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Abstract

Globally, respiratory diseases cause 10 million deaths every year. With the COVID-19 pan-
demic, the burden of respiratory iliness increased and led to significant morbidity and mortal-
ity in both high- and low-income countries. This study assessed the burden and trend of
respiratory conditions among patients presenting to the emergency department of Muhimbili
National Hospital in Tanzania and compared with national COVID-19 data to determine if
this knowledge may be useful for the surveillance of disease outbreaks in settings of limited
specific diagnostic testing. The study used routinely collected data from the electronic infor-
mation system in the Emergency Medical Department (EMD) of Muhimbili National Hospital
in Tanzania. All patients presenting to the EMD in a 2-year period, 2020 and 2021 with respi-
ratory conditions were included. Descriptive statistics and graphical visualizations were
used to describe the burden of respiratory conditions and the trends over time and to com-
pare to national Tanzanian COVID-19 data during the same period. One in every four
patients who presented to the EMD of the Muhimbili National Hospital had a respiratory con-
dition— 1039 patients per month. Of the 24,942 patients, 52% were males, and the median
age (IQR) was 34.7 (21.7, 53.7) years. The most common respiratory diagnoses were pneu-
monia (52%), upper respiratory tract infections (31%), asthma (4.8%) and suspected
COVID-19 (2.5%). There were four peaks of respiratory conditions coinciding with the four
waves in the national COVID-19 data. We conclude that the burden of respiratory conditions
among patients presenting to the EMD of Muhimbili National Hospital is high. The trend
shows four peaks of respiratory conditions in 2020—2021 seen to coincide with the four
waves in the national COVID-19 data. Real-time hospital-based surveillance tools may be
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useful for early detection of respiratory disease outbreaks and other public health emergen-
cies in settings with limited diagnostic testing.

Background

Respiratory conditions contribute the largest burden of disease and accounted for 10 million
deaths globally in 2017 [1,2]. The five commonest respiratory conditions are asthma, chronic
obstructive pulmonary diseases, acute respiratory infections, tuberculosis, and lung cancer
[1,2]. In Africa, and in Tanzania, pneumonia, tuberculosis, and HIV-associated respiratory ill-
nesses have been the most common respiratory conditions [3,4]. Between 2005 and 2015,
about 13% of all deaths in Tanzania were due to respiratory illnesses [5,6]. Since 2020, the
COVID-19 pandemic has caused a surge of respiratory disease and become a leading cause of
respiratory morbidity and mortality [7]. Although the burden of COVID-19 has been seen to
be less severe in Africa compared to the rest of the world, it nevertheless caused a severe strain
to both health system and economic development, disrupting lives and social activities [8].

Despite the advancement of preventive measures such as childhood immunizations,
improvements in diagnostics, and increased healthcare infrastructure in Tanzania, the trend of
mortality from respiratory conditions has been increasing in the last decade [6]. Evidence of
the burden and trend of respiratory conditions is not usually systematically collected in low-
and middle- income countries (LMICs), including Tanzania, and surveillance tools may not
be able to capture real-time data for disease monitoring. With the ongoing COVID-19 pan-
demic showing the vulnerability of health systems to public health emergencies and the chal-
lenges with good surveillance systems in low-resourced settings, hospital-based databases are
regarded as a pragmatic tool that may help understand disease burdens and provide warnings
of ongoing or impending threats, allowing the activation of response plans [9-11].

As in other LMICs, hospital-based surveillance systems in Tanzania are uncommon or are
unable to give rapid warning signals to policy and decision makers. The primary aim of this
study was to understand the burden of respiratory conditions among patients presenting to
the EMD of Muhimbili National Hospital in Tanzania. Secondary aims were to describe the
trends of respiratory conditions over a two-year period and to compare with national COVID-
19 data to determine whether respiratory condition surveillance could be a useful tool for out-
breaks and other public health emergencies in settings where the availability of diagnostic tests
is limited.

Methods
Study design and setting

Routinely-collected clinical data of patients presenting to the Emergency Medical Department
(EMD) of Muhimbili National Hospital (MNH) from 1** January 2020 to 31* December 2021
were used for this study. MNH is a 1500 bed facility that serves as the national referral hospital
located in Dar es Salaam, the business capital of Tanzania with a population of 4 million [12].
Tanzania is a lower-middle-income country in East Africa with a population of 62 million [12]
and a GDP per capita of US $ 1,076 [13]. Although the burden of COVID-19 may not have
been as high in Tanzania as in other neighboring countries in the region, it nevertheless caused
deaths, morbidities, and economic and social challenges [14].

The Muhimbili EMD has specialist emergency physicians and nurses trained in emergency
and critical care, and is well resourced with equipment, medicines and supplies for treating
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and stabilizing patients with acute and emergency conditions [15]. About 63,800 patients
attend the Muhimbili EMD annually. The Muhimbili EMD uses an electronic information sys-
tem to capture all patient information including registration records, investigations, prescrip-
tions and for transferring patients to their respective admitting units, clinics or discharge. All
EMD medical staff are trained and oriented to use the electronic system and fill in the patient
information, diagnoses and other data on a routine basis. The data for this study were
extracted from the EMD electronic information system and were anonymized prior to
analysis.

Study population, inclusion and exclusion criteria

All patients who presented with respiratory conditions to the Muhimbili EMD during the
study period were included. A patient with a respiratory condition was defined as one of 1) a
patient presenting with a respiratory complaint; 2) a patient given a respiratory diagnosis in
the EMD; or 3) a patient with a deranged respiratory rate at initial triage. A respiratory com-
plaint was defined as cough, difficulty in breathing, shortness of breath, chest pain, chest tight-
ness or hemoptysis. A respiratory diagnosis was defined as pneumonia, upper respiratory tract
infection (URTI), tuberculosis, lung cancer, chronic obstructive pulmonary disease (COPD),
suspected COVID-19, asthma, bronchitis, bronchiolitis, tonsilitis, pharyngitis, sinusitis, laryn-
gitis, rhinitis, emphysema, pyothorax, pneumothorax and influenza. Suspected COVID-19
was a diagnosis only used after March 20 2020 when the first case was detected in Tanzania,
and was a diagnosis made in the EMD based on clinical signs, laboratory and radiological
results (Chest X-Ray) which pointed towards COVID-19, confirmatory tests could not be
done. In the EMD, patients are often given more than one diagnosis, and in this study the first
noted diagnosis was used. Deranged respiratory rate was defined as < 8 or > 25 per minute
for patients aged 5 years and above. For young children, a deranged respiratory rate was
defined as above 60 per minute for a child less than two months old, above 50 per minute for a
child of 2-11 months and above 40 per minutes for a child of 1-5 years old [16]. While tachyp-
noea can be due to non-respiratory illness, respiratory causes are the most common underly-
ing pathology in tachypnoea and we chose to include this criterion to ensure capturing of all
respiratory illness as complaints are subjective and diagnoses in the EMD are preliminary.
Patients who were dead on arrival at the EMD were not included in the study.

Data extraction, management and analysis

Anonymized secondary data of all eligible patients were extracted from the electronic informa-
tion system into STATA 17 (StataCorp), cleaned, and checked for completeness. Descriptive
statistics for demographic characteristics were summarized using frequencies, percentages,
median and IQR. The burden and trends of respiratory conditions in the two-year period were
displayed with graphs. The common respiratory diagnoses were summarized in pie charts.

The trends of the most common respiratory diagnoses; pneumonia, URTI, asthma and sus-
pected COVID-19 were displayed in graphs. Additionally, a graph of confirmed COVID-19 in
Tanzania mainland from March 2020 to December 2021 from the Tanzanian Ministry of
Health COVID-19 Situation Report No 25, dated 4th March 2022 [14] was used for comparing
the months of the peaks in our data of infectious diagnoses with national COVID-19 data.

Ethical considerations

Ethical approval to conduct this study was obtained from the Muhimbili University of Health
and Allied Sciences Ethical Review Board DA.282/298/06/C/767, MUHAS-REC-4-2020-217
and National Institute for Medical Research NIMR/HQ/R.8a/Vol.IX/3752. Permission to

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000781 December 9, 2022 3/13


https://doi.org/10.1371/journal.pgph.0000781

PLOS GLOBAL PUBLIC HEALTH The burden of respiratory conditions in Tanzania during the COVID-19 pandemic

extract patient data was obtained from Muhimbili National Hospital MNH/TRCU/IRB/Perm/
2021/082. Since the study involved anonymized secondary data analysis, informed consent
was not possible and its requirement was waived by the IRBs.

Results
The burden of respiratory conditions

In 2020-2021, 24,942 patients presented to the EMD of Muhimbili with a respiratory condi-
tion and were included in the study (Fig 1). This is one quarter (24.5%) of all patients present-
ing to the EMD. On average, 34 patients with respiratory conditions presented to the EMD per
day, 1,039 patients per month.

Among the study participants, 12,999 (52.12%) were males. The age range was 2 days to 110
years with a median age (years) and IQR of 34.7 (21.7, 53.7). A quarter of all participants were
aged less than 15 years. Three quarters of patients were from Dar es Salaam (Table 1).

218,125 patients from Jan 2020 to Dec 2021
extracted from the MNH EMD registry

116,226 duplicates excluded
101,899 patients
10 Died on Arrival excuded
y
101,889 patients
12 patients aged >110
years excluded
101,817 patients assessed for eligibility
Res[ﬁratory Complaint Respiratory Diagnosis Deranged Respiratory Rate

Yes-15,376 No-86,501 Yes-15,850 No-86,019 Yes-5332 No-81,990

24,942 patients with one or more of the respiratory criteria: respiratory complaint, respiratory
diagnosis or deranged respiratory rate included in the final analyses

Fig 1. Flow chart for inclusion in the study.

https://doi.org/10.1371/journal.pgph.0000781.g001
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Table 1. Characteristics of patients with respiratory conditions at MNH EMD 2020-2021.

Characteristic n %
Sex
Male 12999 52.12
Female 11939 47,87
Unknown 4 0.01
Age groups (in years)
Median age, (IQR) 34.7 (21.7, 53.7)
0-<15 6369 25.54
15- <30 4149 16.63
30 - <45 4878 19.56
45 - <60 4390 17.60
60 - <75 3650 14.63
75 - <90 1368 5.48
90+ 138 0.55
Residency/Location
Dar es Salaam 18606 74.60
Other parts of Tanzania Mainland 5267 21.12
Zanzibar 190 0.76
Outside Tanzania 26 0.10
Unknown 853 3.21
Admitting Unit
Pediatric 2819 20.95
Infectious and Respiratory Diseases Unit 3438 25.54
Medical Unit" 3639 27.04
Surgery” 2862 21.27
ICU 700 5.20

'Includes: Cardiology, Dermatology, Endocrinology, Gastroenterology, Hematology, Nephrology, Neurology,
Oncology and Psychiatry.

*Includes: Burns, ENT, Dental, Neurosurgery, Orthopedics, Gynecology, Obstetrics, Ophthalmology, Surgery and
Urology.

https://doi.org/10.1371/journal.pgph.0000781.t001

The weekly trend of respiratory conditions 2020-2021

In the study period, January 1* 2020 to December 31* 2021, the trend of respiratory condi-
tions varied across weeks with some weeks having as few as 140 cases and other weeks having
as many as 410 cases (Fig 2).

The diagnoses and trends of common respiratory conditions at Muhimbili
EMD

Of the patients in the study, 63% were given respiratory diagnoses (Fig 3A). The remaining patients
presented with a respiratory complaint or deranged respiratory rate but were given non-respiratory
diagnoses in the EMD. Half of the patients with a respiratory diagnosis had pneumonia, and upper
respiratory tract infections were diagnosed in a third (31%) (Fig 3B). A few patients (10%) were
given other respiratory diagnoses such as tuberculosis, COPD, lung tumor and emphysema.

Trends of respiratory conditions

The trends of the most common respiratory diagnoses at EMD; pneumonia, Upper Respira-
tory Tract Infections (URTI), asthma and suspected COVID-19 are presented in Fig 4.
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Fig 2. Number of respiratory cases attended in a National Hospital in Tanzania by weeks.

https://doi.org/10.1371/journal.pgph.0000781.9002

Trends of respiratory conditions in comparison with the National COVID-
19 data

The trends of infectious respiratory diagnoses (URTI, pneumonia and suspected COVID-19)
are combined in Fig 5. Four peaks can be seen in April 2020, February 2021, August 2021 and
December 2021. These peaks coincide with the months of the four waves of confirmed
COVID-19 cases from the national COVID-19 data (Fig 6). The number of respiratory condi-
tions appears to start increasing several weeks before the peaks in our data and in the national
COVID-19 data (Figs 5 and 6).

EMD outcomes

Of the study patients, nearly half 12,311 (49%) were admitted to hospital and 10,989 (44%)
were discharged home. Four hundred (1.6%) of the patients died in the EMD (Fig 7).

Discussion

This study has found that over 1000 patients per month—one in every four patients—present to
an emergency department of a Tanzanian national hospital with a respiratory condition.
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Total number of cases 24942

Non-Respiratory Diagnoses [ Respiratory Diagnoses

Total numl f cases 15672

" pneumonia [ URTI
[ Asthma I suspected COVID-19
N others

Others include: Tuberculosis, COPD, Lung tumor and emphysema

Fig 3. Diagnoses of patients with respiratory conditions presenting to Muhimbili National Hospital.
https://doi.org/10.1371/journal.pgph.0000781.9003
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Fig 4. Common respiratory diagnoses presented in a Tanzanian National Hospital.

https:/doi.org/10.1371/journal.pgph.0000781.9004

Respiratory conditions are a major contributor to the burden of disease in Tanzania. Similarly,
respiratory conditions have been seen to lead to high proportions of healthcare contacts in the
the United States [17] and visits to emergency departments in Canada [18]. Countries such as
India have also reported disproportionately high burden particularly of chronic respiratory
diseases [19]. In 2019, Tanzania was found to be one of the countries with the highest burden
of acute lower respiratory tract infections with 1 in every 3 children under-5 years attending a
health facility with a respiratory infection [5]. The WHO lists respiratory conditions as the sec-
ond leading cause of death globally, following cardiovascular diseases [20]. Respiratory condi-
tions cause a substantial burden on health systems, and even more so in the pandemic of the
past two years.

The study was conducted in the context of the global COVID-19 pandemic. The trend of
four peaks of patients presenting with respiratory conditions in 2020 to 2021 coincided with
the four national COVID-19 waves suggests that the increase in respiratory conditions is likely
to be due to COVID-19. We are not able to confirm this due to limited diagnostic testing and
inability to cross-reference with laboratory data. As of 26 December 2021, over 278 million
cases and just under 5.4 million deaths due to COVID-19 had been reported globally [21]. In
the same period, 2020-2021, COVID-19 was the most common diagnosis in the emergency
department in the UK, with fewer cases of other respiratory diagnoses [22].

The increase in respiratory conditions in our study starts about four weeks before the peaks
seen in both our data and in the national COVID-19 data. This is unsurprising given the
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Fig 5. Number of pneumonias, URT and suspected COVID-19 cases attended in a Tanzanian National Hospital by weeks.

https://doi.org/10.1371/journal.pgph.0000781.9005

pattern of waves, and yet indicates an important public health usage of such respiratory sur-
veillance. Clinical surveillance, even without specific diagnoses or confirmatory laboratory
testing, can indicate when pandemic waves, or increases in disease due to any public health
emergency, are starting and can inform the community and policy makers for the initiation of
appropriate responses [9-11,23]. Interestingly, in Korea, patients with histories of URTIs and
pneumonia were commonly reported 1-2 weeks before the COVID-19 pandemic was declared
or COVID-19 tests were being routinely done [11,24]. Respiratory surveillance systems are
being implemented in other areas such as the US and have proved to be beneficial [25,26].

Half of all patients with respiratory conditions were given a diagnosis of pneumonia which
suggests that pneumonia may be the most common underlying etiology for respiratory condi-
tions in this setting. These findings are similar with studies conducted elsewhere which found
pneumonia to be a common etiology for respiratory illness [27,28]. Moreover, pneumonia fol-
lowed by tuberculosis was the most common respiratory condition in Africa prior to the pan-
demic [3,4]. Similarly, a 10 years respiratory disease survey in Tanzania found pneumonia to
be common and to account for more than half of deaths due to respiratory illnesses [6]. In
other studies, the largest causes of respiratory illness were found to be asthma, chronic
obstructive pulmonary diseases, acute respiratory infections, tuberculosis, and lung cancer
[1,2]. Our study used the preliminary diagnosis given to patients in the EMD prior to definitive
diagnostic testing and revised diagnoses, and pneumonia may be commonly used while wait-
ing for the results of investigations.
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Fig 6. COVID- 19 confirmed cases from March 2020 to December 2021 Tanzania Mainland.
https://doi.org/10.1371/journal.pgph.0000781.9006

This is the first study conducted to assess the burden and trends of respiratory conditions
in relation to the waves of COVID-19 pandemic in Tanzania. The study involved a large data-
set of over 20,000 patients and was conducted at the largest hospital in Tanzania which receives
patients from across the country. Additionally, the data used in this study has been prospec-
tively collected as part of routine hospital system. Besides these strengths, some limitations are
noted. The study involved retrospective analysis of prospectively collected data which was pri-
marily for clinical purposes, hence limiting the analyses to the number of variables included in
the registers. Besides being a national hospital and hence receiving patients from across Tanza-
nia, this is a study of a single facility, as can be seen that majority of the patients were from Dar
es Salaam, the location of the Muhimbili National Hospital and may therefore not reflect an
overall situation in the country with regards to the pandemic outbreak. Moreover, the study
was conducted at the emergency setting where the attention is on managing life threatening
conditions rather than making definitive diagnoses, therefore, the respiratory diagnoses in this
study are pragmatic rather than confirmatory and are subject to the treating physician’s level
of experience.

Conclusion

The burden of respiratory conditions in the Muhimbili EMD in the first two years of the global
COVID-19 pandemic was high, contributing to about a quarter of all presentations. The coin-
ciding of the peaks of respiratory conditions with the four waves of confirmed COVID-19
cases in Tanzania suggests that they are likely to be due to COVID-19. Due to limited diagnos-
tic testing, real-time patient surveillance in hospitals can be a useful tool for early detection of
diseases outbreaks and other public health emergencies.
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