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altitude region of Peru
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ABSTRACT

Objective: To describe the clinical and epidemiological characteristics and the impact of non-pharmacological measures
(NPMs) on the evolution of the COVID-19 pandemic among residents of a high-altitude region of Peru.

Materials and methods: The study was conducted in the district of Lircay (3,278 ma.s.l.), province of Angaraes, department
of Huancavelica, between March 31, 2020, and January 31, 2021 (lockdown period). The Information Technology
Department at MINSA's Hospital de Lircay IlI-1 provided all COVID-19 patient records used during the aforementioned
period of time. The clinical and epidemiological characteristics and the impact of NPMs were evaluated by determining
the transmissibility of the virus using the effective reproduction number (Rt).

Results: A total of 1,404 COVID-19 patients from the district of Lircay, who were treated at MINSA's Hospital de Lircay Il-1,
were studied. The median age was 33 years (IQR: 24.0-45.0); 10.7 % were older adults and 70 % reported no comorbidities
at diagnosis. Out of all participants, 2.16 % had a moderate or severe condition, being more frequent in males (p < 0.001).
Moreover, the significantly associated comorbidities were obesity (p < 0.001) and hypertension (p = 0.004). The average
case fatality rate was 0.9 %; however, in moderate-severe cases, it reached 26.7 % (p < 0.001), and the elderly population
was the most affected one. The lockdown, understood as an NPM, generated an Rt of 2.98 (95 % Cl: 1.54-5.14) in July,
and the end of the lockdown plus the economic recovery generated an Rt of 9.94 (95 % Cl: 4.19-19.45) in December. After
Christmas, focused lockdown was introduced and, 14 days later, an Rt reduction of up to 0.79 (95 % Cl: 0.41-1.36) was
observed.

Conclusions: In this high-altitude region, the COVID-19 overall case fatality rate was low; this could be related to the
characteristics of the population (young age and low prevalence of comorbidities). Lockdown apparently proved to be an
effective measure for controlling SARS-CoV-2 transmissibility.
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INTRODUCTION

SARS-CoV-2 was discovered as the etiological agent of the Wuhan pandemic ). Faced with the spread of the virus, Peru
opted for mandatory social distancing (border closures, mandatory social isolation and ban on the use of transportation
nationwide), but the evolution was not as expected. By the 130th day of lockdown, the number of infected persons had
risen to 375,961 and the case fatality rate (CFR) had increased to 4.75% *3).

In this context, a heterogeneous progression of the disease was observed within the different regions of Peru. For example,
by 2020, in epidemiological week 22 (EW 22), Huancavelica had 245 cases and a CFR of 0.41 % ©, while other regions
reported higher rates. Although there are publications reporting a reproduction rate (R0O) of 2.97 for Peru and 2.88 for
Lima ©, it is not clear how the number of infected persons has evolved during the pandemic in high-altitude areas.

Initially, in the absence of effective treatments or safe and effective immunization, non-pharmacological measures (NPMs)
were chosen in Peru to “mitigate” the transmission of SARS-CoV-2 79, In a given context, traditional public health
measures such as isolation, lockdown, social distancing and reduction of economic activities are considered as NPMs.
However, in Peru, both the efficacy and efficiency of NPMs were affected by the non-compliance of the population ", the
low response capacity of health centers or the early recovery of economic activities.
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The present research reports the clinical and
epidemiological characteristics of COVID-19 patients in an
area of Huancavelica, in the Peruvian high-altitude region,
and details an approximation of the impact of NPMs on the
transmission of SARS-CoV-2.

MATERIALS AND METHODS

Study design and population

An observational, descriptive and cross-sectional study
conducted in the district of Lircay, at 3,278 meters above
sea level (m a.s.l.), province of Angaraes, department
of Huancavelica, between March 31, 2020, and January
31, 2021. This district covers 9.3 % of the population
of Huancavelica (22,991 inhabitants), according to data
from the Instituto Nacional de Estadistica e Informatica
(INEI - National Institute of Statistics and Informatics) (2.

The population consisted of COVID-19 patients who were
diagnosed with SARS-CoV-2 through a serology or antigen
test at Hospital de Lircay Il-1 2 of the Ministry of Health
(MINSA) and registered in the Sistema Integrado para
COVID-19 (SISCOVID-19 - Integrated System for COVID-19)
module of the district of Lircay 3. It should be noted that,
in this district, there are only two health care facilities:
Hospital de Lircay lI-1, which covers most of the insured
(88%, according to the INEI (), and Centro de Atencion
Médica de Lircay (Lircay Health Care Center) of the Seguro
Social de Salud (EsSalud - Social Security Health Insurance),
whose number of insured population is considerably
smaller. The study used a non-probabilistic and consecutive
sampling, as all COVID-19 cases diagnosed in that hospital
were included.

A diagnosis was considered positive if the result of the
serology test detected antibodies:

» Serology test: “reactive IgM,” “reactive IgG” or “both
reactive.”

« Antigen test: a result reported as “reactive” was
considered positive.

» Cases diagnosed by reverse transcription polymerase
chain reaction (RT-PCR) for SARS-CoV-2 were not
included, because the district of Lircay did not have
the necessary logistics to offer this type of test.

Variables and measurements

The evaluating medical staff collected information on the
characteristics and clinical classification of the patients;
the rest of the variables were included in the COVID-19
Epidemiological Record. Such information was uploaded
into the SISCOVID-19 module, as provided in Ministerial
Decree No. 183-2020-MINSA (14

» Mild cases: patients with general symptoms.
» Moderate cases: patients with dyspnea or respiratory
distress, respiratory rate (RR) > 22 breaths per
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minute (bpm), altered level of consciousness, arterial
hypotension or shock, clinical or radiological signs of
pneumonia, and leukocyte count < 1,000 cells/pL.

« Severe cases: patients with RR > 22 bpm or partial
pressure of carbon dioxide (PaC0O2) < 32 mmHg, altered
level of consciousness, systolic blood pressure < 100
mmHg or mean blood pressure < 65 mmHg, clinical
signs of muscle fatigue (nasal flaring, use of accessory
muscles, thoracoabdominal imbalance) and serum
lactate > 2 mmol/L.

« Asymptomatic cases: patients with no symptoms at
diagnosis.

The other clinical and epidemiological variables considered
for this study were sex, age, district of origin, date of
symptom onset, symptoms, risk factors (cardiovascular
disease, diabetes, liver disease, obesity, tuberculosis,
renal disease, liver disease, asthma, cancer), diagnostic
test and outcome.

Likewise, fatality was determined with the help of the CFR
and the calculation of proportions; the transmissibility
of the virus was determined by calculating the effective
reproduction number (Rt) in each lockdown period, thanks
to the methodology described by Cori et al .

The data of interest for this study were collected from the
SISCOVID-19 module located in the Information Technology
Department at MINSA’s Hospital de Lircay II-1, for which an
ad hoc card was used.

Statistical analysis

The quantitative variables were described by median and
interquartile range (IQR) and the qualitative variables by
absolute and relative frequencies. The CFR was estimated
as the proportion of patients who died from COVID-19 during
the observation period out of all those with a diagnosis
of SARS-CoV-2 infection. Deaths from COVID-19 were
confirmed with the Bureau of Statistics, medical history
and death certificate. To compare the study variables
between the asymptomatic, mild and moderate-severe
cases, the statistical significance was estimated using the
Kruskal-Wallis test for the quantitative and nonparametric
variables, while the categorical variables were contrasted
with the chi-square test. A p value less than 0.05 (p < 0.05)
was considered statistically significant.

The transmissibility of the virus was evaluated throughout
the study (with versus without lockdown) by estimating
the Rt with the methodology described by Cori et al.
using a Microsoft Excel spreadsheet, published by these
authors at the following link: http://tools.epidemiology.
net/EpiEstim.xls.

To estimate the Rt, the research indicated a mean serial
interval (SI) of 7.5 days and a standard deviation (SD) of
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3.4 days, which were constant between periods and were
reported in the first cases in Wuhan 9. In addition, the
median Rt and its respective 95 % confidence interval were
determined every 7 days. For this analysis, confirmed
COVID-19 cases, who were diagnosed at Hospital de
Lircay II-1 and reported the date of symptom onset, were
included.

The observation period was divided into the following
stages:

 National lockdown: mandatory social immobilization and
border closure were established throughout the territory.
For this study, the starting date was March 31—when the
first COVID-19 case was diagnosed in the department of
Huancavelica—and the end date was June 30.

» Economic recovery: period in which the Peruvian
Government ended the national lockdown and the
country’s main economic activities resumed (July 1
to 31).

o Focused lockdown: period in which mandatory social
immobilization was established only in some regions of
the country due to the increase in COVID-19 cases (August
1 to September 17).

« Lifting of the focused lockdown: from this period to
the end of the study, Lircay did not return to lockdown
(September 18 to November 31).

« Start of year-end holidays shopping (December 1 to 23).

« Year-end holidays (December 24 to 31).

« Post “2020 year-end” holidays period (January 1 to 31).

Because the initial reports had indicated a mean Sl of 7.5
days "9 it was assumed that a significant effect on the
Rt curve would occur from day 14 (two weeks) after each
stage was established. Thus, a drop or increase in the Rt,
two weeks after the beginning of these study stages, would
indicate a positive or negative influence of the evolution of
the pandemic in Lircay.

Ethical considerations

The research was evaluated and approved by Hospital de
Lircay ll-1’s Management, through MEMORANDUM No. 00423-
A-2020/GOB.REG.HVCA/RSA-HL/D, on November 30, 2020,
and was registered in the online platform of Proyectos de
Investigacion en Salud (PRISA - Health Research Projects)
of the Instituto Nacional de Salud del Peru (INS - National
Health Institute of Peru), with code EI00001712. Even
though the study did not require the approval of an ethics
committee, since only statistical and epidemiological data
and not medical histories were analyzed, all the pertinent
confidentiality measures were adopted. Likewise, the
preparation of the report of this study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

RESULTS

Out of 1,454 records of COVID-19 patients diagnosed at
Hospital de Lircay II-1, 50 were removed. Out of these,
48 were deleted because they had two positive tests on
different dates and two were eliminated because they died
at home with a diagnosis of COVID-19 post-mortem and
without previous clinical care; therefore, 1,404 records
were left (n = 1404). On the other hand, only 129 records
included symptoms and date of symptom onset.

Table 1 presents the epidemiological and clinical
characteristics of the study subjects, whose profile consisted
of a median age of 33.0 (IQR: 24.0-45.0); age range of 30
to 59 years (49 %, n = 688); female predominance (59 %, n =
828); no comorbidity (73.2 %, n = 1,028); reactive IgM and
IgG diagnostic tests (53.3 %, n = 749); headache, general
malaise and cough as main symptoms; clinical classification
with predominance of asymptomatic patients (n = 1,091),
followed by mild (n = 276) and moderate-severe (n = 37)
cases.

Table 1. Clinical and epidemiological characteristics of patients diagnosed with COVID-19 at Hospital de Lircay ll-1, Angaraes,

Huancavelica, Peru (March 31, 2020-January 31, 2021)

Age 33.0 (24.0-45.0) 32.0 (24.0-43.0) 35.0 (24.0-50.0) 60.0 (44.0-71.00) < 0.001*
0-11 years 58 (4.1) 43 (3.9) 13 (4.7) 2 (5.4) < 0.001
12-17 years 39 (2.8) 27 (2.5) 12 (4.3) 0 (0.0)

18-29 years 469 (33.4) 386 (35.4) 81 (29.3) 2 (5.4)

30-59 years 688 (49.0) 549 (50.3) 125 (45.3) 14 (37.8)

> 60 years 150 (10.7) 86 (7.9) 45 (16.3) 19 (51.4)

Sex

Male 576 (41.0) 418 (38.3) 133 (48.2) 25 (67.6) < 0.001
Female 828 (59.0) 673 (61.7) 143 (51.8) 12 (32.4)
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District of origin

Lircay 1,364 (97.2) 1,058 (97.0) 272 (98.6) 34 (91.9) 0.056
Others 40 (2.8) 33 (3.0) 4(1.4) 3(8.1)

Comorbidities

No comorbidity 1,028 (73.2) 818 (75.0) 196 (71.0) 14 (37.8) < 0.001
COPD 3(0.2) 2 (0.2) 1(0.4) 0 (0.0) 0.814
HBP 11 (0.8) 4 (0.4) 6 (2.2) 1(2.7) 0.004
Obesity 11 (0.8) 4 (0.4) 4 (1.4) 3(8.1) < 0.001
T2DM 6 (0.4) 4 (0.4) 2 (0.7) 0 (0.0) 0.661
Asthma 1(0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0.866
Diagnostic test @

Reactive IgM 185 (13.2) 141 (12.9) 35 (12.7) 9 (24.3) < 0.001
Reactive IgM and IgG 749 (53.3) 561 (51.4) 168 (60.9) 20 (54.1)

Reactive IgG 423 (30.1) 383 (35.1) 35 (12.7) 5 (13.5)

Reactive antigen test 47 (3.3) 6 (0.5) 38 (13.8) 3 (8.1)

Symptoms °

General malaise 9 (53.5) 50 (72.5) 19 (27.5) N/A
Headache 6 (51.2) 56 (84.9) 10 (15.1) N/A
Cough 5 (50.4) 50 (76.9) 15 (23.1) N/A
Fever or chills 9 (45.7) 42 (71.2) 17 (28.8) N/A
Odynophagia 57 (44.2) 46 (80.7) 11 (19.3) N/A
Dyspnea 9 (30.2) 5 (38.5) 24 (61.5) N/A
Chest pain 6 (20.2) 18 (69.2) 8 (30.7) N/A
Diarrhea 9 (14.7) 14 (73.7) 5 (26.3) N/A
Rhinorrhea 4 (10.9) 10 (71.4) 4 (28.6) N/A
Nausea or vomiting 10 (7.8) 8 (80.0) 2 (20.0) N/A
Muscle pain 9 (7.0) 9 (100.0) 0 (0.0) N/A
Arthralgias 8 (6.2) 8 (100.0) 0 (0.0) N/A
Abdominal pain 5(3.9) 5 (100.0) 0 (0.0) N/A
CFR (%) 13 (0.9) 1(0.1) 3(1.1) 9 (24.3) < 0.001*

a Clinical classification according to Ministerial Decree No. 183-2020-MINSA (4); laboratory and radiological data were not available at
diagnosis.

b Only 129 records that included symptoms and date of symptom onset were considered. The percentage for the “all patients” column
considered N = 129, and the percentage for the “mild” and “moderate-severe” clinical classification columns considered the total
reported in the “all patients” column.

The continuous quantitative data are shown as median (IQR) and the qualitative variables as numbers (percentages). To compare the
variables between the asymptomatic, mild and moderate-severe patients, chi-square tests were used for the qualitative variables.
*The Kruskal-Wallis test was used to determine the statistical significance since it did not present a Gaussian distribution.

N/A: not applicable.

Table 1 and Figure 1 show an average CFR of 0.9 % (n = 13), a higher percentage of moderate-severe clinical cases (24.3 %, n =9)
and a highly affected elderly population.
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Figure 1. COVID-19 CFR according to the age of diagnosed cases, Hospital de Lircay Il-1, Angaraes, Huancavelica, Peru (March 31, 2020-

January 31, 2021)

The transmissibility of the virus throughout the study was determined by the Rt (Figure 2). It revealed an estimated
Rt of 0.88 as of July 12 (95 % CI: 0.26-2.10). In contrast, the beginning of the progressive economic recovery, around
July 1, caused an increase in the transmissibility of the virus, with the Rt increasing up to 2.98 (95 % Cl: 1.54-5.14)
on July 17 and up to 4.72 (95 % Cl: 2.93-7.12) on August 1. On the contrary, focused lockdown resulted in a decrease
two weeks after the implementation of said measure. Likewise, during this
period, the transmissibility rate remained below 1. However, once again, the lifting of the lockdown and some
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Figure 2. Rt for the COVID-19 pandemic according to diagnosed cases, Hospital de Lircay Il-1, Angaraes, Huancavelica, Peru (March
31, 2020-January 22, 2021). The shaded area represents the 95 % confidence interval for the median. The numbers on the dotted lines
July 31, 2020; 3: September 18, 2020; 4: December 1, 2020; and 5: December 23, 2020.
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DISCUSSION

The COVID-19 population of Lircay, at 3,278 m a.s.l., had
epidemiological characteristics similar to those reported in
other studies; however, they also showed important clinical
differences. Early publications from China indicated that
the infection was common in adult and elderly patients,
with ages ranging from 30 to 79 (" years and median ages
of 49 " and 47 7 years. In the present study, 82.4 % of
the COVID-19 patients aged between 18 and 59 years with
a median age of 33 years. A study (® conducted in Huaraz,
Peru, at 3,052 m a.s.l. found that COVID-19 patients had
a median age of 41 years, while in another report (¥ from
Huancayo, Peru, at 3,250 m a.s.l., the mean age was 49
years. The difference between these findings was probably
due to the demographic distribution of the population in
the high Andean region.

In the present study, COVID-19 in symptomatic patients was
characterized by general malaise, headache and cough. Early
reports in China indicated that cough was a frequent symptom
in patients with SARS-CoV-2 infection (®'); however, its
frequency was slightly exceeded by general malaise (53.5 %)
and headache (51.2 %) (&7, Other publications indicate that,
in high Andean areas of the country, 49.5 % (® to 70.26 %
of the symptomatic patients had cough. The discrepancy with
other national publications could be due to the fact that, in
this study, 77 % of the cases were classified as asymptomatic,
which could have caused a bias by missing data in MINSA’s
statistical computer system.

The average CFR of this study was 0.9 %, which is lower than
that reported for the first COVID-19 cases in China. Thus, since
the outbreak in Wuham, CFRs were low and in the range of
1.4 % (7 to 2.3 % 9. In Peru, Diaz-Lazo et al. " reported a
rate of 14.21 in the high altitude region of Huancayo, Peru;
meanwhile, Flores et al. @ found a CFR of 32 per 100,000
inhabitants in the department of Huancavelica between March
and September 2020.

On the other hand, Ortiz-Prado et al. @' claimed that, in
Ecuador, in regions below 2,500 m a.s.l., mortality rates
were 24 % higher than at higher altitudes. In contrast,
the CFR in hospitalized patients was 18.27 % in Santiago,
Chile ®; 12.7 % in Fortaleza, Brazil ?¥; and only 5 % in
Buenos Aires, Argentina 4.

The CFR of the present study was considerably increased
in the most severe cases (CFR of 24.3 % for moderate-
severe cases). Previous reports in hospitalized Peruvian
patients from sea level regions show slightly higher CFRs,
from 29.4 % @ to 32.8 % . Apparently, the lethality of
the virus is lower in this high Andean region, but it should
be considered that not all the inhabitants were treated at
Hospital de Lircay II-1.
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Although a lower COVID-19 CFR at a higher altitude
could be plausible, such results—and especially those
of this study—could be conditioned by factors such as
the characteristics of the population (lower age and low
prevalence of comorbidities), demographic factors (low
population density) and lesser or greater social mobility
or other measures (greater or lesser use of masks, use
of non-conventional medicines). In addition, part of the
study population was treated in other conventional health
systems (EsSalud and private health centers) and possibly
in non-conventional systems.

An asymptomatic patient was one whose diagnosis was
confirmed by a COVID-19 test, being RT-PCR the most
commonly employed #2%. Areport of absence of symptoms
during a follow-up period (5 days before to 14 days after
testing) was prepared #”, which was enough to differentiate
asymptomatic from presymptomatic cases. In this research,
itwas found that 77.7 % of COVID-19 cases in Lircay reported
no symptoms at diagnosis. According to some studies, the
percentage of asymptomatic infections accounted for
17 % @ to 32% ©9; however, research conducted in Cuba
reported up to 80 % Y while in Peruvian sea-level regions
25.7 % G2, The high percentage of asymptomatic patients
reported in the present study is probably due to the fact
that, at the time of the research, an “asymptomatic case”
was confirmed, in some cases, by a molecular test and, in
others, by a positive COVID-19 antigen test or IgM or IgM/1gG
reactive serology test ¢339,

The present research has used the Rt estimation as well
as previous research carried out in China %19 to evaluate
the evolution of the pandemic in Lircay. It was found that
the early national economic recovery and the lifting of
the national lockdown, around the beginning of July 2020,
and the start of the year-end holidays shopping (December
2020) increased SARS-CoV-2 transmissibility. The increased
number of cases after the economic recovery, promoted
by the Peruvian Government, did not consider the
heterogeneous spread of the virus. By the beginning of
July 2020, at the national level, the “wave” of infections
seemed to be decreasing, which would have motivated the
lifting of the most severe restrictions.

The results of this study show that, during the pre-economic
recovery phase, diagnosed cases were low and did not reach
a peak in diagnosis rate. Thus, a low number of infections
would lead to a high number of susceptible people who, in
addition to the lifting of the national lockdown, would have
led to an increase in the transmissibility of the virus.

Focused lockdown was established as a pandemic control
measure, which was evidenced by a decreased Rt. The
progressive lifting of mandatory social isolation, associated
with social distancing measures and reduced capacity
of public places, kept the Rt below 1 during November.
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Paradoxically, after the increase in transmissibility at the
beginning of December, the Rt decreased at the beginning
of the holidays around December 24.

A similar phenomenon was observed in the study by Pan
et al. 9 during the first period of the outbreak in Wuhan
(January 1 to 10, 2020), due to the Chinese Lunar New
Year mass travel, the Rt dropped even though there was no
restriction of any kind. In addition, the total number of cases
reported in each province in China was associated with the
total number of travelers leaving Wuhan 537, Thus, the
decreased transmissibility in Lircay at the end of December
could possibly have been caused by the migration of people
from the district to other regions to celebrate the year-end
holidays, with the resulting theoretical export of COVID-19
cases to the destination sites.

One of the main limitations of the study was the use of the
SISCOVID-19 database as a source of information. Although
it is a great online resource that helped to integrate data
at the national level, the epidemiological records were
incomplete and most of the information was obtained
from such database. Likewise, those files only included
the results of serology or antigen tests, since the results of
molecular tests (RT- PCR) were recorded on another online
platform and the number of such tests was very small.

Another limitation was the lack of certainty about the
characteristics of other non-pharmacological interventions,
such as the use of barriers like masks and face masks, or
non-conventional interventions specific to the regions in
the Peruvian inland. Extrapolation to the total population
of Lircay is impossible due to the certainty that the supply
of care was also covered by EsSalud and, probably, by
private health centers.

Finally, although the number of comorbidities in the
study was low, there is no certainty about the presence
or absence of communicable and non-communicable
conditions specific to the region, or pathologies related to
high altitude, such as chronic mountain sickness, or other
cardiovascular conditions that are more frequent at higher
altitude levels.
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