
Global Epidemiology 7 (2024) 100131

Available online 17 December 2023
2590-1133/© 2023 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Differences in SARS-COV-2 seroprevalence in the population of Cusco, Peru 

Huamaní Charles a, Concha-Velasco Fátima b,c,*, Velásquez Lucio e,a, K. Antich María b,l, 
Cassa Johar b,d, Palacios Kevin b, Bernable-Villasante Luz f, Giraldo-Alencastre Guido g, 
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A B S T R A C T   

Background: The spread of the coronavirus disease 2019 (COVID-19) in Peru has been reported at the regional 
level, few studies have evaluated its spread at the provincial level, in which the mechanisms could be different. 
Methods: We conducted an analytical, cross-sectional, multistage observational population study to assess the 
seroprevalence of SARS-COV-2 at the provincial and urban/rural levels in a high-altitude setting. The sampling 
unit was the household, including a randomly selected family member. Sampling was performed using a data 
collection sheet on clinical and epidemiological variables. Chemiluminescence tests were used to detect total 
anti-SARS-COV-2 antibodies (IgG and IgM simultaneously). The percentages were adjusted to the sampling 
design. 
Results: The overall prevalence in the region of Cusco was 25.9%, with considerably different prevalence between 
the 13 provinces (from 15.9% in Acomayo to 40.1% in Canchis) and between rural (21.1%) and urban (31.7%) 
areas. In multivariable model, living in a rural area was a protective factor (adjusted prevalence ratio [aPR], 
0.68; 95% confidence interval [CI], 0.61–0.76). 
Conclusions: Geographic diversity and population density determine different prevalence rates, typically lower in 
rural areas, possibly due to natural social distancing or limited interaction with people at risk.   

Introduction 

The coronavirus disease 2019 (COVID-19) pandemic, caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-COV-2), has 
affected cities in different ways worldwide [1]. Peru’s healthcare system 

is divided, with a public sector covering about 60% of the population, 
while the rest receive care through social security, the military, and the 
private sector, all operating independently. Consequently, the health-
care system worked at its limit for decades, unprepared for additional 
burdens. Moreover, Peru’s healthcare investment is among the region’s 
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lowest, at 4% of GDP (Gross Domestic Product) in 1995, rising to 5.5% in 
2017. This led to the construction of only a few hospitals and primary 
care centers to accommodate population growth. 

Most studies and efforts were directed at the largest cities because 
they have a larger at-risk or susceptible population [2,3]. As a result, less 
urbanized cities or cities with lower purchasing power were underrep-
resented or misrepresented in the research through ecological designs 
with such biases that led to the hypothesis of a protective altitude effect 
in reducing the SARS-COV-2 contagion [4–8]. Peru was no exception, 
with most reports derived from records of patients treated in healthcare 
centers. Although such data can be gathered quickly, this information is 
not uniform because Peru suffers from major healthcare gaps, and the 
probability of identifying positive cases is inherently lower in areas with 
more limited access to healthcare. However, some population seropre-
valence studies were conducted in the provinces of Lambayeque [9], 
Cusco [10] and Iquitos [11], which allows us to better understand the 
diversity of COVID-19 spread in the country, although there is limited 
data extrapolation to smaller population units. Therefore, this study 
aimed to determine the prevalence of SARS-COV-2 seropositivity in all 
the 13 provinces of the region of Cusco, assessing differences at the 
urban and rural levels, in addition to identifying specific factors that 
may increase or decrease the probability of contagion. 

Materials and methods 

Study 

An observational, analytical, cross-sectional, population-based study 
was conducted in the region of Cusco, which consists of the following 13 
provinces: Acomayo, Anta, Calca, Canas, Canchis, Cusco, Chumbivilcas, 
Espinar, La Convención, Paruro, Paucartambo, Quispicanchi and Uru-
bamba, with varying degrees of urbanization (Fig. 1). The study was 

conducted from January 18 to March 28, 2021. 
The 13 provinces of the Cusco region are geographically dispersed. 

Some have little direct interaction with each other, with the province of 
Cusco (the capital) mediating communication between them. Only the 
provinces of Cusco and Urubamba have strong tourist activity; mean-
while, in other provinces, the main activities are agriculture and animal 
husbandry or mining. They also present a wide climatic diversity; some 
provinces (i.e., La Convencion) are located in subtropical areas at 
<1500 m above sea level (masl), while other cities, such as Espinar, are 
located at 3915 masl, and their temperature decreases below 0 ◦C during 
summer nights. 

Sample and sampling 

According to the 2017 population census, the total population of 
Cusco was 1,205,527 inhabitants, 45% of whom were in rural areas. In 
this study, a two-stage complex sampling design by clusters was used, 
thus forming the primary sampling unit (PSUs), that is, clusters, con-
sisting of one or more contiguous blocks. Each PSU had 120 homes on 
average. Each cluster was located on a digitized map to facilitate its 
physical location and contained information on house numbers, locality, 
district, province, region, urban or rural areas, and poverty and altitude 
levels. Secondary sampling units were households within the clusters. In 
each household, a family member was randomly invited to participate in 
the study. 

The sample size required to obtain representativeness at the level of 
each province and in the urban/rural strata was 5232 people consid-
ering a design effect of 1.5, population prevalence of 40%, and 5% 
confidence level. The inclusion criteria are as follows: aged ≥18 years, 
voluntarily agreed to participate in the study and signed their informed 
consent form, had been living in the household for >6 months, and had 
the ability to understand the procedures. Initially, inclusion of 

Fig. 1. Distribution of the provinces of the department of Cusco and seroprevalence of anti-SARS-CoV2 antibodies. 
A) La Convencion – 1047msnm, B) Calca – 2928msnm, C) Paucartambo – 2906msnm, D) Urubamba – 2871msnm, E) Anta – 3337msnm, F) Cusco – 3300msnm, G) 
Quispicanchi – 3150msnm, H) Paruro – 3051msnm, I) Acomayo – 3207msnm, J) Canchis – 3554msnm, K) Chumbivilcas – 3660msnm, L) Canas – 3913msnm, M) 
Espinar – 3915msnm. 

H. Charles et al.                                                                                                                                                                                                                                 



Global Epidemiology 7 (2024) 100131

3

adolescents was considered, but due to the high rejection rate, the study 
was continued with adults only. People with acute symptoms or who 
reported positive results on previous tests were not excluded from this 
study. 

Study procedures 

Approach to volunteers 
The invitation process consisted of explaining the objectives of the 

project, handing out the information sheet and informed consent form, 
explaining the study procedures, clarifying doubts, and explaining the 
research methods. When one of the randomly selected volunteers did not 
agree to participate in the study, a previously randomly selected 
household was used. 

Data collection 
Participants responded to an ad hoc questionnaire with data on 

epidemiological variables (age, sex, isolation, contact with a person with 
suspected or confirmed SARS-CoV-2 infection) and self-reported 
comorbidities (hypertension, diabetes, obesity, bronchial asthma, can-
cer, tuberculosis, and chronic obstructive pulmonary disease, etc.), ul-
timately providing a sample for antibody detection. 

Collection and transport of biological samples 
For each chemiluminescence test, 3.5 ml of whole blood was 

collected in a serum separator tube at the participant’s home. Each tube 
was encoded and stored for transportation. All healthcare staff who 
participated in collecting and transporting biological samples wore 
personal protective equipment (PPE) and were trained in biosafety to 
safely handle biological samples. According to the guideline of the 
World Health Organization, samples were stored at 2–8 ◦C for transfer 
and further processing [12]. All samples collected outside the province 
of Cusco were centrifuged to extract 1 ml of serum aliquots, which were 
sent as described in the protocol. 

Chemiluminescence test for the detection of total anti-SARS-CoV-2 
antibodies 

The Elecsys Anti-SARS-CoV-2 test (ROCHE QFSA) was used to assess 
seropositivity. This test is based on a sandwich immunoassay, in which 
the recombinant protein N of SARS-CoV-2 is the target detected by the 
antibodies possibly present in the serum sample [13]. The Cobas 
analyzer (Roche) was used for automated data processing at the Adolfo 
Guevara Velasco National Hospital (Hospital Nacional Adolfo Guevara 
Velasco, HNAGV), Social Health Insurance (El Seguro Social de Salud, 
EsSalud) Cusco, which has a certified laboratory for these processes. 
Quantitative results reported by the team were expressed as “nonreac-
tive or negative for antibodies” or “reactive or positive for antibodies.” 
This test has 99.8% specificity, and its sensitivity reaches 99.5% if the 
test is performed 14 days after a positive PCR result [13,14]. 

Data analysis 

Data were entered as they were collected on a digital platform 
(Kobox) by the field staff, and their correct completion was verified 
through cross-review with a second entry. The resulting database was 
exported to STATA 16.1 software, where statistical analysis was per-
formed. All calculations were made considering the multistage sampling 
and expansion factors using the svyset command. 

The study subjects were characterized by calculating the absolute 
and relative frequencies of the categorical variables and the mean and 
standard error (SE) of the quantitative variables. Point prevalence rates 
of positivity in chemiluminescence tests were calculated for the entire 
Cusco region, for each of the 13 provinces, broken down by sex and 
urbanization (urban/rural). Calculations were performed using the 
Poisson distribution model with robust variance, which presented the 
results with 95% CIs. An additional calculation was made using the 

altitude of the city (Fig. 1), which was analyzed as a quantitative vari-
able; since its impact (in meters) was small, the results were expressed 
per thousand masl. 

Associations were assessed using the chi-square test and Student’s t- 
test, where appropriate, and the significance level was set at p < 0.05. 
The magnitudes of the association were measured with prevalence ratios 
(PR); the result of the chemiluminescence test was considered the 
response variable, and all other variables were considered exposure 
variables. Crude (cPR) and adjusted (aPR) models were constructed, 
including the variables sex, province, and urbanization as adjustment 
variables. 

Ethical aspects 

The project was evaluated by the HNAGV ethics committee (reso-
lution 52-GRACU-ESSALUD-2021), the data were collected by the re-
searchers under strict confidentiality rules, and informed consent was 
obtained from each adult who participated in the study (supplementary 
section). 

Results 

In total, 5394 volunteers from the 13 provinces of Cusco were 
included in this study, 60.9% of whom were females, with a mean age of 
44.9 years (SE, 0.28). All other characteristics of the population are 
listed in Table 1. The overall prevalence of anti-SARS-CoV-2 antibodies 
was 29.9%, with considerable differences between provinces. The 
provinces of Acomayo (15.4%) and Paucartambo (16.9%) had the 
lowest PR, and the province of Canchis (39.8%) had the highest PR 
(Figs. 1, 2 and Table 2). The district seroprevalence at district level, 
showed a geographical dispersion of SARS-CoV-2. This suggest that 
there seems to be no correlation between neighbor places. 

In the bivariate analysis, several variables with differences in SARS- 
COV-2 seropositivity were identified when breaking down the results by 
urban/rural area, age, sex, level of education, and number of household 
members. No differences were found in self-reported comorbidities or 
type of work (in-person, remote, or hybrid). In the multivariable anal-
ysis, living in a rural area (aPR, 0.68; 95% CI, 0.61–0.76) and aged ≥60 
years (aPR, 0.76; 95% CI, 0.64–0.91) persisted as protective variable 
while having >12 years of education increased the probability of being 
seropositive (aPR, 1.19; 95% CI, 1.02–1.38). The remaining results are 
outlined in Table 1. 

Variables altitude (per 1000 masl) and population density (per 100 
people/m2) were analyzed separately, including sex, urban/rural area, 
and age in the adjustment model. Altitude and population density were 
weakly positively associated with the probability of testing positive for 
anti-SARS-CoV-2 antibodies (altitude: aPR, 1.13; 95% CI, 1.04–1.23; 
population density: aPR, 1.03; 95% CI, 1.01–1.06) (Fig. 2,). 

Discussion 

The overall prevalence in the region of Cusco was 25.9%, with 21.1% 
seroprevalence in rural areas and 31.7% in urban areas. The main pro-
tective factors among the general population of Cusco were living in a 
rural area (aPR, 0.68; 95% CI, 0.61–0.76) and aged ≥60 years (aPR, 
0.76; 95% CI, 0.64–0.91). In addition, all provinces (except Canchis and 
Espinar) had a lower probability of SARS-CoV-2 seropositivity than the 
province of Cusco, the capital of the region. Seroprevalence studies 
overcome the limitations of case reports that only consider symptomatic 
cases [15] or ecological studies that collect data on cases identified by 
healthcare systems [4–6], correcting infection rates, which are under-
estimated because they do not consider asymptomatic cases that can 
play a key role in community viral transmission, in addition to reducing 
selection bias, since the selection process is probabilistic [16–18], which 
is one of the main strengths of our study. 

Our study showed an overall seroprevalence of 25.9% in the region 
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of Cusco, a finding that was framed at the beginning of the second wave 
of SARS-CoV-2 transmission. In Peru, the seroprevalence of SARS-CoV-2 
varied between regions, with SARS-CoV-2 mortality peaking in Iquitos, 
where the seroprevalence during the first wave of SARS-CoV-2 reached 
70% [11], a much higher seroprevalence than that found in our study. 
On the contrary, in Lambayeque, a province on the coast of Peru, the 
seroprevalence was 29.5% [9], and in Lima (the capital of Peru), the 
seroprevalence was 25.2% [19]. However, our results are consistent 
with another study conducted at the end of the first wave in Cusco, 
which reported a seroprevalence of 38.8% in the province of Cusco [10]. 

In contrast to seroprevalence rates ranging from 1 to 10% at the end 
of the first wave in Europe [20,21] from 0.07 to 15.6% in Asia, and 0.2 to 
12.5% in North America [22], in South America, the seroprevalence 
rates were higher, averaging 33.6% [23]. All these studies have few 
methodological differences from ours because, as probabilistic popula-
tion studies without major inclusion biases, the tests used may differ 
(rapid tests, chemiluminescence tests, and enzyme-linked immunosor-
bent assay, etc.), and the diagnostic performance between them does not 

justify such differences. Our seroprevalence is much higher, most likely 
due to structural factors present before the pandemic, such as infor-
mality, cultural practices, and misinformation in the media that favored 
the increased spread of this disease. Unlike European studies, Indian 
studies have reported much higher seroprevalence rates than those 
found in this study, reaching 54.1% in marginalized neighborhoods and 
16.1% in non-marginalized neighborhoods [24]. 

Seropositivity rates in different geographic areas were consistent 
with the early spread of SARS-CoV-2 in the region of Cusco. Seropre-
valence varied markedly between urban and rural areas, which can be 
attributed to many factors, such as cultural practices, population density 
and increased urbanization, levels of social interaction, economic ac-
tivity and movement due to tourism, and mitigation efforts [3,25]. 
Therefore, the dispersion of dwellings, as well as cultural practices and 
outdoor agricultural work, has likely favored measures, i.e., social 
distancing by reducing the effective reproduction number with a 
decrease in SARS-CoV-2 transmission of ≤60%, which might have 
mitigated SARS-CoV-2 infection in rural areas [3]. This finding is 

Table 1 
Population characteristics according to the results of anti-SARS-COV-2 antibodies and factors associated with seropositivity.   

Total Reactive Nonreactive Crude PR 95% CI Adjusted PR 95% CI 

Origin        
Urban 55.2% 

(2727/4937) 
65.6% 
(972/1482) 

50.8% 
(1754/3455) 

1 0.58–0.72 1 0.61–0.76 

Rural 44.8% 
(2210/4937) 

34.4% 
(510/1482) 

49.2% 
(1701/3455) 

0.65 0.68 

Sex        
Female 60.9% 

(3014/4941) 
63.7% 
(944/1481) 

59.8% 
(2070/3460) 

1 0.79–0.99 1 0.81–1.01 

Male 39.0% 
(1927/4941) 

36.3% 
(537/1481) 

40.2% 
(1390/3460) 

0.89 0.91 

Age group (years)        
≥18–30 19.9% 

(1017/5110) 
21.4% 
(328/1532) 

19.3% 
(689/3578) 

1 0.85–1.10  

0.63–0.90 

1 0.83–1.08  

0.64–0.91 30–59 58.7% 
(3001/5110) 

61.3% 
(939/1532) 

57.7% 
(2063/3578) 

0.96 0.95 

≥60 21.4% 
(1092/5110) 

17.3% 
(265/1532) 

23.1% 
(826/3578) 

0.75 0.76 

Education level (year)        
<7a 32.4% 

(1590/4907) 
26.5% 
(390/1472) 

34.9% 
(1200/3435) 

1 1.08–1.42  

1.25–1.64 

1 0.99–1.30  

1.02–1.38 7-11a 36.0% 
(1768/4907) 

36.7% 
(539/1472) 

35.8% 
(1230/3435) 

1.24 1.14 

12a or more 31.6% 
(1549/4907) 

36.9% 
(543/1472) 

29.3% 
(1005/3435) 

1.43 1.19 

People living in the same household: Mean (SE) 3.98 (0.04) 4.13 (0.08) 3.90 (0.05) 1.02 1.01–1.04 1.02 0.99–1.04 
Type of work        

In-person 85,9% 
(4248/4941) 

87.2% 
(1291/1481) 

85.5% 
(2957/3460) 

1 0.73–1.13  

0.69–1.15 

1 0.64–1.00  

0.66–1.11 
Remote 8.8% 

(435/4941) 
8.1% 
(120/1481) 

9.1% 
(315/3460) 

0.91  0.80  

Hybrid 5.2% 
(258/491) 

4.7% 
(70/1481) 

5.5% 
(188/3460) 

0.89  0.86  

Deceased at home (all causes)        
Yes 3.4% 

(170/4941) 
3.8% 
(56/1481) 

3.3% 
(114/3460) 

1 0.81–1.48 1 0.77–1.39 

No 96.6% 
(4771/4941) 

96.2% 
(1425/1481) 

96.7% 
(3346/3460) 

1.10 1.04 

Hypertension 4.5% 
(219/4783) 

4.7% 
(68/1452) 

4.5% 
(151/3331) 

1.02 0.77–1.35 0.97 0.74–1.28 

Diabetes 2.5% 
(119/4769) 

2.5% 
(36/1444) 

2.5% 
(83/3325) 

0.98 0.66–1.47 0.89 0.60–1.31 

Asthma 0.8% 
(36/4750) 

0.9% 
(12/1442) 

0.7% 
(24/3308) 

1.14 0.59–2.17 1.04 0.56–1.95 

Heart disease 0.6% 
(29/4770) 

0.8% 
(11/1451) 

0.5% 
(18/3319) 

1.27 0.69–2.31 1.25 0.69–2.25 

Cancer 0.2% 
(7/4765) 

0.01% 
(1/1446) 

0.2% 
(6/3319) 

0.30 0.04–2.38 0.29 0.04–2.35 

Respiratory symptoms in the last 14 days 8.2% 
(391/4791) 

9.4% 
(136/1449) 

7.6% 
(255/3342) 

1.17 0.97–1.39 1.14 0.95–1.37 

SE, standard error; PR, prevalence ratio; CI, confidence interval; 
sex-, urban/rural area- and province-adjusted model. 

H. Charles et al.                                                                                                                                                                                                                                 



Global Epidemiology 7 (2024) 100131

5

consistent with other studies; thus, a global meta-analysis showed that 
maintaining a physical distance of at least 1 m and using PPE reduced 
the transmission of SARS-CoV-2 [26]. In addition, the study by Xu [15] 
showed that people living in areas outside the epicenter of the outbreak 
had a lower seroprevalence, in line with the spread of this respiratory 
virus. 

All provinces in the region of Cusco, Peru, except for the provinces of 
Canchis and Espinar, showed a protective factor against SARS-CoV-2. 
This protective factor may have been due to the increase in the num-
ber of cases identified in the second wave of SARS-CoV-2, which coin-
cided with the study period, thus reflecting the geographical movement 
in the spread of infection that was initially located in urban areas and 
with a high movement of the population. The provinces of Canchis and 
Espinar are located in the south of Peru, on the border with the region of 
Arequipa, whose seroprevalence could also have been affected by the 
economic and migratory movement of the region of Arequipa, which 
experienced a growth in the incidence of cases during this study. These 
findings may also be associated with the increase in household trans-
mission because the provinces of Canchis and Espinar have a higher 
population density than the other provinces of the region of Cusco, and 
households are an important source of transmission. 

Aged ≥60 years was a protective factor against SARS-CoV-2 sero-
positivity. These data are also like those reported in another study, 
which found that individuals aged ≥65 years had a lower risk of SARS- 
CoV-2 seropositivity than individuals aged 20–49 years [22]. These 
findings are likely related to the combination of different measures, such 
as reduced exposure, as this age group is more susceptible to serious 
diseases with a higher risk of death due to senescence of the immune 
system [27]. 

Study limitations 

Our study has some limitations. The first is that this research is based 

Fig. 2. Distribution of the provinces and districts of the department of Cusco and seroprevalence of anti-SARS-CoV2 antibodies.  

Table 2 
Seroprevalence differences between provinces of the department of Cusco, 2021; 
sex- and urban/rural area-adjusted model.  

Provincia Prevalence 
% (95% IC) 

Crude 
PR 

(IC 95%) Adjusted 
PR 

(IC 95%) 

Cusco 37.8 
(33.9–41.8) 

1  1  

Acomayo 15.4 
(11.8–19.9) 

0.41 0.31–0.54 0.45 0.34–0.60 

Anta 24.4 
(20.3–29.1) 

0.65 0.52–0.79 0.77 0.62–0.96 

Calca 23.6 
(19.3–28.6) 

0.62 0.50–0.79 0.74 0.59–0.93 

Canas 21.4 
(17.6–25.8) 

0.67 0.46–0.71 0.69 0.55–0.87 

Canchis 39.8 
(34.3–45.5) 

1.05 0.89–1.25 1.18 0.99–1.41 

Chumbivilcas 21.5 
(17.7–26.0) 

0.57 0.46–0.71 0.68 0.54–0.85 

Espinar 38.6 
(33.7–43.8) 

1.02 0.86–1.21 1.16 0.97–1.38 

La 
Convención 

22.1 
(18.0–26.8) 

0.59 0.47–0.73 0.69 0.55–0.87 

Paruro 18.4 
(14.3–23.3) 

0.49 0.37–0.64 0.58 0.44–0.76 

Paucartambo 16.9 
(12.8–22.0) 

0.45 0.33–0.59 0.55 0.41–0.74 

Quispicanchis 26.4 
(22.1–31.2) 

0.69 0.57–0.86 0.80 0.65–0.99 

Urubamba 26.3 
(21.9–31.3) 

0.69 0.57–0.86 0.80 0.65–0.99 

TOTAL 29.9 
(28.3–31.5)     

Model adjusted by gender and urban/rural area. 
CI, confidence interval. 
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only on the adult population; thus, the behavior of the younger popu-
lation cannot be described. However, in Cusco, during the initial waves, 
nearly all activities involving minors were restricted, entailing limited 
access to public spaces and attendance at schools. This restriction 
resulted in a lower rate of COVID-19 transmission among children 
compared to adults [28,29]. Moreover, these restrictions on children 
adversely impacted their mental health, increasing the risk of anxiety 
and depression [30]. Consequently, the likelihood of contagion among 
children is expected to be lower than that observed in adults. 

In addition, the data were collected over a longer period (2 months), 
which could have affected the prevalence. Moreover, although the sec-
ond wave began in mid-February 2021 in Peru, its impact was delayed in 
the provinces of Cusco. Therefore, in many of them, the second wave 
likely only peaked after this study. 

Furthermore, the disparity between the expected seroprevalence 
(40%) and the observed seroprevalence (25.9%) may have introduced 
selection bias in the examined population, potentially leading to an 
underestimation of both the seroprevalence and the findings [31]. 
However, the transmission of COVID-19 depends on serotypes [32], 
which could have influenced the disease transmission patterns and 
seroprevalence during different study periods. Additionally, the ex-
pected seroprevalence was determined in three urban settings (Cusco, 
the peripheral area of the city, and Quillabamba) [10], which may have 
overestimated the seroprevalence in Cusco region, but this was the only 
preliminary study conducted in the region. 

On the other hand, there could have been challenges in interpreting 
regression coefficients due to the evaluation of COVID-19, a communi-
cable disease that generated interdependence among individuals 
through transmission chains, resulting in increased transmissibility and 
total number of infections. This situation posed difficulties in inter-
preting confounding factors and assessing the overrepresentation of 
other associations [33]. 

Conclusions 

The overall prevalence in the region of Cusco was 25.9%, although 
there were considerable differences between the provinces studied. The 
geographical diversity of the region of Cusco determines the different 
prevalence rates between its provinces, and rural areas typically have a 
lower prevalence, possibly due to natural social distancing or limited 
interaction with people at risk. The high percentages of susceptible 
people in rural areas suggest that these areas could face sudden increases 
in the number of cases of shortages in the hospital system. 
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