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Abstract

While the number of detected Monkeypox infections are widely available, an

understanding of the extent of undetected cases is urgently needed for an effective

tackling of its spread. The aim of this study is to estimate the true number of

Monkeypox (detected and undetected) infections in most affected countries. The

question being asked is: How many cases have actually occurred? We propose a

lower bound estimator for the true number of Monkeypox cases. The estimator is

data‐driven and can be easily computed from the cumulative distributions of weekly

cases. We focused on the ratio of the total estimated cases to the observed cases on

July 31, 2022: The proportion of undetected cases was relevant in all countries, with

countries whose estimated true number of infections could be more than three times

the observed one. We provided a practical contribution to the understanding of the

current Monkeypox wave and reliable estimates on how many undetected cases are

going around in several countries, where the epidemic spreads differently.

K E YWORD S

asymptomatic cases, capture–recapture methods, incidence indicators, Monkeypox

1 | INTRODUCTION

When an infectious disease outbreak starts, it's like a brush fire.

The flames are small and, in theory, can be contained if chains of

transmission are snuffed out before they spark more small fires

that eventually grow into a raging epidemic. Bragazzi et al.,1

Saxena et al.,2 and Siddiqui et al.3 are just a few examples of

research discussing information about the recent outbreaks of

human Monkeypox, epidemiology, transmission pattern, possible

diagnosis techniques, therapeutics, and available preventive

strategies.

The key to it all is testing,4 a lesson that we all painfully learned

early on with COVID‐19 and is once again confronting as Monkeypox

spreads across the world.

If that gap between test capacity and use persists, Monkeypox

could spread under the radar and become endemic in several

countries, despite being a much less transmissible, and thus more

easily containable, virus than, for example, the SARS‐COV‐2.

The appearance of Monkeypox cases in many parts of the world

suggests there may have been undetected transmission. But, “How

many undetected cases are going around?” is still an open question

we would like to give an answer. As stated by the WHO (https://

www.who.int/news-room/fact-sheets/detail/monkeypox), “the ex-

tent to which asymptomatic infection may occur is unknown,” and

thus the number of total infections is unknown. However, the topic

has been recently discussed by Ferré et al.5 and De Baetselier et al.6

on individual samples collected in France and Belgium. Both studies

acknowledge that certain cases of Monkeypox remain undiagnosed.

lllJ Med Virol. 2022;1–4. wileyonlinelibrary.com/journal/jmv | 1

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2022 The Authors. Journal of Medical Virology published by Wiley Periodicals LLC.

http://orcid.org/0000-0001-8377-9950
http://orcid.org/0000-0003-3866-9239
mailto:a.maruotti@lumsa.it
https://www.who.int/news-room/fact-sheets/detail/monkeypox
https://www.who.int/news-room/fact-sheets/detail/monkeypox
https://wileyonlinelibrary.com/journal/jmv
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjmv.28099&domain=pdf&date_stamp=2022-09-06


Up to our knowledge, there are no methodological, statistical

contributions to the estimation of undetected cases of the

Monkeypox outbreak.

2 | METHODS

Here, we are proposing a simple and effective method to obtain

reasonable point and interval estimates of the total number of

Monkeypox infections in several countries. The available data just tell

us a part of the story: individuals may be already infected but are not

aware of it, maybe because of the absence of symptoms, or cases

may be under symptomatic suspicion but the disease has not been

diagnosed yet (due to the lack of testing capacity). The total number

of cases is thus unknown, and general comments on the spread of the

epidemic are thus partial as based on a fraction of the total cases. It is

important to mention that in the first months of the Monkeypox

outbreak, no mass or systematic testing of the population had taken

place; it is very likely that the true number of infections is much

higher than the observed one.

In detail, we introduce an estimator based on a capture–recapture

(CR) approach. The CR method should be considered as the gold standard

for counting when it is impossible to identify each case and large

undercounts will occur.7 CR methods were originally developed in the

ecological setting with the aim of estimating the unknown size of a

(possibly elusive) population and then they started to be applied also to

epidemiological and health sectors (see Böhning et al.8).

We will denote withN(t) the cumulative count of infections at week t

where t= t0, …, tm. Hence, ΔN(t) =N(t)−N(t−1) are the number of new

infections at week t where t= t0 + 1, …, tm. Our primary outcome is the

number of weekly new cases of Monkeypox as reported by official

sources.9 We look at the most 10 affected countries worldwide, collected

from May 23, 2022 until July 31, 2022.

We apply a lower‐bound Chao estimator10 weekly wise: The

estimated number of undetected cases is given by the ratio between

the square of the frequency of those identified exactly once and of

those identified exactly twice. Here, ΔN(t) corresponds to the

infected people identified just once, and ΔN(t− 1) is the number of

those identified twice. To avoid bias estimates, we modify the lower

bound Chao estimator as in Böhning et al.,11 such that we are able to

give the estimate for the number of hidden infections as
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The final estimate of the total size of infection is then given as what

has been observed at the end of the observational window tm and the

estimate of the hidden numbers:

N t Htotal size of infections= ( ) + .m t0 (2)

The 95% confidence intervals are given by (see, e.g., Niwitpong

et al.12)
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3 | RESULTS

The sum of the dark number, that is, the estimated number of

undetected cases, and the observed cases is displayed in Table 1 for

each country, along with the 95% confidence interval (providing a

measure of uncertainty of the estimate) and the ratio between the

TABLE 1 Estimated total cases of Monkeypox for several countries, on July 31, 2022, with confidence intervals in brackets

Country Observed cases Lower bound for the estimated total number of cases Total estimate case/Observed cases

Brazil 1367 4303 (3865–4740) 3.14

Canada 676a 1511 (1321–1701) 2.24

France 1561a 4935 (4413–5456) 3.16

Germany 2591 5696 (5372–6019) 2.20

Italy 476 1024 (891–1156) 2.15

The Netherlands 876 2271 (1973–2569) 2.59

Portugal 565a 1029 (916–1142) 1.82

Spain 4260 13 141 (12 262–14 019) 3.08

United Kingdom 2473 7653 (6875–8433) 3.10

United States of America 5173 14 779 (14 396–15 162) 2.86

aData with up to July 24, 2022.
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estimated total cases and the observed ones, as a measure of how

severe is the impact on undetected cases on the spread of the

Monkeypox.

The obtained estimates are clear‐cut: The proportion of

undetected cases is relevant in all countries. There is, however,

some heterogeneity across countries on the impact of missed cases

on the total number of cases. In Brazil, France, Spain, and United

Kingdom, the number of infections could reasonably be more than

three times the observed number, and this is also reflected by recent

sharp increases in the number of observed cases. In Canada,

Germany, and Italy, the estimated number of cases is a bit above

two times the observed ones, with the Netherlands and the United

States of America lying in between, even though the situation in the

United States of America is likely to be more at risk. At last, Portugal

shows an estimated ratio below 2, that is, the missing infection

phenomenon is still rather limited.

4 | DISCUSSION

The proposed method answers to a fundamental open question: “How

many undetected cases are going around?” We remark that lower

bound of the number of total infections is provided, but this information

may be treated as a starting point whenever interventions and tools to

dampen the spread of the epidemic are rolled out. This is a relevant

result as it provides reasonable information to the policymakers about

the undetected cases and the magnitude of this phenomenon may have

at least, so that national health systems may be aware of the minimum

number of cases that may demand health care services.

The sudden appearance of Monkeypox in multiple countries

across the world indicates the virus has been spreading undetected

for some time outside the West and Central African nations where

it is usually found. Having an estimate of this phenomenon is

fundamental to apply nonpharmaceutical interventions to contain the

spread of the virus. And when a virus spreads cryptically like this, it

can be really hard to stop, and there's a chance it could become a

long‐term problem.

Further attention should be in place as cases may be undetected

because the disease looks different than what's described in medical

textbooks. The concern on how the virus might change, especially in

terms of how it spreads, is real: there's a possibility it has become

more contagious.

We believe it is not too late to contain Monkeypox. However, to

prevent onward spread, as a general guide, high‐quality data are required.

Indeed, when the poor quality of the data, as often happens at the

beginning of an outbreak, does not allow to correctly apply sophisticated

models, a robust data‐driven approach, like the CR approach here

proposed, could be used as a starting point for any analyses.

Contact tracing and isolating patients who have Monkeypox are

crucial to stopping the spread and are still the only tools we have at

the moment to manage the epidemic, along with strengthening

national surveillance.13 Vaccination should be recommended for all

contacts of positives and for at risk subjects.14

The proposed approach is simple and can be straightforwardly

applied by nonexperts. Being a nonparametric approach, we avoid

the specification of a distribution for the observed counts, which may

be restrictive at the beginning of the outbreak where the number of

observed weeks is very limited. Indeed, the proposed estimator can

be computed directly from the cumulative distribution of the infected

counts. Moreover, the code to obtain the estimates is available in the

asymptor package15 of the R software.

As it stands, the proposed estimator accounts neither for the

number of tested people nor for the number of weekly recovered

people. Testing capacity, as well as other external variables, could be

straightforwardly included as discussed in Böhning et al.16 or Dotto

and Farcomeni,17 with minor efforts. Similarly, to account for the

number of recovered, let us denote with D(t) the cumulative count of

recovered at week t where t = t0, …, tm. Hence, ΔD(t) =D(t) −D(t− 1) is

the number of new recovered at week t where t = t0 + 1, …, tm. The

proposed estimator is the given by
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where ΔN(t− 1) − ΔD(t) is set to 0 if it becomes negative. The variance

should be then modified accordingly. Unfortunately, none of these

two information, the number of tested and recovered people, is

currently available.
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