providing advanced support [13–15].

To date, COVID-19 is still a highly fatal health care concern given its high transmissibility,

delayed vaccine implementation, and the social-sanitary problems existing in our country

[12,16], and the disease remains challenging due to the possibility of consecutive waves of

infection in the future. Hence, the identification of the risk factors for developing severe dis-

ease has a key role in controlling the infection, in health education for the general population,

and in the implementation of public health measures.

The aim of this study was to determine the characteristics associated with high mortality in

adult patients diagnosed with SARS-CoV-2 pneumonia in a tertiary care hospital during the

health care emergency in Lima, Peru.

Materials and methods

Study design and setting

A retrospective cohort study was carried out at the Hospital Nacional Arzobispo Loayza
(HNAL), a national referral hospital located in Lima, the capital of Peru. The hospital has

approximately 700 beds for the emergency department, hospitalization wards, and intensive

care unit (ICU) [17]. During the SARS-CoV-2 pandemic, many hospital wards were dedicated

to only COVID-19 pneumonia care, until bed capacity was exceeded and additional hospitali-

zation beds were added to open areas of the hospital [18].

Data source and patient population

Data were extracted from paper medical records revised at patient discharge, death, or transfer.

We included data from all adult patients aged� 18 years with either suspected (compatible signs

and symptoms with suggestive laboratory or radiological findings and with or without a negative

rapid serological test) or confirmed (same findings but with a positive rapid serological or in

RT-PCR test) diagnosis of SARS-CoV-2 pneumonia, admitted to the HNAL between May 1 to

August 31, 2020. Due to the nationwide shortage of diagnostic tests during the study period [19],

symptomatic patients were admitted as suspected cases due to the clinical characteristics and sup-

ported by typical laboratory markers and radiological findings as established by national guide-

lines without a diagnostic test [20,21]. Study size was the amount of medical records collected.

We excluded patients with mild SARS-CoV-2 infection discharged for outpatient manage-

ment; a mild case was defined by a patient with symptoms of COVID-19 but without dyspnea

or radiologic findings suggestive of pneumonia and who has a SO2 higher than 95% while

breathing ambient air, as the Peruvian National Guidelines of COVID-19 management stated
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[21]. We also excluded patients who left the hospital against medical advice within 24 hours of

admission, patients without respiratory symptoms and signs, mainly gastrointestinal and sur-

gical conditions admitted with a positive serological test, and patients who died within a short

time after admission to collect enough data to be included.

Data collection

The patient information collected included: demographic data, COVID-19 test results, dura-

tion of symptoms before hospital admission, signs and symptoms, oxygen saturation, fraction

of inspired oxygen, oxygen delivery device, comorbidities, self-medication, laboratory find-

ings, and medical treatment received during hospitalization. All laboratory tests were pro-

cessed in the laboratory of the HNAL.

The level of oxygen requirement was classified into three categories depending on

three criteria evaluated on admission to the emergency department: arterial oxygen partial

pressure to fractional inspired oxygen (PaO2/FiO2) ratio, oxygen delivery, and oxygen

saturation (SaO2) with FiO2 of 21%. When the PaO2/FiO2 ratio was not available, it was

estimated from the SaO2/FiO2 ratio using the Ellis-Severinghause formula [22,23].

According to these criteria, patients were classified in the first level if they had PaO2/FiO2

ratio >300 mmHg, need for oxygen delivery at a maximum of 2 liters per minute (28%

FiO2) through a nasal cannula, or SaO2 >90% with FiO2 of 21%. The second level was

defined as a PaO2/FiO2 ratio between 150 to 300 mmHg, need for oxygen delivery at a

maximum of 5 liters (40% FiO2) through a nasal cannula, or SaO2 between 80–90% with

FiO2 of 21%. Finally, the third level was defined as a PaO2/FiO2 ratio <150 mmHg, need

of oxygen delivery with FiO2 >40% or through device other than a nasal cannula, or SaO2

<80% with FiO2 of 21%; see S2 Table.

Study outcomes

The main outcome was in-hospital mortality. In-hospital mortality was determined by verify-

ing medical records, patient condition at discharge in the HNAL computerized system, and

confirming the date and hour of death in the Peruvian National Death Information System

(SINADEF) [24] according to names, last names, and national identity number.

Statistical analysis

Categorical variables were reported as frequencies and percentages (%), and continuous

variables were expressed as mean and standard deviation or medians with interquartile

range (IQR) according to variable distribution. For exploratory analysis, we used the chi-

squared test or Fisher’s exact test to compare dichotomic variables. The Student’s t-test was

performed to compare one categorical and another continuous variable for normally dis-

tributed data; otherwise, the Mann-Whitney U test was applied. To compare polytomous

and continuous variables, the ANOVA test or Kruskal Wallis test was performed depending

on the statistical distribution. Finally, a multivariate regression analysis was conducted

using the Poisson model with robust variance to determine the effect of each covariate on

mortality, adjusting for known confounding variables. We considered comorbidities such

as diabetes mellitus, hypertension, obesity, and corticoid use during hospitalization as pos-

sible confounding variables. We considered a confidence level of 95% and a p-value <0.05

as statistically significant. The statistical analyses were performed using Stata software ver-

sion 14.2.
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Ethical statement

The study was approved by the Institutional Ethics Committee for Research at the Hospital

Nacional Arzobispo Loayza in Lima, Peru (Reference number: 011–2021) with waiver of patient

consent on the basis of study design and the ongoing COVID-19 public health emergency.

Results

Baseline characteristics and patient outcomes

From May 1 to August 31, 2020, 9605 patients with either suspected or confirmed diagnosis

of SARS-CoV-2 infection were admitted to the emergency department. Among these

patients, 6062 were excluded because they did not meet the inclusion criteria. Of the 3543

potentially eligible patients, 2006 medical records were not accessible because they were

stored by the Administration Office to ensure biosecurity. Finally, 1537 patients were

included in the study. Fig 1.

We classified 1097 patients as definitive cases (71.4%); however, due to the lack of definitive

test 440 patients were classified as suspected cases (28.6%) and only 39 patients had a RT-PCR

test done. Among the 1537 patients included in the study, 68.4% were males and 31.6% females

with a mean age of 60 ± 14.25 years. The median length of symptom duration was 7 days (IQR:

5–10). Dyspnea was the most frequent symptom (85.1%), followed by cough (68%), malaise

(53.5%), and fever (48.4%). The most common comorbidities were hypertension in 26.3% of

cases and type 2 diabetes mellitus in 18.7%. Slightly over one quarter of the patients reported

Fig 1. Flowchart of participants.

https://doi.org/10.1371/journal.pone.0265089.g001
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having received some medication (corticosteroids, antibiotics, or anticoagulants) before hospi-

talization. During hospital stay, 98.35% of patients received antibiotic therapy, whereas 89.93%

received some type of corticosteroids such as methylprednisolone, prednisone, dexametha-

sone, and hydrocortisone, at variable doses ranging from low to corticosteroid pulses. The

median length of hospital stay was 7.5 days (IQR: 2.4–14.5) and the general in-hospital mortal-

ity was 49.71% (764 patients) Table 1.

Univariate analysis

Mortality was similar in both genders (p = 0.464). There was a higher frequency of deaths

among patients aged 45–65 years and especially in those over 65 years of age, compared to

patients less than 45 years old (p<0.001). Hypertensive patients had a greater mortality than

non-hypertensive patients (p = 0.003). Regarding laboratory tests, there was an association

between mortality and the majority of inflammatory markers. Patients who met the criteria for

levels 3 of oxygen requirement on admission presented a higher mortality than those classified

as level 1 Table 2.

Patients of older age (63 years ± 13.6) presented higher oxygen requirements on hospital

admission. Regarding the remaining covariates, we found that level 3 of oxygen requirement

was associated with higher values of leukocytes, neutrophils, D-dimer, lactate dehydrogenase,

Table 1. Characteristics of hospitalized patients with SARS-CoV-2 pneumonia.

Variables

Age in yearsa 60.1 ± 14.3

Male gender 1051 (68.4)

Duration of symptoms in daysb 7 (5–10)

Fever 727 (48.4)

Cough 1022 (67.9)

Dyspnea 1289 (85.1)

Sore throat 338 (22.5)

Malaise 804 (53.5)

Chest pain 97 (6.5)

Headache 116 (7.7)

Vomiting 40 (2.7)

Diarrhea 42 (2.8)

Hypertension 401 (26.3)

Diabetes Mellitus 286 (18.7)

Obesity 241 (15.8)

Chronic kidney disease 52 (3.4)

Malignant neoplasm 14 (0.9)

Human immunodeficiency virus 16 (1.1)

Self-medication 402 (28.9)

Antibiotic use during hospitalization 1486 (98.3)

Corticosteroid use during hospitalization 1346 (89.4)

Length of hospital stay in daysb 7.5 (2.4 a 14.5)

Mortality 764 (49.7)

Values are in number and percentage (%).
aMean ± standard deviation.
bMedian (interquartile range).

https://doi.org/10.1371/journal.pone.0265089.t001
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C-reactive protein, lactate, and ferritin; and with lower values of lymphocytes and albumin.

See S3 Table.

Multivariate analysis

Higher levels of oxygen requirement and advanced age were associated with elevated in-hospi-

tal mortality. The analysis was adjusted for age, gender, hypertension, diabetes mellitus, obe-

sity, and corticoid use during hospital stay. Patients with level 3 of oxygen requirement were

nearly three times more likely to die than patients in level 1 (relative ratio [RR]: 2.77, 95% con-

fidence interval [CI]: 2.13–3.62). In addition, patients in level 2 had a 33% greater probability

of death than those in level 1 (RR: 1.33, 95% CI: 1.01–1.75), and this difference was statistically

significant. We also found that patients over 65 years old had a two-fold greater likelihood of

death than patients under 45 years of age (RR: 2.01, 95% CI: 1.59–2.52). Furthermore, patients

between 45–65 years of age had a 51% greater probability to die than those under 45 years of

age, and this association was statistically significant (RR: 1.51, 95% CI: 1.20–1.90) Table 3.

Table 2. Association between mortality and main covariates.

Variables Discharged n = 773 Deceased n = 764 P value

Male gender 536 (69.3) 515 (67.4) 0.464

Age in yearsa 55.8 ± 13.3 64.5 ± 13.8 < 0.001

Diabetes 136 (17.6) 150 (19.6) 0.325

Hypertension 176 (22.8) 225 (29.5) 0.003

Obesity 125 (16.2) 116 (15.2) 0.624

Antibiotic use during hospitalization 742 (95.9) 744 (97.4) 0.105

Corticosteroid use during hospitalization 654 (84.6) 692 (90.6) <0.001

Duration of symptoms in daysb 7 (4–10) 7 (5–10) 0.002

Length of hospital stay in daysb 4.5 (1–10) 10.9 (5–18) <0.001

Oxygen requirement level 3 180 (23.3) 501 (65.6) < 0.001

Leukocytes � 10000 (per mm3) 379 (49) 486 (63.6) < 0.001

Neutrophils � 7500 (per mm3) 452 (58.5) 537 (70.3) < 0.001

Lymphocytes < 1000 (per mm3) 379 (49) 443 (57.9) < 0.001

Platelets < 200 000 (per mm3) 69 (8.9) 121 (15.8) < 0.001

D-dimer� 1.0 (ug/ml) 71 (9.2) 113 (14.8) < 0.001

Lactate dehydrogenase� 350 (U/L) 334 (43.2) 513 (67.1) < 0.001

C-reactive protein > 15 (mg/L) 270 (34.9) 320 (41.9) < 0.001

Glucose > 180 (mg/dl) 154 (19.9) 204 (26.7) < 0.001

Lactate� 2 (mmol/L) 83 (10.7) 152 (19.9) < 0.001

Fibrinogen < 400 (mg/dl) 60 (7.8) 84 (10.9) 0.005

Creatinine� 1 (mg/dl) 122 (15.8) 233 (30.5) < 0.001

Alanine aminotransferase� 35 (UI/L) 471 (60.9) 404 (52.9) 0.004

Total bilirubin� 1 (mg/dl) 55 (7.1) 85 (11.1) 0.013

Albumin < 3.5 (mg/dl) 170 (21.9) 233 (30.5) < 0.001

Troponin� 0.001 (ng/L) 13 (1.7) 35 (4.6) < 0.001

Procalcitonin� 0.25 (ng/L) 17 (2.2) 29 (3.8) 0.042

Ferritin� 1500 (ug/L) 79 (10.2) 105 (13.7) 0.003

Values are in number and percentage (%).
aMean ± standard deviation.
bMedian (interquartile range).

https://doi.org/10.1371/journal.pone.0265089.t002
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Discussion

In our study, we found an in-hospital mortality of about 50%, which is consistent with a previ-

ous report from Peru [12] and is among the highest mortality rates documented in the litera-

ture. The highest in-hospital mortality rate reported was 29.7% in Italy [25] followed by

United States of America with 21.5% [16,26]. Similar rates have only been reported in patients

hospitalized in critical-care units [16]. Our mortality rate is in line with the high death rate

reported in Latin American countries, and to date, Peru has more than doubled its COVID-19

death toll following a data review, making it the country with the world’s highest death rate

per capita [3,27].

Peruvian health system has particular characteristics that differ from other countries. First,

healthcare system is fragmented, so different entities—from public to particular—deliver care in

different and independent ways between each other [28]; the number of ICU beds were the lowest

comparing to other Latin-American countries such as Colombia, Argentina and Brazil (4); oxy-

gen supply was scarce, placed the country in the so named “the oxygen crisis” with oxygen plants

that doesn’t work or can’t produce enough [29,30]; and finally, the number of trained health pro-

fessionals in ICU care is scarce and mostly concentrated in Lima, the capital of Peru (4).

Although clinical and laboratory factors associated with mortality have been well docu-

mented [31] and prognostic scales have been developed for certain groups [10,11], our study

Table 3. Factors independently associated with mortality in multivariate analysis.

Crude model Adjusted modela

Variables RR (95% CI) p-value RR p-value

Oxygen requirement level

Level 1 (Low) (ref) (ref)

Level 2 (Moderate) 1.43 (1.08–1.89) 0.012 1.33 (1.01–1.75) 0.047

Level 3 (High) 3.17 (2.46–4.11) < 0.001 2.77 (2.13–3.62) < 0.001

Age in years

18–45 (ref) . (ref)

45–65 1.72 (1.35–2.20) < 0.001 1.51 (1.20–1.90) < 0.001

> 65 2.56 (2.02–3.24) < 0.001 2.01 (1.59–2.52) < 0.001

Gender

Female (ref) (ref)

Male 0.96 (0.86–1.07) 0.412 0.99 (0.90–1.09) 0.848

Hypertension

No (ref) (ref)

Yes 1.18 (1.06–1.32) 0.002 1.04 (0.94–1.15) 0.41

Diabetes Mellitus

No (ref) (ref)

Yes 1.07 (0.94–1.21) 0.288 1.01 (0.90–1.15) 0.749

Obesity

No (ref) (ref)

Yes 0.96 (0.84–1.11) 0.607 1.02 (0.90–1.16) 0.733

Corticosteroid use during hospitalization

No (ref) (ref)

Yes 1.44 (1.16–1.79) 0.001 1.2 (0.98–1.47) 0.077

RR: Relative ratio; CI: Confidence interval.
aModel adjusted for age, gender, hypertension, diabetes, obesity.

https://doi.org/10.1371/journal.pone.0265089.t003
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demonstrates that age and low oxygen saturation on admission are proportionally associated

with mortality. Traditional risk factors described in the literature could be applied to our pop-

ulation; however, in our analysis, these associations could be hidden due to the predominance

of severe cases with significant respiratory compromise. Although this could be explained by

the phenomenon of “silent hypoxemia” [32] which can delay health care-seeking, it does reflect

a delay but in much more advanced and severe stages of the disease [5,12].

The high frequency of severe cases presenting on hospital admission is related and possibly

a consequence of the fragmented and precarious health care system of Peru. In addition, the

lack of resources such as general and ICU beds [15,33], and the low health expenditure during

the last few decades [4,33,34], lead to high rates of self-medication and out-of-hospital care

[14]. The socioeconomic inequalities in our country are reflected in the large proportion of

vulnerable people and informal workers [5,35,36], who were unable to comply with the lock-

down regulations imposed by the government due to economic dependence on daily earnings

[33]. In addition to all of these factors, national and health sector corruption has disrupted the

implementation of public health policies due to successive changes of government and health

ministers [4,37].

The serious limitations of hospital beds at medical and ICU wards might ensure only the

worst patients were triaged for admission to our hospital. This particular condition of Peruvian

health system cannot be compared with other countries with better resources, and is one of the

main reasons that a high level of oxygen demand was an independent variable related to mor-

tality. Also, our severe compromised study population could set aside a large number of well-

described related factors, although age, an independent risk factor remains significant in our

sample.

Our results confirm that low oxygen saturation is a relevant predictor of mortality, even

independently of some socio-demographic characteristics, medical background and other

clinical findings. Low oxygen saturation measured by pulse oximetry has demonstrated to be

useful for early prediction of outcomes, monitoring, and guiding hospitalization in other sce-

narios [38–40]. The presence of low oxygen saturation in patients requiring high flow oxygen

delivery has been demonstrated to be more reliable than the remaining signs and symptoms

for predicting clinical deterioration during the course of COVID-19 [41] and is a predictor of

mortality associated with severe disease. This simple test should be assessed more often in

clinical evaluations and regular check-ups among COVID-19 patients in resource-limited

countries.

Even the multivariate analysis did not show it, our high mortality rate mainly reflects the low

number of intensive care unit beds, 5 per 100,000 inhabitants; an insufficient offer for the great

number of critically affected patients [4]. To reduce this mortality, Peru has recently inverted in

a massive vaccination program, increase the number of ICU beds, with mechanical ventilators,

monitors and trained nurses and doctors, and the implementation of temporary oxygen centers

[42]; scarce supplies revealing decades-long of poor investment in public health [4].

Some other important findings merit consideration. About 98% of the patients included in

our study received antibiotics during their hospitalization. Other countries have documented

rates of antibiotic use of up to 74% [43] attributed to the lack of information about COVID-19

management at the beginning of the pandemic, the concomitant elevation of infectious mark-

ers [44–46] and the well described “compassionate” use [47–50]. The use of antibiotics during

hospitalization could be explained by the confusion of a negative test in a patient with pneu-

monia, considering that the majority of the test made were serological rapid test with a limited

value in diagnosis of acute COVID-19 infection. In addition, self-medication rates before

admission to the hospital, a demonstrated harmful practice [14,51,52] were very high in our

study (28.9%), being corticosteroids and antibiotics the most frequently self-administered.
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Self-medication as a pre-hospital treatment was mainly self-prescribed and motivated by

fear, anxiety and supported by early studies, expert opinion and media misinformation [4].

Some patients use antibiotics alone, some corticosteroids alone, and some a mix of them, prob-

ably with other unproved medication. Certainly, during the first wave, the lack of knowledge

and fear among the population led to the overuse of medications that were wrongfully pre-

scribed and promoted by the press and social media [47]. In fact, this situation was a conse-

quence of the lack of assistance in primary health care centers, which were closed at the

beginning of the pandemic and during the first wave [53].

Finally, we found no association between mortality and corticosteroid use during hospitali-

zation. This may be due to the use of high doses of methylprednisolone and hydrocortisone at

the beginning of the pandemic until the benefits of dexamethasone were demonstrated in

patients with moderate to severe COVID-19 pneumonia [54]. However, the main explanation

for this finding is the shortage of ICU beds, since the poor clinical status and high oxygen

requirement levels on admission indicated the need for critical care in most of our patients [4].

Limitations of our study are related to the retrospective nature of data collection, which

may have led to certain biases in data registration and collection. A minor proportion of

patients (2.5%) had the opportunity to made a PCR-RT diagnostic test, but the majority of

patients without had a clinical correlate with COVID-19 and the test used to classify them was

the serological rapid-test, the only available test in Peruvian setting. Furthermore, our study

could not include the majority of admitted patients due to the limited access to medical rec-

ords. However, this study was performed in a national hospital with a large and representative

study population, using the national electronic death information system and obtaining results

that are consistent with other publications.

Conclusions

In-hospital mortality among patients with COVID-19 in Peru is high. Advanced age and high

oxygen requirement on hospital admission are associated with greater mortality. Our findings

are largely due to the low-quality health care system in our country.
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