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Objectives: Case Reporting and Surveillance (CRS) are crucial to combat the global spread of the Monkeypox virus (Mpox). To support CRS, the World Health Organization (WHO) has released standardized case definitions for suspected, probable, confirmed, and discarded cases. However, these definitions are often subject to localized adaptations by countries leading to heterogeneity in the collected data. Herein, we compared the differences in Mpox case definitions in 32 countries that collectively reported 96% of the global Mpox caseload.

Methods: We extracted information regarding Mpox case definitions issued by the competent authorities in 32 included countries for suspected, probable, confirmed, and discarded cases. All data were gathered from online public sources.

Results: For confirmed cases, 18 countries (56%) followed WHO guidelines and tested for Mpox using species specific PCR and/or sequencing. For probable and suspected cases, seven and eight countries, respectively were found to have not released definitions in their national documentations. Furthermore, none of the countries completely matched WHO’s criteria for probable and suspected cases. Overlapping amalgamations of the criteria were frequently noticed. Regarding discarded cases, only 13 countries (41%) reported definitions, with only two countries (6%) having definition consistent with WHO guidelines. For case reporting, 12 countries (38%) were found to report both probable and confirmed cases, in line with WHO requirements.

Conclusion: The heterogeneity in case definitions and reporting highlights the pressing need for homogenization in implementation of these guidelines. Homogenization would drastically improve data quality and aid data-scientists, epidemiologists, and clinicians to better understand and model the true disease burden in the society, followed by formulation and implementation of targeted interventions to curb the virus spread.
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1. Introduction

In the domain of public health, Case Reporting and Surveillance (CRS) is a quintessential component in controlling the spread of communicable diseases in society. CRS enables real-time monitoring of the spread of the disease-causing pathogen not only within a specific community but also at a global level. Such surveillance allows for evaluation and prediction of the course of the disease, while contributing toward the formulation of targeted interventions to truncate the spread (1). Additionally, it enables the identification of the most vulnerable population groups (e.g., the older adult population in initial COVID-19 waves) (2), thereby facilitating moderation and diversion of the already scarce healthcare resources to those most in need.

Accordingly, the International Health Regulations (IHR) 2005, were adopted in 2007 by 196 countries and serve as a legally binding instrument that empowers the World Health Organization (WHO) as the main global surveillance system and requires the WHO to declare certain pathogens as public health emergency of international concern (PHEIC) (3). PHEIC is any hazard (radiological, chemical, and biological) that has the potential of international spread and requires an immediate and coordinated global response. The IHR 2005 require all signatory countries to develop and maintain the capacity to detect, assess, report, and respond to PHEIC(s). Despite the adoption of IHR 2005 more than a decade ago, the Centers of Disease Control and Prevention (CDC) estimates that about 2/3rd of the countries lack such capacities, thereby leaving the world population vulnerable (4). In the past, countries with potential violations of the IHR 2005 have gone by without suffering many serious consequences (5), attributable mostly to the lack of guidelines about the mandatory dispute settlement process or enforcement mechanism (5).

To aid the member countries, the WHO regularly releases interim guidelines and other relevant documentation for proper recording, isolation, and reporting of suspected, probable, and confirmed cases. However, experiences from previous epidemics and pandemics have highlighted that there is a lack of standardization when it comes to the international implementation of case definitions and surveillance guidelines (6). Taking the recent example of COVID-19, Suthar et al., found that in the 25 most affected countries, only 56% of the countries followed WHO’s recommended case definition for suspected cases (7). Similar findings were seen for probable and confirmed cases (7). This is not the first time such heterogeneity has been described (8, 9). In the European Union (EU), a review of maritime hygiene and disease control manuals also found variances in disease surveillance practices and called for a need for the implementation of common rules and tools (10).

Implementation and adherence to standardized case definitions allow for easy intra- and inter-country reporting and compilation of data, thereby enhancing the data quality. Such practices also allow for the maximum inclusion of population characteristics which is essential when preparing disease models. A test conducted by Krause et al., in Germany allowed the authors to analyze intra-country variations in the implementation of case definitions (11). The author’s work proved to be instrumental in overhauling the case reporting system in Germany and allowed for inclusive and more realistic reporting (11). Several calls in the past have been raised for the WHO to step up and homogenize the case-reporting hierarchy, however, differences in technical and financial capabilities in the lower- and middle-income countries (LMICs) often limit this exercise (6).

The latest biological PHEIC to be classified is the Monkeypox Virus (Mpox), a zoonotic virus endemic to the rainforests of central and western Africa (12). The virus has spread rapidly in the Global North and has been detected in more than 100 countries as of 30th January 2023. In response, the WHO released standardized case definitions (13) and two separate forms for case investigation (CIF) and case reporting (CRF) (14). The CIF is meant for in-depth epidemiological investigations while the CRF is a minimum dataset capturing the key epidemiologic parameters of monkeypox cases. Currently, the WHO mandates member states to submit the CRF for probable and confirmed cases under Article 6 of the IHR 2005 (13).

Given the possibility of differences in the implementation of WHO recommendations based on previous experiences, we henceforth, undertook the present study whereby we investigated how different countries adopted WHO’s Mpox guidelines and recommendations in terms of case definitions and case notification. We believe the results obtained in the present study would be useful to the international community at large, given the current spread of Mpox. Highlighting such discrepancies at earlier stages of the disease spread could potentially aid in proper implementation, capacity building, and updating of the respective national guidelines.



2. Methods

In the present study, we investigated data from 32 countries. These countries were included based on the following criteria: (i) most affected countries (the countries with the highest Mpox caseload); (ii) publicly available information on Mpox case definitions; (iii) release of such definitions by the country’s competent authority and (iv) access to the information. We additionally, excluded countries that are considered endemic and/or had been known historically to be the source of outbreaks. Accordingly, we included 17 out of 20 of the most affected countries along with 15 other countries with relatively low Mpox caseloads. The other three countries in the top 20 most affected countries—Nigeria, Democratic Republic of Congo, and Ecuador were not included due to historically known outbreaks in the first two and no case definition information found for the latter.

Information regarding Mpox case definitions for suspected, probable, confirmed, and discarded cases were collected and gathered from online public sources. Additionally, we collected information regarding which of the Mpox cases are required to be notified to the Health Officers/National Reporting Systems (NRS) by healthcare practitioners. For the data that was not available in English, for the following languages, the data was validated by the authors (native language speakers)—Dutch, French, Greek, Portuguese, Spanish, and Turkish. For other languages, we used bi-directional online language conversion (using Google Translate)—first from the language of the official document to English and then in the reverse direction (for accuracy). A list of sources used for each of the investigated countries along with full case definitions and their translations are provided in Supplementary File.

The investigated Mpox guidelines and documents were “current and in effect” in the respective countries as of January 2023 (based on available and accessible online data; there may be newer versions which are not immediately available online). The sources were last checked for updates on 25th January 2023. The study design was restricted to observational, cross-sectional, qualitative comparison (including descriptive statistics) and inferential statistical analysis was not undertaken due to the nature of the collected data. The STROBE checklist was used for reporting the data. Since the data analyzed are available publicly, ethical approval did not apply to the present study.



3. Results


3.1. Spread of Mpox across the investigated countries

Since May 2022, more than 81,000 cases of Mpox have been confirmed as of 31st January 2023 in the investigated 32 countries, representing almost 96% of the total cases reported globally (Figure 1). The United States of America (USA) reported the highest caseload (35.2%) followed by Brazil and Spain (12.6 and 8.8%, respectively). Together, these three countries account for more than 55% of all confirmed cases globally. Furthermore, nine of the 32 included countries reported Mpox-related deaths (70 deaths combined), accounting for 63% of all reported Mpox-related deaths worldwide. The highest number of deaths were recorded in the United States (27) followed by Brazil and Peru (15 each). India and Belgium each reported 1 Mpox-related death.

[image: Figure 1]

FIGURE 1
 Geographical distribution of Mpox caseload as of January 31, 2023 (confirmed cases only). Data source—United States Centers for Disease Control and Prevention (U.S. CDC; https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html; accessed February 1, 2023). Note that the map is only for illustrative purposes and the authors remain neutral regarding territorial disputes.




3.2. Case definitions for laboratory confirmed cases

The WHO’s guidelines for the classification of confirmed Mpox case requires the detection of unique sequences of the Mpox DNA using either (i) polymerase chain reaction (PCR) or (ii) sequencing (Table 1). Furthermore, PCR conducted on blood samples is not considered diagnostically sufficient and should not be used as a stand-alone first-line diagnostic tool. The primary sampling for PCR should be done from the skin lesion material or other specimen such as an oral or nasopharyngeal swab. We observed that all countries required molecular testing with PCR as a pre-condition for classification of cases as “Mpox positive.” Noticeably, 11 countries also accepted generalized Orthopoxvirus detection by Nucleic Acid Amplification Tests (NAATs) which may or may not be followed up by Mpox specific sequencing. Furthermore, only 18 out of 32 countries mentioned sequencing as a criterion for confirmed cases. Australia and Sweden also accepted isolation of virus in culture (represents one of the most precise techniques to demonstrate active reproduction of the virus) as a criterion for confirmed cases. Germany, on the other hand, accepted positive electron microscopy results as an additional criterion.



TABLE 1 Criteria for defining Mpox confirmed case in the investigated countries.
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3.3. Case definitions for probable cases

According to WHO, an individual is classified as a probable case of Mpox if the individual meets the clinical criteria along with one or more of several additional criteria (Table 2). The clinical criteria require that an individual present with either an unexplained acute rash, mucosal lesions, or lymphadenopathy. There are five additional criteria described by WHO for the probable case definition—(i) epidemiologic link to a probable or confirmed case in the 21 days prior to symptom onset; (ii) identified as gay, bisexual, or other man who has sex with men; (iii) multiple or casual sexual partners in the 21 days prior to symptom onset; (iv) detectable levels of anti-orthopoxvirus (OPXV) IgM or IgG antibody titers; and (v) positive test result for orthopoxvirus infection.



TABLE 2 Criteria for defining Mpox probable (or likely) case in the investigated countries.
[image: Table2]

Seven of the investigated countries (Argentina, Costa Rica, Cyprus, Denmark, Greece, Sweden, and Turkiye) did not report case definitions for probable cases. Among the remaining countries, presence of unexplained rash in any age group patient after March 1, 2022, and high-risk contact with confirmed or probable case were noted as the most common criteria (Table 2). More than half of the countries also included an additional criterion (when compared with WHO’s guidelines) of travel to endemic regions in Africa in the last 21 days of symptom onset. Only the United States uses serological criteria for probable cases. For countries with animal to human transmission, WHO states that known contact with wild animals (dead or alive) and/or sick animals in the 21 days before the onset of symptoms should be included in the epidemiological criteria. Austria and Colombia were the only two countries to issue guidelines in this regard.

Interestingly, only six countries—Belgium, Netherlands, New Zealand, Poland, Spain, and United Kingdom—included identification of patient as gay or MSM (men who have sex with other men) community member as a criterion in the case definition of probable cases. Netherlands also considers a female partner of a man who (also) has sex with men as epidemiological criteria. Both Poland and New Zealand also included prolonged and close exposure without respiratory protection and contact with contaminated materials, such as bedding and bath linen or utensils for common use belonging to a probable or confirmed case within the last 21 days of symptom onset as criteria for probable case. Healthcare workers meeting suspected case definition and improperly using personal protective equipment who got in contact with probable or confirmed case were also considered as probable case in these two countries.

Australia additionally accepts electron microscopy results for defining probable cases (while Germany used the technique for confirmed cases). United States, on the other hand, accepts immunohistochemistry and genomic sequencing results for probable case definitions. Application of diagnostic electron microscopy (EM) can provide initial results within minutes and can successfully aid in excluding majority of differential diagnosis (15). However, it must be followed by more specific tests since EM cannot identify different viral species.



3.4. Case definitions for suspected cases

The WHO defined a suspected case as an individual fulfilling either of the two criteria. The first criteria included epidemiological contact with a confirmed or probable Mpox case in the 21 days before the onset of signs or symptoms and who presents with any of the following—acute onset of fever (>38.5°C), headache, myalgia (muscle pain/body aches), back pain, profound weakness, or fatigue. The second criteria included clinical criteria (unexplained acute skin rash, mucosal lesions, or lymphadenopathy) and testing criteria (exclusion of other common causes of acute rash or skin lesion and testing for Mpox in case of co-infections).

We found that eight countries did not report case definitions for suspected cases (Austria, Colombia, Germany, Ireland, Mexico, New Zealand, Peru, and Poland). Austria previously defined suspected cases separately but in the updated 2023 guidelines, the country defines suspected and probable cases singly as probable cases. Similarly, Mexico removed the definition of suspected cases in the updated August 2022 guidelines. Though the exact rational is not immediately clear behind these changes, we suspect these changes would streamline the reporting process (in line with WHO recommendations) and provide for a binary classification of cases for the medical personnel.

Interestingly, New Zealand has a classification category called “Under Investigation” that is defined as a person that has been reported to a Medical Officer of Health, but information is not yet available to classify it as confirmed, probable or not a case. Among the other countries, unexplained acute skin rash and fever were found to be the most used clinical symptoms, followed by lymphadenopathy and headache (Table 3). Belgium and Brazil were the only country (in line with WHO guidelines) that recommended testing for Mpox in highly suspicious cases in whom an alternative pathogen has been identified to check for co-infections.



TABLE 3 Criteria for defining Mpox suspected (or possible) case in the investigated countries.
[image: Table3]

For epidemiological criteria, only 46% of the countries fulfilled WHO criteria. For suspected cases, United States was the only country to include contact with infected animal as one of the many possible epidemiological criteria. Interestingly, many countries did not clearly divide the criteria for suspected case in the manner prescribed by WHO. Overlapping amalgamations of the two criteria were seen in most countries (refer to Supplementary File for individual country definitions).



3.5. Notifiable cases

According to the WHO, national authorities should collect data for all cases that meet the case definitions for probable and confirmed cases. The data pertaining to suspected cases should be maintained at national level. Accordingly, we found that 12 countries (38%) followed the WHO guidelines, with seven countries asking medical practitioners to additionally notify suspected cases (Table 4). Germany, Netherlands, Sweden, and Switzerland require notification for only confirmed cases while nine countries (28%) required notification of confirmed and suspected cases. Noticeably, Netherlands, downgraded reporting of cases from group A (confirmed and probable cases) to group B1 (only confirmed cases) as of 15th December 2022.



TABLE 4 Differences in notifiable cases based on surveillance definitions.
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3.6. Case definitions for discarded cases

According to the WHO, a discarded case is a suspected or probable case for which laboratory testing of lesion fluid, skin specimens or crusts by PCR and/or sequencing is negative for Mpox (should be done on a sample other than blood specimen). Thirteen out of 32 of the investigated countries (41%) reported definitions for discarded cases or reported exclusion criteria for cases to be classified as suspected, probable, or confirmed for Mpox infection. However, of these countries only Chile and Italy had definitions that were in line with WHO recommendations (Table 5). Spain and United States remained ambiguous in terms of accepted laboratory tests (e.g., Spain does not mention sequencing for confirming cases while United States additionally accepts viral isolates from culture as described in Table 1). Brazil and Costa Rica on the other hand, mentioned only suspected cases with negative laboratory investigations as discarded case.



TABLE 5 Definition of discarded cases according to national guidelines in the investigated countries.
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4. Discussion

The current multi-country outbreak of the Mpox virus is a rapidly evolving situation, one that requires constant modifications and adaptations to the management and surveillance guidelines as the virus spreads. Subsequently, the WHO released interim guidelines for case recording and categorization for the member states with the aims of (i) identifying new clusters/outbreaks to provide appropriate clinical care; (ii) stopping human-to-human transmission by isolating identified cases and contact tracing; (iii) minimizing zoonotic transmission; and (iv) tailoring a coordinated global response by identifying risk groups and protecting frontline workers (13). Furthermore, the WHO has prepared a macro-enabled Microsoft Excel form that is available for member countries for data collection. The use of Go. Data platform has been recommended by the WHO for facilitation of local capture, analysis, and/or sharing of the Mpox data (13).

Although, the WHO states that the national public health authorities may adapt these recommendations and definitions based on local situation, these basic definitions for case classification were published considering the varied circumstances and capacities in all member states (13). Herein, we noticed that there are significant differences in terms of implementation and adaptation of these guidelines in the 32 investigated countries. In fact, most countries have adopted the guidelines based on the principles of ALARA (as low as reasonably achievable), something seen also during the COVID-19 pandemic (8). For example, the United States included human contact with infected animals (or products from such animals) as a criterion in the definition of a suspect case. The WHO states that this criterion is for countries with known ongoing zoonoses. However, past experience with Mpox outbreaks in the United States might have prompted such inclusion.

Case data aggregating databases such as Our World in Data (OWID; available from https://ourworldindata.org), European Centers for Disease Control and Prevention (ECDC), John Hopkins University, WHO, and others have all highlighted the discrepancies in their datasets, most of which could be traced to incomplete data collection at source and intra- and inter-country heterogeneity in guidelines, infrastructure, and indicators (16). These discrepancies are best appreciated when one investigates time series and/or comparative series. Probable causes of such ALARA adaptations stem from differences in the testing capabilities, resource scarcity, legislative delays in updating guidelines, economic capacity, insurance coverage, privacy laws etc. (8, 9). Although data modeling could be applied to overcome the ALARA heterogeneity, the very reliability of these models on previously collected data limits their accuracy and applicability in international comparisons.

Besides the ALARA adaptations, some points within the core WHO recommendations may require further consideration. For example, requiring only RT-PCR or sequencing for a confirmed case is both very limiting and not sufficiently targeted. While versatile, PCR is highly susceptible to contamination and can have varying sensitivities depending on manufacturer and end user. (17, 18). In addition, poor assay design (including primers) and sampling may result in false negative results by lowering the limit of detection (LOD) of the Mpox PCR (19). These challenges can be overcome by comparing PCR results with a previously validated and quantitated endogenous positive control. However, even this approach has its limits. Currently, the WHO guidelines require the use of a positive control that is easily detectable at low levels. But the guidelines do not ascertain what is an “easily detectable” limit (19). Furthermore, some PCR manuals describe LOD as copies/mL or copies/PCR reaction, neither of which are standardized metrics for certain clinical samples such as crusts and dry swabs (20). Although not the main goal of primary diagnostics (20), viral load quantification is still useful for future epidemiologic and standardization studies that determine LOD for designing future assays.

On the other hand, it is also plausible that Mpox PCR may produce false-positive results. There is a potential risk of cross-contamination between samples from positive and negative patients tested simultaneously in the laboratory (19). In an ideally set up PCR reaction, one would expect Cq (cycle of quantification) values to be low, an indication of high viral load in the sample. The mean Cq values for Mpox PCR tend to vary depending on sampling site (±standard deviation): 23 ± 4 Cq for skin lesions, 27 ± 7 Cq for anorectal swab specimens, and 32 ± 6 Cq for pharyngeal specimens (21). Sequencing, on the other hand, is limited by the associated downstream processing costs, technical expertise, and transportation of bulky equipment. In countries with limited experience, sequencing is hence, not the optimal method for diagnostic purposes. This may have led countries in Latin America (Argentina, Chile, Colombia, and Peru) not to include sequencing as a diagnostic criterion for confirmed cases. However, experience from the Ebola outbreak shows that relatively portable sequencing devices could be used to support epidemiological investigations in remote locations (22). We believe that the classification of cases based on laboratory findings alone may not be reasonable because of the possibility of false positives and false negatives (albeit in a small number of cases). Hence, for targeted and accurate testing and interpretation of results, it is important that clinical findings should also be included as additional criteria in confirmed case definitions.

Interestingly, parallels can be drawn between the initial approach to HIV (human immunodeficiency virus) and Mpox. Both viruses have been thought to be more transmissible among the gay, bisexual, and MSM communities. The stigma rising from the HIV epidemic is still prevalent in society, despite the implementation of countless public education programs and equal rights legislation (23, 24). In fact, a qualitative study published recently revealed that apart from fear of rejection from partners, family, and friends, intersectional stigma from healthcare providers and concerns about privacy and safety at healthcare services were equally important concerns in the MSM community (25). Since the onus for getting tested lies with the patients (based on symptom development), such associated negative perception about the neutrality of the healthcare system risks under-testing and under-reporting of the cases. Inclusion of specific criteria concerning one’s belonging to the MSM community in the probable case definition could potentially have long-term consequences. Perhaps, we think this might have led to multiple countries not adopting or dropping this criterion in their national iterations (Table 2).

In the European countries, there has been evidence of this relationship in a number of studies. The number of HIV diagnoses in the MSM community has been negatively correlated with the level of homosexual stigma (26, 27). Four of the five European countries that retained the criterion of belonging to the MSM community scored high on the Rainbow Index (RI). RI is a scoring system ranging from 0 (few rights) to 100 (well protected) that assesses legal protection, rights, access to health care, and hate speech in European countries (28). Poland was an exception, ranking in the bottom 10 of the scoring list. Contrarily, Denmark, Portugal, and Sweden were outliers, as they did not include this criterion despite their high ranking in the RI. New Zealand, on the other hand, is known worldwide for its liberal civil rights (as evidenced by its military ranking first in the LGBT Military Index). In fact, a positive correlation between the RI and the cumulative incidence of Mpox in the European countries was recently demonstrated (29).

Beyond surveillance, in clinical settings case definitions are critical for patient screening and identification that require isolation, further confirmatory testing, and contact tracing (30). For example, a turnaround time of fewer than 24 h from receipt of the specimen for PCR testing is preferred by the United Kingdom Health Security Agency (UKHSA) (31). However, experience from the US CDC shows that the median laboratory turnaround time from specimen receipt to reporting results was 30.7 h (32). Shorter turnaround times serve two purposes—first, to ensure that the patient receives appropriate care as quickly as possible, and second, to reduce the likelihood of nosocomial infection if the patient has not been properly isolated (33). Given that the family physicians/primary care providers are the first-to-detect Mpox infection in most cases (16), it is critical that doctors in such settings be properly trained and made familiar with both national and WHO case reporting guidelines.

Presently, the WHO recommends that for case identification, primary care clinics, sexual health clinics, emergency departments, dermatology clinics and other such primary care providers should employ a “simplified questionnaire and screening protocol based on the WHO case definition adapted to local epidemiology” (30), whereby adaption to the local epidemiology refers to situations when considering the differential diagnosis of infectious causes of the rash, fever, and lymphadenopathy (for classifying suspected cases). Furthermore, WHO has explicitly recommended member states test suspected cases for Mpox (using PCR/sequencing), a condition that has been adopted only by Belgium and Brazil in the national guidelines (Table 3).

The results from our comparisons also shed light on the near future challenges ahead. Selective adaptation of the guidelines—with some countries applying more stringent criteria (over-reporting) and others using more flexible criterion (under-reporting)—could lead to creation of artificial resource bottlenecks and discrepancies in the number of cases reported, thereby disproportionately demonstrating the true disease burden in the respective countries. Poor implementation of case definitions might superficially increase the number of suspected or probable cases that are reported to the healthcare system. However, upon confirmatory testing, this could lead to lesser test positivity rates and high rates of misdiagnosis, raising safety concerns (33). At the same time, this approach not only increases the demand of the confirmatory tests, but also balloon’s state expenditure for covering/subsidizing the associated costs.

According to the CDC, Mpox specimens should be handled in Biosafety Level 2 facilities. The CDC also recommends that all laboratory personnel involved in handling Mpox specimens be vaccinated against smallpox (within the past 3 years). If vaccinated personnel are not available, laboratory work may be performed in level 2 facilities, but must follow more stringent level 3 procedures (34). These requirements could also prove to tighten the testing resources available in the countries since majority of the personnel might not be vaccinated against smallpox and Level-3 procedures could take time for adoption and standardization in a Level-2 facility. This might prove to be extremely detrimental to societies applying more stringent criteria since about half of the countries have included travel to affected country as an additional epidemiological criterion in their guidelines. Though the guidelines do not mention what is meant by “affected,” it is reasonable to speculate that countries with higher reported caseloads would be considered and stigmatized. Differences in the notifiable cases (Table 4) are another example demonstrating our argument.

It is clear that the WHO guidelines need further standardization and consideration so that countries can better adapt and adjust case definitions. Indeed, publication of standardized guidelines are not enough; they merely act as a broad framework. Apart from the technical and logistical factors, attention should also be paid on access to facilities and reagents. Public opinions (religious, social, political) and education are other important factors that need to be considered. The current definitions will have implications, especially if a state considers Mpox a high-consequence infectious disease and orders a home quarantine. Unsurprisingly, analysis of the performance of COVID-19 case definitions showed that complex case definitions (multiple criteria, use of OR/AND) are doubly limited clinically. On the one hand, such definitions fail to identify those at highest risk of developing severe outcomes, while on the other hand, they fail to identify patients with common infectious symptoms such as cough and fever (33).

International coordinated collaboration and efforts are needed for sharing experiences, knowledge, and technical capabilities. This would allow for consistent reporting and surveillance recommendations, thereby harmonizing global data reporting processes and promoting a better understanding of outbreak evolution. Examples of such collaborations were seen during the COVID-19 pandemic (35). The European Observatory on Health Systems and Policies created the COVID Health System Response Monitor, a specialized tool reporting on the public health policies adopted by various countries in the WHO European region during the pandemic (36, 37). The role of non-state players and funders like Bill & Melinda Gates Foundation is equally critical for upgrading existing capabilities. While the data will be made available by the countries to the WHO and other public sources, it will also be necessary to provide incentives to legislators to facilitate the implementation of infrastructural and technological measures as well as legislation. A not-for-profit approach should be a priority, as should the provision by WHO of guarantees of fair use of the data reported. The WHO should ensure that the case of the non-authorized, third-party sharing of data is not repeated (38).

It should be noted that local adaptations of the WHO case reporting definitions are not always made on a voluntary basis, but rather out of necessity in most countries. As stated previously, WHO endorses and encourages such national iterations (13). Such an approach would certainly change the dynamics of regional and international comparisons, while ensuring effective triage of patients. It remains to be seen whether adopting separate clinical and epidemiological guidelines would facilitate and standardize the process of collecting data (33). Though similar for the majority part, United States issues two separate guidelines—clinical1 and epidemiological.2 For example, the definition for confirmed cases is similar in both guidelines except that in clinical guidelines, isolation of Mpox virus in culture from a clinical specimen is also accepted. Other noticeable difference was the definition of discarded cases which was available only in clinical guidelines but not in the epidemiological guidelines.

A similar scenario was observed for provincial definitions and case notification guidelines in neighboring Canada. British Columbia (B.C.) follows national Canadian case definitions and require notification of only confirmed and probable cases. Ontario, on the other hand, requires notification of confirmed, probable, suspected, and person under investigation. Person under investigation was defined as an individual awaiting NAAT results or an individual who does not fulfill the criteria for other case definitions.3

Nonetheless, our findings are constrained by certain limitations. Firstly, since the virus is currently circulating and spreading to newer countries, not all countries have released guidelines that could have helped us to get a broader picture. Secondly, the guidelines and case definitions are subject to revision as our clinical knowledge about the management of the virus evolves. As an example, in the June 2022 interim guidelines, WHO considered “hospitalized due to the illness” as a criterion for probable case, which was later dropped in the August 2022 guidelines. Yet, we noticed that Italy, Portugal, and South Africa still considered hospitalization as a valid criterion (since the national guidelines in these countries have not been updated to the August guidelines).

We assume that in the later studies, such variations would be corrected for and might not be observed. Nonetheless, we fear that these efforts would become difficult as Mpox cases decline globally. For example, the ECDC has now discontinued the publication of Mpox epidemiological reports as of 28th February 2023. Finally, we could not compare the effect of changes in case definitions with the number of reported cases. Austria and Mexico, for example, removed suspected case definitions in their national guidelines. The effects of this change are not possible to visualize since the countries notified only probable and confirmed cases. Hence, the on-ground risk–benefit analyses of these changes are hard to quantify.



5. Conclusion

The WHO’s guidelines for Mpox surveillance are constantly being modified and adapted to the rapidly evolving situation. In their current form, these guidelines serve more as a broad framework than a set of prescriptive rules, as evidenced by the significant variation in implementation and adaptation of these guidelines among the member states. However, these variations could be compounded when comparing provincial guidelines. Such variations arise due to the differences in testing capacity, resource constraints, legislative delays, economic resources, cultural believes, and data privacy laws. In addition, some issues within the core WHO recommendations, such as the use of RT-PCR or sequencing alone for a confirmed case, may require further consideration. False-positive and false-negative results may occur due to the limitations of PCR and sequencing. The inclusion of clinical findings as additional criteria in case definitions would allow for targeted and accurate testing and interpretation of results.

Adequate case ascertainment and reporting based on up-to-date case definitions is the cornerstone for monitoring and forecasting the global spread of the virus. The quality of data collected can be dramatically improved, fair comparisons between countries/regions can be made, and collective international public health policy can be formulated by using standardized definitions provided by the WHO. In addition, GPs should familiarize themselves with both national and WHO guidelines when reporting cases to national reporting systems.
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Footnotes

1   https://www.cdc.gov/poxvirus/mpox/clinicians/case-definition.html

2   https://ndc.services.cdc.gov/case-definitions/monkeypox-virus-infection/

3   https://www.health.gov.on.ca/en/pro/programs/publichealth/oph_standards/docs/smallpox_chapter.pdf
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Notifiable cases based on surveillance  Number of countries Countries

definitions
Confirmed cases only 4 Germany', Netherlands, Sweden, and Switzerland
Australia?, Austria, Canada, Colombia, France’, Ireland, Mexico,
Confirmed and probable cases (WHO recommended) 12
New Zealand, Peru, Poland, United States, and United Kingdom®
Argentina, Costa Rica, Belgium, Brazil, Cyprus, Denmark, Greece,
Confirmed and suspected (or possible) cases 9
South Africa, and Turkiye
Confirmed, probable, and suspected cases 7 Chile, India, Italy, Jamaica, Portugal, Spain, and UAE

‘Germany requires reporting of lboratory confirmed cases that can either (i) fulfil linical riterias (i) have unfulfilled clinical criteria; or i) have unknown clinical picture.
‘Australia requires notification of suspected cases only to the sate and territory public health units and not to the national surveillance authorities.

“Apart from confirmed and probable cases, France requires mandatory reporting of possible (suspected) cases that are exempt from testing (criteria or exemption areif the clinical
symptoms are suffciently suggestive, there is a context of risk of exposure (o the virus, there are o signs of eriousness, and the diagnoses differentials have been ruled out).

‘Poland requires reporting of suspicious cases (after considering other causes of symptoms and considering epidemiological connections). However, when reporting to ECDC and WHO,
Poland reports confirmed, suspected, and probable cases.

‘United Kingdom requires reporting of confirmed and highly probable cases (person with an orthopox virus PCR positive result in 2022 and where monkeypox remains the most ikely
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on

A suspected or probable case for which laboratory testing of lesion fluid, skin specimens or crusts by PCR and/or sequencing is
World Health Organization (WHO)
negative for Mpos (should be done on a sample other than blood specimen).

If the laboratory diagnostic examination of the suspected (considered same as probable) case does not provide any indication a

Austria ‘monkeypox virus infection, the suspected case is an “excluded case” and cease any offcial action.

et Suspected case with negtive or undetectable laboratory result for monkeypox virus (Mpox) by molecular diagnostcs (real-time PCR
and/or sequencing).

Chile Suspected or probable case for which PCR and/or sequencing are negative for monikeypos.

. Probable case in which sample was taken, preserved, and processed in adequate manner forlaboratory diagrosis and the result was

Colombia o

Costa Rica Suspected case for which laboratory tests by PCR (real-time PCR), and/or sequencing are negtive in properly collected samples.

Cyprus Upon a negative laboratory resl,patients cease to be considered as outbreaks of monkeypor

Greece Upon a negativ laboratory reult,patints cease to be considered as outbreaks of monkeypor.

Taly A suspected or probable case for which laboratory tests using PCR and/or sequencing are negtive for Mpor.

i A probable case with a negative result to real-time PCR test (qPCR) or identification by sequencing that has been issued by the InDRE
company.

New Zealand A person that has been investigated and subsequently found not to meet the case defnition (called as ot a case).

- A person whose cause ofacute rash has been identified based on clnical diagnosis or epidemiological connection. However, o
comply with the definition of probable case one must obtain and test sample for Mpor considering possble coinfection.

S Suspected or probable casein which the lsboratory resultin samples of high quality has been negative.

A case may be excluded as a suspect, probable, or confirmed case if: An alternative diagnosis can fully explain the illness OR An
United States individual with symptoms consistent with monkeypox does not develop a rash within 5 days of illness onset OR A case where high-

quality specimens do not demonstrate the presence of Orthopoxvirus or Mpox virus or antibodics to Orthopoxvirus.
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Country Clinical Criteria Additional Criteria (must fulfill one or more along with clinical criteria)

Unexplained Mucosal Lymphadenopathy Epidemiological Travel to Identifies as Multiple Detectable
acute skin rash!  lesions? link? endemic  gay, or MSM sexual  IgM or 4x rise
regions* community partners® in IgG® infection”
member

World Health

Organization X X X X X X
(WHO)

Australia® X X X X
Austria® X X X X X X X
Belgium* X X X X X

Brazil*s X X X X

Canada” X X X

Chilets X X X X

Colombia' X X X X X

Frances) X X X X

Germany* X X X X

Indiatt® X X X

Ireland! X X X X X

Ttalytein X X X X X X
Jamaica®** X X X

Mesico! X X X

Netherlands'* X X X X X X

New Zealand* X X X X X X

Perut® X X X X

Poland! X X X X X X
Portugal‘st X x X X X

South Africa®' X X X X X X
Spain' X X X X X X

Switzerland®s X X

UAE" X X X X X

United Kingdom X X X X X

United States' X x
Total 24125 (96%) 13/25 (52%) 19125 (76%) 22/25 (88%) 13/25 (52%) 6/25 (24%) 14/25 (56%) 1125 (4%) 6/25(24%)

“The skin rash may include single or multiple esions in the ano-genital region or elsewhere on the body.
‘Mucosal lesions may include single or multiple oral, conjunctival, urethral, penile, vaginal, or ano-rectallesions. Anorectallesions can also manifest as ano-rectal inflammation (proctits),
pain andJor bleeding.

“The person has been exposed to a probable or confirmed monkeypox case in the 21 days before symptom onset. For countries with animal to human transmission, known contact with wild
animals (dead or alive) and/or sick animals in the 21 days before the onset of symptoms is included as epidemiological critria.

“The person has traveled to Mpox endemic African regions in the 21 days before symptom onset [Benin, Cameraon, the Central African Republic, the Democratic Republic of the Congo,
Gabon, Ghana (identified in animals only), Ivory Coast, Liberia, Nigeria, the Republic of the Congo, Sierra Leone, and South Sudan].

“The person has had multiple and/or casual sexual partners i the 21 days before symptom onset.

“The person has detectable levels of anti-orthopoxvirus (OPXV) IgM antibody (during the period of 4-56 days after rash onset); or a 4-fold ise in IgG antibody titer based on acute (up to day
5-7) and convalescent (day 21 omwards) samples; in the absence of a recent smallpox/monkeypox vaccination or other known exposure to OPXV. Note that serology is not first line diagnos
modality for Mpox and should be used for retrospective case classification when PCR skin lesion testing was not possible or for research purposes.

“The person has a positiv test result for orthopoxviral infection done on a sample other than blood specimen (e.g., OPXV-specific PCR without Mpox-specific PCR or sequencing).
‘Australia also accepts detection of orthopoxvirus by electron microscopy from clinical specimens in the absence of exposure to another orthopoxvirus. Additionally,in cliical criteria,
Australia also mentions history of fever (>38°C), headache, myalgia, arthralgia, fatigue, and back pain.

“Aust I criteria additionally accepts fever (>38.5°C), myalgia, arthralgia, cephalgia, back pain, painful lymphadenopathy (localized or generalized), and fatigue (prodromal stage).
Additionally, contact with rodents or non-human primates in or from affected areas that allows animal-to-human transmission and occupational exposure to smallpox viruses are also
considered as criteria in the case definition.

Belgium also considers following symptoms for Mpox infection—fever (usually high >38.5°C), headache, back ache, and fatigue.

“Brazil, Chile, India, taly, Jamaica, Portugal, South Africa, Switzerland, and UAE requires probable cases to meet the definition of suspected cases.

‘Brazil, Canada, France, India, Italy, Jamaica, New Zealand, Peru, Poland, Portugal, and South Africa also consider prolonged and close exposure without respiratory protection and contact
with contaminated materials, such as bedding and bath linen or utensils for common use belonging to.a probable or confirmed case within the last 21 days of symptom onset as criteia for
probable case. Healthcare workers meeting suspected case definition and improperly using personal protective equipment who got in contact with probable or confirmed case are also
considered as probable case.

Canada, India, Jamaica, and Peru considers travel history to or residence in a location where monkeypox is reported in the last 21 days of symptom onset a criteria for epidemiological link.
“Chile and France for epidemiological criteria requires contact with confirmed cases only.

‘Chile and India additional clinical symptoms included in case definition include headache, sudden onset of fever (>38.5°C), myalgia, back pain, and asthenia (weakness).

Colombia also considers following symptoms in clinical criteria—fever, sore throat, myalgia, and headache. Additionally, Colombia considers contact with live or dead animal potential
reservoirs of the virus in African region as epidemiological criteria. It also considers travel to countries with confirmed outbreak as another criteria.

France additionally considers fever (>38°C) and odynophagia as clinical criteria. In epidemiological criteria, France also considers unprotected contact <2m for 23 with probable or
confirmed symptomatic case.

‘Germany refers to probable cases as “Clinically-epidemiologically confirmed disease” Clinical criteria also include fever, and disease-related death.

Ireland, Italy, Jamaica, Mexico, Netherlands, Poland, Spain, and South Afica considers following clinical symptoms in probable case definition-—-acute illness with fever (>38.5°C), headache,
myalgia, arthralgia, back pain, and astheni
“Italy; Portugal, and South Africa also considers any hospitalized person due to Mpox-like llness as probable case.

‘Netherlands also considers a female partner of a man who (also) has sex with men as epidemiological criteria. Netherlands refers to probable cases as “Likely case”
“Peru also considers following clinical symptoms in clinical criteria—fever, fatigue, muscular pain, vomiting, diarrhea, shaking chill, throat pain, and headache.
“Portugal also considers sudden onset fever (>38.0°C), asthenia, myalgia, back pain, and headache as clinical symptoms. Portugal uses definition of high-risk contacts for all epidemiological
contacts

‘Switzerland considers either fever (or flu like symptoms) with acute rash or fever or rash with epidemiological link as definition for suspected and probable case.

'UAE considers acute rash interchangeable with fever (>38.5°C) and requires at least two or more of the following clinical symptoms to be present in the patient—headache, myalgia (muscle
pain/body aches), back pain, and asthenia.

‘United States characterizes probable case as case with no suspicion of other recent Orthopoxvirus exposure (e.g., Vaccinia virus in ACAM2000 vaccination) and no laboratory e
infection with another non-variola orthopoxvirus. Further, demonstration of orthopoxvirus DNA by molecular testing of a clinical specimen or orthopoxvirus using immunohistochemical or
genomic sequencing testing methods is required for probable case definition,

nce of
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Country Criteria 1

Criteria 2

Epidemiological Clinical criteria Clinical criteria?

criteria® "
Acute onset Headache Myalgia Back Profound Unexplained Mucosal

Fever>38.5°C pain  weakness acute skin lesions
or fatigue rash

World Health

Organization x X X X X x X X
(WHO)

Argentina* X X X X X X X X
Australia ™ X X X X X X X X
Belgium ¢ X x X X x X

Brazil ¢ X X
Canada® X X X X % X X
Chile ! X X X x X X

Costa Rica " X X X X X X X X
Cyprus X X X X X X

Denmark < X X X x X X X
France X X X
Greece ¢ X X X X X X

India® X X X X

Taly X x X X X X

Jamaica X X X X X X

Netherlands X X X x x X X
Portugal! X X X X X X X
South Africa X X X X X X

Spain* X X X X X

Sweden' x

Switzerland X X X

Turkiye < X X X X x X

UAE X X X X X

United X 4 X X X X X
Kingdom *

United States X X X b4
Total 11724 (46%) 22124 (92%) 1924(80%) | 16/24(67%) 17724 18/24(75%) 22124 (92%) 11724 (46%)

(71%)

‘A person who s a contact of a probable or confirmed monkeypox case i the 21 days before the onset of signs or symptoms. For countries with animal to human transmission, known contact
with wild animals (dead or alive) and/or sick animals in the 21 days before the onset of symptoms i included as epidemiological criteria

'A person presenting since 01 January 2022 with an unexplained acute skin rash, mucosal lesions, or lymphadenopathy (swollen lymph nodes). The skin rash may include single or multiple
lesions in the ano-genital region or elsewhere on the body. Mucosal lesions may include single or multiple oral, conjunctival, urethral, penile, vaginal, or ano-rectal lesions. Ano-rectallesions
can also manifest as ano-rectal inflammation (proctitis), pain and/or bleeding,

‘Differentials include varicella zoster, herpes zoster, measles, herpes simplex, bacterial skin infections, isseminated gonococcus infection, primary or secondary syphilis, chancroid,
lymphogranuloma venereum, granuloma inguinale, molluscum contagiosum, allergic reaction (e.g. to plants) and any other locally relevant common causes of papular or vesicular rash. It s
not necessary to obtain negative laboratory results for listed common causes of rash llness in order to classfy a case as suspected.

I suspicion of monkeypox infection is high due to either history and/or clinical presentation or possible exposure to a case, the identification of an alternate pathogen which causes rash
liness should not preclude testing for Mpos, as co-infections have been identified

“Argentina and Costa Rica additionally considers contact with contaminated materials—such as clothing or bedding used by suspected or confirmed case, close contact without respiratory
protection, and sexual intercourse with multiple partners in the past 21 days of symptom onset as epidemiological criteria.

“Australia considers fever >38°C or history of fever as criteria for clinical evidence along with extra symptom of arthralgia.

‘Australia, Costa Rica, Cyprus, Denmark, France, Greece, and United States additionally considers overseas travel (especially to endemic regions) in the 21 days before symptom onset and
sexual contact and/or other physical intimate contact with multiple partners (of any orientation) and/or a gay, bisexual, or other man who has sex with men in the 21 days before symptom
onset as epidemiological criteria

‘Belgium, Brazil, Chile, Cyprus, Greece, India, and United States define acute onset rash as unexplained generalized or localized maculopapular or vesiculopustular rash with centrifugal
spread, with lesions showing umbilication or scabbing and progressing through following stages—macules, papules, vesicles, pustules, and crusts.

‘Canada defines rash as progressively developing that usually sarts on the face and then spreads elsewhere on the body. The rash can affect the mucous membranes i the mouth, tongue, and
genitalia. The rash can also affect the palms of hands and soles of the feet, The rash can last for 2—4 weeks and progresses through the following stages before falling off: macules, papules,
vesicles, pustules, and scabs.

Costa Rica also considers medical history of recent consultations for suspected STI diseases as epidemiological criteria.

‘Cyprus and Greece also considers positve result in a test for the detection of viruses of the genus Orthopoxvirus as criteria for suspected case classification.

“France defines case with clinical presentation as “suspected case” but a case with clinical presentation and high-risk contact (refer o footnote point ¢ above) as “possible case”

India considers travel to affected counties in the past 21 days of symptom onset as epidemiological criteria.

Portugal and United Kingdom considers fever as 38°C,

‘Spain, Turkiye, and United Kingdom additionally consider arthralgia as a clinical symptom suggestive of Mpox. For United Kingdom only; chils are also an additional symptom.

Sweden considers suspected case as a person sampled with suspicion of monkeypox pending test results and who has no symptoms but has fulfilled the epidemiological citeria

“Turkiye defines rash as itchy lesion without specific differentiation of the type of lesion (mucosal or dermal).

“United States also considers contact with a dead or live wild animal or exatic pet that s an African endemic species or used a product derived from such animals as epidemiological criteria.
Additionally, contact, without the use of appropriate PPE or Biosafety Level (BSL) protocols, with laboratory specimens or other items or contact without appropriate use of PPE with a person
or animal with a known orthopoxvirus or Mpox virus infection are considered in the criteria.
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Country Detection of unique sequences of Mpox DNA using Isolation of Mpox in

o 5 q culture
Polymerase chain reaction Sequencing
(PCR)
World Health Organization (WHO) X X
Argentina' X
Australia® X X X
Austria® X X
Belgium® X
Brazil’ X X
Canada X X
Chile® X
Colombia™ X
Costa Rica X X
Cyprus' x X
Denmark X
France’ X
Germany"* x X
Greece! X X
India X X
Ireland x
Taly' X X
Jamaica® X X
Mexico x X
Netherlands* X
New Zealand® X
Peru’” X
Poland’ X X
Portugal X X
South Africa® X X
Spain’ x
Sweden® X X X
Switzerland X
Turkiye’ x
UAE* X X
United Kingdom X
United States x X
Total 32132 (100%) 18/32 (56%) 2132 (6%)

‘Argentina also accepts detectable PCR results for Orthopoxirus if patient belongs to the Eurasian-African group.
“Argentina and Brazil require patients to mee criteria for suspected case along with laboratory confirmation to be classified as confirmed case.

‘Australia, Austria, New Zealand, Peru, and Sweden does not specify PCR in guidelines but require patients to perform any Nucleic Acid Amplification Test (NAAT) or molecular testing.
‘Austria, Cyprus, Greece, and Poland also accepta positive PCR result for Orthopoxvirus ifit is followed by sequencing showing Mpox in a person who developed symptoms after March 01,
2022, onwards.

‘Belgium also accepts Orthopoxvirus specific PCR assay positive result in patients with symptom onset after March 1, 2022,

‘Chile, Italy, Jamaica, South Africa, and UAE require patients to meet criteria for either suspected or probable case along with laboratory confirmation to be classified as confirmed case.
‘Colombia, Peru, and Turkiye requires patients to meet criteria for probable case along with laboratory confirmation to be classified as confirmed case.

‘Colombia and Netherlands accept Orthopoxvirus specific PCR without follow-up sequencing,

‘France, Germany, and Spain, in addition to Mpox specific PR, also accept Orthopoxirus specific PCR.

"Germany also accepts results of Electron microscopy as criterion for confirmed case.
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