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The floods associated with the landfall of cyclones Idai and Kenneth in

Mozambique between March and April 2019 had a major impact on the

country’s public health and placed the affected population at risk for vector- and

rodent-borne diseases. Aiming to improve the diagnostic capacity, yield

information to guide public health responses, and assess potential short-term

effects of cyclones Idai and Kenneth on arboviruses (dengue, Zika, and

chikungunya) and leptospirosis, a clinical and laboratory surveillance for non-

malarial acute febrile illness was established in six health units located in different

districts within the two provinces (Sofala and Cabo Delgado) affected by the

cyclones. Patients were tested using real-time reverse transcriptase polymerase

chain reaction (qRT-PCR) for dengue (DENV), Zika (ZIKV), and chikungunya

(CHIKV) viruses and using enzyme linked immunoassays (ELISA) to detect

nonstructural DENV protein 1 (NS1), as well as DENV, ZIKV, CHIKV, and

Leptospira IgM antibodies. From April to September 2019, 305 patients aged ≥15

years were enrolled, of which 58.4% were women and the median age was 30

years old. All patients were qRT-PCR negative for the targeted arboviruses, but

three (1.0%) were positive for DENV NS1 ELISA. Specific IgM antibodies against

DENV, ZIKV, CHIKV or Leptospira were found in the serum of 104 (34.1%) patients.

Our results indicate that vector- and rodent-borne disease transmission occurred

in all districts under investigation in the wake of cyclones Idai and Kenneth,

including some regions where cases had not been previously detected. The

investigation provided useful information for post-cyclone emergency

response purposes.
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Introduction

Mozambique’s geography predisposes the country to repeated

weather-related events, such as severe droughts, storms, and floods.

These extreme weather events exacerbate the disease burden in the

country and reveal the fragility of the health system in dealing with

multiple hazards (1). In mid-March and late April 2019, the

Mozambican provinces of Sofala (in the central region) and Cabo

Delgado (in the northern region) were massively hit by cyclones Idai

and Kenneth, respectively [both were category 4 on the 1-5 Saffir-

Simpson hurricane wind scale (2)], resulting in heavy rains and

floods. Both cyclones caused wide destruction of dwellings and

other essential infrastructures, left ∼2.2 million people in need of

humanitarian assistance and protection, and were responsible for a

direct death toll of 648 people (1, 3).

As the risk of climate-sensitive diseases tends to increase after

devastating disasters (4), the occurrence of outbreaks became an

immediate public health concern in Mozambique, given the

displacement of hundreds of thousands of people who began to live

in unhealthy, overcrowded, and flooded environments. An outbreak

of cholera and an increase in malaria cases (1) were detected a few

weeks after the cyclones hit. In addition, the Ministry of Health,

through the National Institute of Health (INS) of Mozambique,

reported an upsurge of non-malarial acute febrile illness in the

most affected districts (5).

In Mozambique, 70% of the population depends on agriculture

and livestock breading, being at increased risk of vector-borne and

zoonotic diseases during their daily activities. Although the real

burden of arboviral and zoonotic diseases is unknown in the

country due to the lack of a surveillance system for these diseases,

dengue has been recognized as an emerging public health problem,

especially in the city of Pemba, Cabo Delgado province, where it

caused two outbreaks, the most recent in 2014 (6, 7). Conversely,

although outbreaks of Chikungunya, Zika, and Leptospirosis have not

been clearly detected, serological studies have pointed to their

endemic transmission across the country (8–13). Furthermore,

Aedes mosquitoes (Ae. aegypti and Ae. albopictus) have been found

countrywide (14, 15) and unpublished data from a rodent survey

carried out by INS before cyclone Idai showed the existence of Rattus

norvegicus and Rattus rattus, main species involved in transmission of

Leptospira, in the peripheral neighborhoods of the city of Beira.

Therefore, it was suspected that, besides malaria, which is known to

be endemic in Mozambique (16), arboviral (8, 17, 18) and rodent-

borne diseases (13) could be responsible for the rise in the number of

acute febrile illness cases.

Despite the recurrence of extreme climate events in Mozambique

in recent years, there is still lack of evidence on the occurrence and

burden of mosquito-borne viral diseases and rodent-borne infections

in the aftermath of these disasters. With the aim of assessing the

occurrence and trends of arboviruses (dengue, Zika, chikungunya)

and rodent-borne diseases’ (leptospirosis) transmission in the

aftermath of cyclones Idai and Kenneth, in order to guide public

health responses, a clinical and laboratory surveillance for non-

malarial acute febrile illness was established in six health units

located in several districts situated in the two provinces (Sofala and

Cabo Delgado) that were struck by the cyclones.
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Materials and methods

The surveillance system was implemented from April 22nd to

September 15th, 2019, in Sofala province, in the districts of Beira, Buzi,

Dondo, and Nhamatanda and initiated a month later, on May 22nd, in

Cabo Delgado province, in the district of Macomia and in the city of

Pemba. The two provinces are located by the Indian Ocean, in the

central-eastern and northernmost regions of the country, respectively

(see Figure 1). In Sofala, the altitude ranges from ≤ 10 meters of the

sea level in Beira, to about 70 meters in Nhamatanda. In Cabo

Delgado, the altitude is ≤ 20 meters of the sea level in Pemba city

and about 240 meters in Macomia. Based on available data from the

electronic real-time mobile surveillance system (EWARS M-alert

platform), developed during the emergency period to improve the

detection of disease outbreaks, the health facilities that recorded the

highest frequency of cases of non-malarial acute febrile illness within

a few weeks after the arrival of the cyclones were selected to host

the surveillance.

Clinical and laboratory technicians at each selected health center

were trained in bioethics, inclusion and exclusion criteria, proper

filling of the survey form, and collection and storage of blood samples

for surveillance purposes. The enrollment of participants was closely

monitored during the first three days of surveillance in each health

center. Patients were considered eligible if they were aged 15 or older

(to facilitate blood sample collection), had reported or measured fever

(axillary temperature ≥ 37.5° C) lasting up to seven days after the

onset of symptoms, and tested negative for malaria on a rapid

diagnostic test or blood smear. Patients with pneumonia detected

by chest X-ray or with suspected tuberculosis, bronchitis or

pharyngitis were also not eligible for study enrollment. Those who

met the inclusion criteria were invited to participate in a non-random

and non-systematic manner. Daily recruitment of at least five patients

per health center was requested. Overall, it was expected to enroll

around 600 patients, of whom 400 would be from Sofala and 200 from

Cabo Delgado (about 100 patients from each health center).

Prior to enrollment, each patient was informed about the aims

and importance of the investigation. For eligible patients under 18

years of age, enrollment occurred if a parent or guardian was present

and had authorized. Each patient was enrolled only once and all

provided oral consent to participate in this surveillance. The Ethical

Research Committee for the National Institute of Health of

Mozambique granted ethical approval for the survey.

After consenting, a standardized questionnaire was applied to

collect socio-demographic (age, sex, district of provenance) and

clinical data (e.g. fever, arthralgia, myalgia, rash) and ∼10 ml of

blood was obtained for further tests. Serum was separated from whole

blood at the local health centers on the same day and the samples were

stored at -20 °C in separate cryovials for subsequent biweekly

shipment under cold conditions to the Viral Isolation Laboratory at

the National Institute of Health (INS), where the sera were stored at

-80 °C until testing.

At INS, sera samples were tested by real-time reverse transcriptase

polymerase chain reaction (qRT-PCR) for DENV, ZIKV and CHIKV

[Trioplex, Centers for Disease Control and Prevention, Atlanta, USA

(19)] and RNA extraction was performed using QIAamp Viral RNA

Mini Kit (QIAGEN, Germany). Serum samples were also tested by
frontiersin.org
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capture enzyme-linked immunoassays (ELISA) to detect DENV

nonstructural protein 1 (NS1) and IgM antibodies against DENV,

ZIKV, and CHIKV, using commercially available kits (Euroimmun,

Luebeck, Germany). Previous infections by CHIKV and ZIKV were

also assessed through detection of IgG using an indirect ELISA

(Euroimmun, Luebeck, Germany kits).Testing for the detection of

leptospirosis was performed by IgM capture ELISA, using a

commercial kit (Leptospira IgM ELISA, Panbio Pty., Ltd., Queensland,

Australia). Positive controls were used for both ELISA and qRT-PCR

reactions. All tests were performed followingmanufacturer’s instructions.

After testing, data were entered into a Microsoft Excel spreadsheet,

double-checked and then shared with provincial health authorities.

Data were imported from Excel into the Stata 14 software (Stata

Corp., College Station, TX) for further statistical analyses. The main

outcome of interest was acute infection by any of the pathogens under

investigation, considered as a positive qRT-PCR or NS1 ELISA test

result. Patients in whom IgM antibodies were detected in the serum,

regardless of the presence of IgG antibodies, were classified as having

evidence of recent infection. Evidence of previous ZIKV and CHIKV

infections were also verified, defined by the presence of only IgG

antibodies in the serum.

The types of infections were categorized into acute, recent or

previous, according to the previous definitions, and as single or dual

based on laboratory evidence of infection by one or by more than one

pathogen, respectively. Patients’ characteristics were described

according to infection types and infecting pathogens, using absolute

and relative frequencies, or median and interquartile ranges (IQR).

Graphs were used to show the frequency of pathogen-positive

patients in each district.
Frontiers in Tropical Diseases 03
Results

During this investigation, a total of 305 patients were enrolled, of

which 237 were from Sofala and 68 from Cabo Delgado. Among

them, 178 (58.4%) were women and the median age was 30 (IQR: 23 –

41) years old. Besides fever, headache, arthralgia, myalgia, chills, and

weakness were the most common reported symptoms and the median

time between fever onset and care seeking was of 3 days (IQR: 2 – 4).

All 305 patients had negative qRT-PCR results for DENV, ZIKV,

and CHIKV. However, three (1.0%) patients were positive for DENV

NS1 ELISA, indicating an acute DENV infection (one also had IgM

antibodies against DENV and CHIKV, suggesting a recent CHIKV

infection). In addition, specific IgM antibodies against DENV, ZIKV,

CHIKV, or Leptospira were found in the serum of 104 (34.1%)

patients, suggesting a recent infection by these pathogens. Of them,

73 (23.9%) had evidence of a recent single infection [7 (2.3%) by

DENV, 43 (14.1%) by CHIKV, 6 (2.0%) by ZIKV, and 17 (5.6%) by

Leptospira], and 19 (6.2%) had evidence of a recent infection by more

than one arbovirus [1 (0.3%) by DENV/ZIKV/CHIKV, 2 (0.7%) by

DENV/CHIKV and 16 (5.2%) by ZIKV/CHIKV], and 12 (3.9%) by an

arbovirus and Leptospira [3 (1.0%) by DENV/Leptospira, 2 (0.7%) by

ZIKV/CHIKV/Leptospira, and 7 (2.3%) by CHIKV/Leptospira].

Previous CHIKV and ZIKV infections, showed by the detection

only of IgG antibodies in the serum, were found for 141 (46.2%)

patients [117 (38.4%) for CHIKV, 12 (3.9%) for ZIKV and 12 (3.9%)

for both]. Table 1 shows demographic and clinical characteristics of

patients with and without evidence of infection, according to the type

of infection (acute vs recent) and the infecting pathogen. In general,

infections by arboviruses were more common among younger
FIGURE 1

Relative frequencies of patients with laboratory evidence of recent infections by dengue, Zika and chikungunya viruses and by Leptospira sp. among non-
malarial outpatients with acute febrile illness following Idai and Kenneth cyclones in six districts of two provinces of Mozambique, April-September 2019.
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TABLE 1 Characteristics of acute febrile patients with laboratory evidence of recent infection by dengue, Zika, chikungunya viruses and Leptospira following Idai and Kenneth cyclones in Sofala and Cabo Delgado
provinces, Mozambique.
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3 (17.7) – 22 (11.1)
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Dengue2 Dengue3 Chikungunya4 Zika5 Arboviral
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Nhamatanda – – 2 (4.7) – 1 (5.3)
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patients (median age range: 24-28 years old) and in women, whereas

infections by Leptospira were more common in older patients

(median age range: 42-50 years old) and in men.

Figure 1 shows the proportion of participants with evidence of

recent infection by infecting pathogen and district. All districts had at

least one patient with evidence of recent infection for each

investigated pathogens, except for Macomia and Pemba, where

patients were negative for recent DENV infection. Recent DENV

infections were more frequent in Beira, while recent ZIKV infections

were more frequent in Macomia and Pemba. Recent CHIKV infection

was frequently detected in almost all districts, but its frequency was

much higher in Macomia district (72.7%; 16/22) compared to the

others. Leptospira infections were more frequent in Nhamatanda

(22.2%; 4/18) and Macomia (22.7%; 5/22).
Discussion

The implementation of surveillance actions to investigate and

prevent the occurrence of diseases after catastrophes is complex and

often not carried out, hampering the production of useful information

to guide preparation for further disaster events. This scenario holds

true for several countries in sub-Sharan Africa, where data on the

occurrence and burden of mosquito-borne viral diseases and rodent-

borne infections following severe natural disasters are lacking. Our

surveillance system, implemented in response to an increase in non-

malarial acute febrile illnesses in the districts most devastated by

cyclones Idai and Kenneth in Mozambique, found consistent evidence

of transmission of arboviruses and Leptospira. Vector- and rodent-

borne diseases are well-known to be impacted by climate events,

especially those involving torrential rains and floods. These climate

events may create breeding sites for mosquito reproduction and

expose the population to water potentially contaminated with

Leptospira (20, 21). Outbreaks of Dengue and seroprevalence

evidence for Zika, Chikungunya and Leptospirosis (7–10) have been

previously reported in the country.

The three patients with a positive DENV NS1 result were detected

in the districts of Dondo (1 patient) and Pemba (2 patients),

confirming ongoing transmission of DENV in both provinces

affected by the cyclones. Recent infections by CHIKV in Macomia

and by Leptospira in Macomia and Nhamatanda, recorded after Idai

and Kenneth, were higher than the frequencies observed in previous

studies developed in areas not affected by cyclones (8, 10, 13). Thus, it

is likely that the storms and floods associated with cyclones Idai and

Kenneth contributed to the increased frequency of these diseases.

However, response actions taken to improve health and minimize

potential post-cyclone diseases may have played a role in preventing

larger outbreaks of vector- and rodent-borne diseases. The malaria

control program promptly intervened, through campaigns of indoor

residual insecticide spraying and distribution of insecticide-treated

bed nets for the most affected people (22), which may have helped to

reduce the mosquito population or exposure to mosquitoes bites, thus

decreasing further transmission of arboviruses. In addition, massive

interventions to improve drinking water supply and hygiene and

sanitation conditions (WASH) (23) might have contributed to the

control of rodent-borne diseases. Nevertheless, we highlight that the

destruction of natural habitats and the ecological changes induced by
T
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cyclones and floods could exacerbate the transmission of arboviruses

and leptospirosis in the future.

Establishing a clinical and laboratory surveillance system in the

aftermath of a large-scale disaster presented major challenges, as it was

not possible to enroll the expected number of patients, nor to collect

convalescence samples from patients, due to logistical issues and to

large and frequent movement and displacement of people. Some health

centers had their infrastructure damaged and the supply of materials

for blood collection was intermittent, hampering proper surveillance

operation. The low installed capacity for local handling, storage of sera

at -20°C before shipping to the INS and challenges in establishing

proper transportation, may have compromised the quality of the

samples and, consequently, hindered the detection of infections by

qRT-PCR. Furthermore, we may have underestimated the frequency of

both arboviruses and leptospirosis, as the optimal performance of the

IgM ELISA occurs in samples collected 5 days after the onset of

symptoms (24, 25). As a positive IgM test could represent current or

recent infection, we also cannot rule out that some of the patients in

whom IgM antibodies were detected may have had an arbovirus or

Leptospira infection that occurred a few weeks earlier and was not the

clinical reason for seeking health care. Lastly, the etiology of the non-

malarian febrile illness was not found for 65% of the studied patients.

Further diagnostic studies of patients seeking health care after a disaster

should be broadened to include other pathogens.

An important caveat of this investigation was the absence of baseline,

long-term surveillance data to assess the impact of cyclones Idai and

Kenneth on the transmission of vector- and rodent-borne diseases. Yet, our

investigation provided useful information for the post-cyclone emergency

response, including the detection of arboviruses and Leptospira

transmission in some regions of the country where cases had not been

previously detected. Surveillance has also proven to be an important tool to

expand diagnostic capacity and ensure monitoring of vector-borne and

rodent-borne diseases in Mozambique. Our findings reinforce the need to

consider these diseases in the differential diagnosis of acute febrile illnesses

in Mozambique, as well as possible co-infections with malaria.

Given Mozambique’s susceptibility to extreme weather events, the

country’s natural disaster emergency preparedness and response plan

should continue to be improved, emphasizing the importance of 1)

building a robust surveillance and warning systems, within the scope of a

One Health approach, to facilitate the early detection of changes in the

pattern of occurrence of climate-sensitive diseases throughout the

country; 2) using the network of public health laboratories established

at national level and equipped with molecular techniques to respond to

the covid-19 pandemic, for surveillance and early detection of emerging

diseases, including arboviruses and zoonoses; 3) expanding the use of

screening algorithms for febrile illnesses in health centers, to increase the

probability of suspecting and diagnosing arboviruses and zoonosis, as

well as training and expanding health professionals countrywide; 4) and

expanding and improving the vector control program, currently focused

on malaria control, to include the systematic monitoring of Aedes

spp mosquitoes.
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Mozambique. VAM and GR received scholarships from the Brazilian

National Council for Scientific and Technological Development

(CNPq: 311365/2021-3). The funders had no role in the writing of

the manuscript or the decision to submit it for publication.
Acknowledgments

We would like to acknowledge the logistical support received from

Centro de Investigação Operacional da Beira (CIOB) and Núcleo de
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