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Background: Information on causes of death (CoD) is very poor in sub-Saharan
Africa, although it provides vital information for planning health strategies. We aimed to
analyze the CoD in a large series of autopsies conducted in Mozambique during one-year
period.

Methods: All adult autopsies conducted at the Maputo Central Hospital (Mozambique)
from January,1stto December 31st 2013 (12 month-long period) were analyzed, according
to HIV status. Maternal and traumatic deaths were excluded from the study.

Results: Four hundred and forty-nine adult autopsies were performed (52% males,
median age 42 years, range 15-93). HIV-positive patients comprised 37% (166), 19%
(87) were HIV-negative, and in 44% (196) information on HIV status was unavailable.
Infectious diseases were the leading CoD (249; 55%), followed by malignancies (76;
17%), cardiovascular (75;17%), other non-infectious diseases (46;10%), and non-
conclusive CoD (3;1%). Infectious diseases were responsible for 64%, 51% and 50% of
HIV-positive, -negative and -unknown patients, respectively. Tuberculosis was the leading
infectious CoD, regardless of HIV status. Other common infections included pyogenic
meningitis (42; 17%) and pneumonia (37;15%). Non-infectious cardiovascular diseases
and malignancies comprised 33% of all CoD in HIV-negative, and 15% in HIV-positive
patients.

Conclusion: The burden of infectious diseases, particularly of tuberculosis, remains
high in Mozambique, even in HIV-negative patients. Apart from tuberculosis, pyogenic
infections of the central nervous system and respiratory tract are also frequent and thus
require introduction of new point-of-care tests and improvement of treatment strategies.
Non-communicable conditions, mainly cardiovascular and oncologic diseases are
becoming prevalent in Mozambique.

Introduction

Many low- and middle-income countries (LMIC) face important
challenges in maintaining reliable information on cause of death
(CoD) due to the poor quality of their vital statistics and death
registration systems [1]. Most of the scant information available
in these countries is based on verbal autopsy and clinical records,
two methods with important drawbacks due to the overlapping

symptoms of many conditions, particularly of infectious diseases
[2,3]. In LMIC, and particularly in sub-Saharan Africa, the accuracy
of the clinical diagnoses is limited due to the lack of access to
laboratory diagnostic tests and imaging techniques; a common
obstacle even in tertiary, referral hospitals [4,5]. In addition,

although some of the sub-Saharan African countries have a very
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high HIV prevalence, reliable data on CoD in HIV-positive patients
are particularly scarce. Unfortunately, the HIV-related in-hospital
mortality remains high in sub-Saharan Africa despite the increased
availability of antiretroviral therapy [6]. Indeed, many studies
carried out in sub-Saharan Africa have shown a high burden of
opportunistic infections associated with HIV [7,8], especially of
active tuberculosis [9]. The clinical autopsy is the gold standard
method for CoD determination, and an important tool for assessing
the quality of clinical practice [10,11].

In many LMIC, where access to health system is limited and
mortality surveillance is generally weak, autopsy data would be
particularly important to complete the CoD picture which is key
for health planning and prioritization [12,13]. In addition, clinical
autopsy is a useful teaching tool for clinicians, vital to evaluate and
improve the quality of care and the health outcomes. However, the
high costs of the autopsy procedure, the lack of pathologists and
of adequate pathology laboratories, as well as cultural concerns
continue to be main obstacles for its expansion in LMIC [14]. In
this prospective one-year study we aimed to explore the CoDs in a
large series of adult deaths occurring in a tertiary referral hospital
located in Maputo, the capital of Mozambique, using complete
autopsy as the gold standard. Additionally, we analyzed the clinical
and laboratory information on HIV status and compared the
distribution of the CoDs between HIV-positive, and -negative and
in patients with unknown HIV status.

Methods

Study Setting and Case Selection

This study was part of an observational study conducted at the
Maputo Central Hospital (MCH), a 1500-bed government-funded
quaternary care facility. The hospital is located in the capital of
Mozambique and serves mainly the population of the Maputo
urban and peri-urban area but is also the referral center for other

hospitals in Southern Mozambique.

From the 1% of January to the 31" of December of 2013
(12-months study period), we included all cases fulfilling the
following criteria:

1)  Anautopsy requested by the clinician and

2) Written or verbal informed consent to perform the
autopsy given by the relatives.

Exclusion criteria were:
1) Perinatal, neonatal and pediatric (0-15 years) deaths,

2) Maternal deaths (deaths occurring during pregnancy,
delivery or puerperium, i.e., within 42 days of termination of
pregnancy), and

3) Traumatic deaths.

The study received the approval of the National Bioethics
Committee of Mozambique (Mozambique; approved, Ref. 342/
CNBS/13).

Autopsy Procedure

In all cases a full autopsy was performed as soon as possible
after consent from the next-of-kin was obtained. The autopsy was
carried out by a pathologist assisted by a technician. During the
autopsy, all the thoraco-abdominal organs, as well as the central
nervous system were eviscerated and dissected for detailed gross
examination. A sample was obtained for histological analysis from
the main organs (both lungs, liver, brain, heart, kidneys, spleen and
bone marrow). The sampling was directed to any grossly evident
lesion, if detected, or from normally appearing tissues if not
identified. In addition, samples of any other abnormality identified

in other areas (e.g. lymph nodes, bowel, skin, etc.) were obtained.

Histological Laboratory Procedure and Diagnostic
Methods

Tissue samples for histological analysis were fixed in 10%
neutral buffered formalin for 24-48 hours and routinely embedded
in paraffin. Four-micron thick sections were stained with H&E
and evaluated using an Olympus BX41 light microscope. In all the
H&E slides a thorough search of hemozoin in macrophages and
of malaria parasites was conducted. When deemed necessary,
ancillary histochemical (e.g. Zieh-Neelsen, Gram, Periodic-Acid
Schiff, Grocott stains, etc.) and/or immunohistochemical (e.g.,
Cytomegalovirus, Herpes, etc.) stains were performed on selected
paraffin blocks.

Review of the Clinical Charts

The available clinical information was reviewed to collect
diagnostic evidence for each case by one local investigator (FF).
In all cases, the HIV status of the deceased patients, antiretroviral
treatment, CD4 count data and the time from admission to death
were abstracted from clinical charts.

Determination of the CoD

The main cause of death, all associated conditions and any
underlying diseases, were codified following the International
Classification of Diseases, tenth revision (ICD-10). The CoD were
classified into five major groups:

1) Infectious diseases,

2) Malignant tumors,

3) Non-infectious cardiovascular diseases,
4)  Other non-infectious diseases, and

5) Non-conclusive

The main autopsy diagnosis was used to define the disease
category. Malaria was considered as the main CoD when massive
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cerebral parasitization was identified. The autopsy diagnosis
integrated all the findings from the gross and microscopic
examination together with the clinical information. In HIV infected
patients, the final CoD and not the underlying HIV infection was
considered as the main CoD (e.g., Pneumocystosis). The infectious
and neoplastic CoD (e.g., tuberculosis, fungal or bacterial infections,
etc.) were further sub-classified into localized (respiratory, central
nervous system, digestive, genitourinary, etc.) or disseminated;
Kaposi’'s sarcoma and lymphoid neoplasms were always classified
as disseminated. The non-infectious cardiovascular diseases
included cardiovascular and cerebrovascular diseases. Other non-

Results

General Characteristics of the Series

infectious diseases were classified by system (respiratory, central
nervous system, digestive system, genitourinary, etc.) or as non-
classifiable. Finally, when no CoD was identified after a thorough
exam, the case was classified as non-conclusive.

Statistical Methods

Data were analyzed using the SPSS program version 20.0. The
proportions were compared by chi-square test. The ANOVA test
was used to compare the means between three different categories.
p-values <0.05 were considered as significant.

In-hospital deaths in Maputo Central Hospital
in 2013 (n=4752)

| Number of deaths in each department |

} } } }

| I | }

Traumatology Neonatology Pediatrics Obstetrics Gynaecology Surgery Internal Medicine Intensive Care
(n=15) (n=677) (n=658) (n=145) (n=31) (n=276) (n=2255) Unit (n=695)
Autopsy not performed | I Cases in which autopsy was performed I

A 4 A 4 A4 A4 Y A4
n=59 n=145 n=8 n=60 n=169 n=212
(9%) (100%) (26%) (22%) (7%) (30%)

Cases excluded |

Cases included in the study (n=449)

Figure 1: Number of deaths in the different departments of the hospital, the total number and the percentage of the autopsies

performed from each department, as well as the excluded cases.

During the study period 4752 in-hospital non-traumatic deaths
were registered at the MCH. Four hundred and forty-nine autopsies
of adult patients were performed (9.4% of the non-traumatic
deaths). Two hundred and twelve autopsies (47%) were requested
from the intensive care unit, 169 (38%) from internal medicine,
60 (13%) from surgery and 8 (2%) from the department of
gynecology. (Figure 1) shows the number of deaths in the different
departments of the hospital, the total number and the percentage
of the autopsies performed from each department, as well as the
excluded cases. Two hundred and thirty-four patients were male
(52%) and 215 were female (48%). The median age of the patients
was 42 years (range 15-93 years). The median admission time
prior to death was 4.4 days; 198 (44%) patients died within the
first 24 hours of admission to the hospital. Overall, 166 (37%)
patients were HIV-positive, 87 (19%) were HIV-negative, and in
196 (44%) cases the HIV status was not known or not documented
in the clinical records. Ninety-five of the 166 HIV-positive patients

(57%) were on antiretroviral treatments. The last CD4 count was
available in 15 HIV-positive patients, with a median count of 46
cells/mL (range 3-329 cells/mL). Mean age (+ standard deviation)
of the HIV-positive, -negative and -unknown patients was 38+14,
45+19 and 52418 years, respectively (p<0.001) and the mean time
of admission was 6.3 £ 8.3, 6.3 £ 6.6 and 2.1 * 4.5 days, respectively
(p<0.001).

Overall Cause of Death Distribution

Infectious diseases were the most frequent CoD (249/449;
55%), followed by malignant tumors (76/449; 17%), cardiovascular
diseases (75/449; 17%) and other non-infectious diseases
(46/449; 10%). In three cases (1%) the autopsy findings were non-
conclusive. The five-category CoD distribution was significantly
different in HIV-positive group in comparison with HIV-negative
or HIV-unknown groups (p=0.01, and p<0.001, respectively), but
no differences were observed between the HIV-negative and HIV-
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unknown groups (p=0.40). These differences were due to the
higher frequency of infectious diseases and malignancies in HIV-

positive patients and of non-infectious cardiovascular diseases and

HIV-positive patients (n=166)

8%

HIV-negative patients (n=87)

other disorders in HIV-negative and -unknown patients. (Figure 2)
shows the five-category CoD distribution in HIV-positive, - negative

and -unknown patients.

Unknown HIV status (n=196)

Infections
Malignancy
@ Cardiovascular diseases

Other non-infectious diseases

@ Non-conclusive

Figure 2: Distribution of the main groups of causes of death according to the HIV status of the patients.

Specific Causes of Death

Infectious diseases accounted for 249 deaths. Disseminated
infections were the most frequent infectious CoD (83; 33%),
followed by respiratory (57; 23%), central nervous system (50;
20%), gastrointestinal (24; 10%), genitourinary (15; 6%), soft tissue
(13; 5%) and cardiovascular infections (7; 3%). Most disseminated
infections were caused by opportunistic microorganisms (mainly
tuberculosis, candidiasis and cryptococcosis), and were much more
frequent in HIV-positive patients than in the other two groups
(p<0.001). (Table 1) shows the distribution of infectious CoD in HIV-

positive, HIV-negative and patients with HIV-unknown status. The
most common infectious CoD in all groups (HIV-positive, -negative
and -unknown) was tuberculosis, representing 48%, 29%, and 23%
of CoD, respectively. The most frequent form of tuberculosis was
miliary tuberculosis (67/76; 88%), which was more common in
HIV-positive than in HIV-negative or -unknown patients (p<0.001).
Other frequent infectious CoD included pyogenic meningitis (42
cases; 17%) and pneumonia (37 cases; 15%). Severe malaria was
considered as the cause of death in 11 adults. The mean age of the
patients who died from malaria was 40 years (range 31-65).

Table 1: Infectious diseases as main causes of death (CoD) in HIV-positive, -negative and -unknown patients.

HIV Status
Positive (n=107) Negative (n=44) Unknown (n=98) Total (n=249)

Disease n (%) n (%) n (%) n P
Disseminated infections 56 (67%) 9 (11%) 18 (22%) 83 <0.001
Disseminated tuberculosis 46 (69%) 6 (9%) 15 (22%) 67

Severe malaria 5 (40%) 3(30%) 3(30%) 11
Disseminated candidiasis 3 (100%) 0 (0%) 0 (0%) 3
Disseminated cryptococcosis 2 (100%) 0 (0%) 0 (0%) 2
Respiratory System Infections 14 (25%) 15 (26%) 28 (49%) 57 0.005
Pyogenic pneumonia 8 (22%) 9 (24%) 20 (54%) 37
Pulmonary tuberculosis 4 (22%) 6 (33%) 8 (45%) 18
Pneumocystis pneumonia 2 (100%) 0 (0%) 0 (0%) 2
Central Nervous System Infections 23 (46%) 7 (14%) 20 (40%) 50 0.73
Pyogenic meningitis 15 (36%) 7 (17%) 20 (47%) 42
Toxoplasma meningoencephalitis 4 (100%) 0 (0%) 0 (0%) 4
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Cryptococcal meningitis 2 (100%) 0 (0%) 0 (0%) 2
Tuberculous meningitis 1 (100%) 0 (0%) 0 (0%) 1
Herpes meningoencephalitis 1 (100%) 0 (0%) 0 (0%) 1
Gastrointestinal Infections 6 (25%) 4 (17%) 14 (58%) 24 0.10
Gastroenteritis and/or colitis 2 (29%) 1(14%) 4 (57%) 7
Peritonitis 4 (25%) 3(19%) 9 (56%) 16
Hepatic abscess 0 (0%) 0 (0%) 1(100%) 1
Genitourinary Infections 5(33%) 3 (20%) 7 (47%) 15 0.73
Pyelonephritis 5 (45%) 0 (%) 6 (55%) 11
Tubo-ovarian abscess 0 (0%) 3(80%) 1(20%) 4
Soft Tissue Infections 1 (8%) 4 (31%) 8 (61%) 13 0.03
Cardiovascular Infections 2 (29%) 2 (29%) 3 (42%) 7 0.61
Infective endocarditis 0 (0%) 1(33%) 2 (67%) 3
Pyogenic pericarditis 2 (67%) 0 (0%) 1(33%) 3
Tuberculous pericarditis 0 (0%) 1(100%) 0 (0%) 1

Malignant tumors accounted for 76 deaths. (Table 2) shows
the distribution of main malignant disease-related CoD in HIV-
positive, -negative and -unknown patients. Malignant lymphomas
and Kaposi’s sarcoma, which were predominantly diagnosed in
HIV-positive patients, were the most frequent tumors (30; 39%),
followed by tumors of the digestive (24; 31%), genitourinary
system (13; 17%) and other tumors (9; 12%). Hepatocellular
carcinoma was the second most frequent malignancy, with most
cases (91%) diagnosed in HIV-negative or —unknown patients.
Non-infectious cardiovascular diseases accounted for 75 deaths.
(Table 3) shows the distribution of these diseases in HIV-positive,
-negative and -unknown patients. Cerebrovascular conditions

accounted for 39 deaths (52%) and heart diseases for 36 (48%).
The distribution of both groups of cardiovascular CoD was similar
between HIV-positive, HIV-negative and HIV-unknown groups
(p=0.23). Half of cardiovascular CoD were due to hypertensive heart
failure (18; 50%), whereas ischemic heart failure was diagnosed in
a small proportion of cases (6; 17%). Other non-infectious diseases
accounted for 46 deaths. Table 4 shows the other non-infectious
CoD in HIV-positive, -negative and -unknown patients. The diseases
of gastrointestinal system comprised more than half of all diseases
in the overall group (26; 56%). No differences were observed

between HIV categories.

Table 2: Malignant tumors as main causes of death (CoD) in HIV-positive, -negative and -unknown patients.

HIV Status
Positive (n=36) Negative (n=16) Unknown (n=24) Total (n=76)
Type of Malignancy n (%) n (%) n (%) n P
Hematologic Neoplasms/Kaposi’s 24 (80%) 3 (10%) 3 (10%) 30 <0.001
Sarcoma

Kaposi sarcoma 20 (95%) 0 (0%) 1(5%) 21
Non-Hodgkin lymphoma 4 (70%) 2 (30%) 0 (0%) 6
Leukemia 0 (0%) 1(50%) 1(50%) 2
Plasma cell myeloma 0 (0%) 0 (0%) 1(100%) 1

Digestive Tract 5(21%) 8 (33%) 11 (46%) 24 0.006
Hepatocellular carcinoma 1(8%) 3(25%) 8 (67%) 12
Esophageal carcinoma 2 (33%) 3 (50%) 1(17%) 6
Colorectal carcinoma 2 (50%) 1(25%) 1(25%) 4
Gastric carcinoma 0 (0%) 0 (0%) 1 (100%) 1
Pancreatic carcinoma 0 (0%) 1(100%) 0 (0%) 1

Genitourinary System 2 (15%) 4 (31%) 7 (54%) 13 0.04
Urinary bladder carcinoma 1(25%) 1(25%) 2 (50%) 4
Uterine cervix carcinoma 1 (33%) 0 (0%) 2 (67%) 3
Breast carcinoma 0 (0%) 1(50%) 1(50%) 2
Endometrial carcinoma 0 (0%) 1 (100%) 0 (0%) 1
Kidney carcinoma 0 (0%) 0 (0%) 1 (100%) 1
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Prostatic carcinoma 0 (0%) 1(100%) 0 (0%) 1
Ovary (Yolk Sac Tumor) 0 (0%) 0 (0%) 1(100%) 1
Other Tumors 5 (56%) 1 (11%) 3(33%) 9 0.72
Glial neoplasms of the brain 2 (67%) 0 (0%) 1(33%) 3
Lung carcinoma 0 (0%) 0 (0%) 1 (100%) 1
Laryngeal carcinoma 1 (100%) 0 (0%) 0 (0%) 1
Retroperitoneal liposarcoma 0 (0%) 0 (0%) 1(100%) 1
Osteosarcoma 1 (100%) 0 (0%) 0 (0%) 1
Malignant melanoma (skin) 1 (100%) 0 (0%) 0 (0%) 1
Carcinoma of unknown origin 0 (0%) 1(100%) 0 (0%) 1

Table 3: The main non-infectious cardiovascular diseases as main causes of death (CoD) in HIV-positive, negative and -unknown

patients.

HIV Status

Positive (n=13)

Negative (n=15)

Unknown (n=47)

Total (n=75)

Type of Disease n (%) n (%) n (%) n p

Cerebrovascular Disease 4 (10%) 9 (23%) 26 (67%) 39 0.23
Hemorrhagic cerebrovascular accident 1(5%) 4 (20%) 15 (75%) 20
Ischemic cerebrovascular accident 2 (13%) 4 (27%) 9 (60%) 15
Hypertensive encephalopathy 0 (0%) 1(33%) 2 (67%) 3
Ruptured brain aneurysm 1 (100%) 0 (0%) 0 (0%) 1

Cardiovascular Disease 9 (25%) 6 (17%) 21 (58%) 36 0.23
Hypertensive heart failure 5 (30%) 4(20%) 9 (50%) 18
I[schemic heart failure 2 (30%) 2 (30%) 2 (30%) 6
Dilated cardiomyopathy 2 (40%) 1(20%) 2 (40%) 5
Rheumatic heart disease 1(33%) 1(33%) 1(33%) 3
Dissecting aneurysm of aorta 1(50%) 0 (0%) 1 (50%) 2
Congenital heart disease 1 (100%) 0 (0%) 0 (0%) 1
Iatrogenic cardiac tamponade 0 (0%) 1(100%) 0 (0%) 1

Table 4: The main other non-infectious diseases as main causes of death (CoD) in HIV-positive, -n

egative and -unknown patients.

HIV Status

Positive (n=10)

Negative (n=12)

Unknown (n=24)

Total (n=46)

Type of Disease n (%) n (%) n (%) n P
Digestive Tract Diseases (n=27) 4 (15%) 8 (30%) 15 (56%) 27 0.48
Acute hemorrhagic gastritis 0 (0%) 0 (0%) 7 (100%) 7
Cirrhosis with esophageal varices 2 (40%) 2 (40%) 1(20%) 5
Cirrhosis with liver failure 1(20%) 2 (40%) 2 (40%) 5
Toxic liver disease with necrosis 1(33%) 1(33%) 1(33%) 3
Intestinal occlusion by adherence 0 (0%) 2 (50%) 2 (50%) 4
Acute pancreatitis 0 (0%) 0 (0%) 1 (100%) 1
Massive bleeding due to hemorrhoids 0 (0%) 1(100%) 0 (0%) 1
Fulminant ischemic colitis 0 (0%) 0 (0%) 1(100%) 1
Other Diseases (n=9) 2 (22%) 4 (22%) 3(33%) 9 0.13
Complications of type 1 diabetes 2 (29%) 3 (43%) 2 (29%) 7
Acquired hemolytic anemia 0 (0%) 1(50%) 1(50%) 2
Respiratory System Diseases (n=5) 1 (20%) 0 (0%) 4 (80%) 5 0.39
Chronic obstructive pulmonary disease 1(50%) 0 (0%) 1 (50%) 2
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Asthma 0(0%) 0 (0%) 1(100%) 1

Pulmonary edema 0 (0%) 0 (0%) 1 (100%) 1

Post-operative pulmonary embolism 0 (0%) 0 (0%) 1(100%) 1
Genitourinary Diseases (n=5) 3 (60%) 0 (0%) 2 (40%) 5 0.07

Renal failure (HIV nephropathy) 3 (100%) 0 (0%) 0 (0%) 3

Renal failure (diabetic nephropathy) 0 (0%) 0 (0%) 1 (100%) 1

Ruptured ovarian endometrioma 0 (0%) 0 (0%) 1(100%) 1

Discussion

This is one of the largest autopsy-based studies conducted
in sub-Saharan Africa. The main strength of this study is that it
covers a full year, providing a good picture of the causes of death in
adults occurring at a single quaternary referral institution in sub-
Saharan Africa. Our data show that infectious diseases (55% of all
deaths) continue to be highly prevalent in Mozambique. This data
is in keeping with our previous studies on adult deaths in the same
institution [15,16], which revealed an even higher prevalence of
infectious CoD (71%), and HIV infection (>60% compared with the
37% observed in the current study).The high percentage of patients
in whom the HIV status was not known, in an area such as urban
Mozambique with high prevalence of HIV infection [17] reveals the
limited accessibility to laboratory tests occurring in most LMIC,
particularly sub-Saharan Africa, even in tertiary health institutions
[4,17]. However, the distribution of CoDs in this HIV-unknown
group, markedly different from the HIV-positive and similar to
the HIV-negative group, suggests that most of these patients were
probably HIV-non infected. Remarkably, the admission time prior
to death in this specific group was significantly shorter, indicating
that the absence of testing was likely due to the short timeframe
between admission and death.

The distribution of main CoD categories was markedly different
in HIV-positive compared with HIV-negative or -unknown patients.
Similar differences were observed in our previous study conducted
at the MCH [15] and in another autopsy series in Uganda [7].
Interestingly, the burden of infectious CoD was also high in patients
with HIV-negative or unknown status (51 and 50%, respectively).
Another autopsy study conducted in Zambia reported even higher
prevalence of infection in seronegative cases (79%) [9]. In contrast,
our previous postmortem study in Mozambique [15,16] and an
Ugandan series have reported lower number of infectious diseases
in HIV-negative patients (27%) [7]. As expected, and similarly to
other post-mortem series in sub-Saharan Africa [7-9,15,18,19],
India [20] and Brazilian Amazon [3], tuberculosis was the leading
infectious CoD in HIV-positive patients, contributing to one-
third of all CoD in this group. These findings are clearly different
from studies conducted in other geographic areas that reported
Cytomegalovirus as the leading CoD in HIV-positive patients,
whereas tuberculosis accounted for a small percentage of cases
(<3%) [21]. In our series, disseminated (miliary) tuberculosis

was the predominant form of the disease, which is in keeping

with the findings of other reports [7,9,20]. This high proportion
of disseminated tuberculosis probably reflects the high degree of
immunosupression of HIV-positive patients included in the study
[22]. However, tuberculosis was also a frequent CoD in HIV-negative
and -unknown patients, comprising up to 15% of all deaths in
these groups. These findings are in contrast with other autopsy
studies in sub-Saharan Africa, in which tuberculosis was rare in
HIV-negative and -unknown patients [7,9,16,19,23]. These results
highlight the need of expanding the use of the point-of-care tests for
tuberculosis, such as the Xpert MTB/RIF and Xpert MTB/RIF ultra
[24,25], which, although already introduced in Mozambique [26]
and other LMIC [27], are probably underutilized. As in many other
autopsy series, other frequent infectious CoD included pyogenic

pneumonia and central nervous system infections [7,8].

Notably, pyogenic pneumonia was more frequent in HIV-
negative and -unknown patients, in keeping with other studies
in sub-Saharan Africa [19,23]. These results highlight the need of
continued introduction of rapid point-of-care tests [28] for non-
tuberculous bacterial infections in LMIC. Point-of-care tests already
introduced in Mozambique for some specific conditions (Xpert
MTB/RIF and Xpert MTB/RIF ultra for tuberculosis, cryptococcal
antigen assays, birth HIV testing [26]) could serve as successful
examples to encourage implementation of a new sensitive and
specific molecular automated next generation tests for other
infectious diseases. Surprisingly, severe malaria was low but
much more frequent than expected in an adult population from
an endemic country (2%). Most patients who died of malaria were
middle-aged (mean age, 40), which is in contrast with the older age
of patients dying of malaria in adulthood reported in other series
[29]. Although the low immunity acquired by the population of
Maputo City and Province, an area that has successfully reduced
the burden of malaria [30], can be the cause of this unexpected
mortality, further studies on the true burden of severe malaria in

this particular age group are warranted.

Another curious finding in this series is that we did not identify
any case of Cytomegalovirus infection. This infection has been
reported in Ugandan, Kenian and Zambian series, but with a low
frequency [7,9,23]. However, the unavailability of microbiological
testing or immunohistochemistry may explain, at least in part,
the absence of any identified case, because the viral inclusions in
H&E stained slides are usually scarce and unevenly distributed
and, consequently, difficult to detect [31]. Similarly to other LMIC,
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Mozambique shows a dual burden of malignant diseases. Indeed, a
high incidence of malignancies of infectious etiology was identified,
including the typically HIV-associated neoplasms (Kaposi’s sarcoma
and malignant lymphomas), hepatocellular carcinoma, associated
with hepatitis B virus and bladder cancer, related to Schistosoma
infection. Kaposi’s sarcoma was the most frequent malignancy in
this series, which is in accordance with the cancer registry reports
from Beira [32], the second biggest city in Mozambique [33], and
with other autopsy studies conducted in sub-Saharan Africa [7,9].
Liver carcinoma was the second most frequent malignancy in our
series and was predominantly identified among non-HIV-infected
male patients. Despite the reduction in its frequency, recent data
has shown that liver cancer is the third most frequent cancer in
Maputo in males [34]. Interestingly, in the first half of 20* century,
Mozambique showed the highest incidence of this cancer among
other sub-Saharan countries, especially in young black African
males living in the capital [35,36]. The carcinogens responsible
for this high incidence included mainly chronic hepatitis B virus
infection, but also hepatocarcinogenic toxins and dietary iron
overload [35]. However, in addition to these infection-related
cancers characteristic of LMIC, an increasing incidence of cancers
typical of western populations, like colorectal or breast carcinoma
[37] was observed, which is likely due to the westernization of
the lifestyles of the population living in the Maputo urban area, a
phenomenon occurring in other African countries [38,39].

Cardiovascular diseases accounted for a quarter of the
CoD in HIV-negative and -unknown patients. The World
Health Organization estimated that by 2020, 80% of the global
cardiovascular disease burden will occur in LMIC countries [40-
46]. The urbanization and westernization of the lifestyles in
Mozambique might be responsible for the increasing incidence
of cardiovascular diseases [47], in particular increasing alcohol
use, together with highly caloric diet with high salt intake [48]
and low fruit and vegetable consumption in urban areas [49,50].
Furthermore, the high burden of non-infectious digestive deaths in
our study reminisces the overall high prevalence of this digestive
fatal conditions in high-income countries [51]. Notably, many
LMIC are not prepared to manage this new burden [52,53]; lack
of clinical protocols, algorithms for risk stratification and poor
access to essential care have been recently identified as critical
gaps in the management of hypertension in Mozambique [54].
Other studies have recently highlighted the increasing prevalence
of hypertension and cerebrovascular diseases in African LMIC [40],
including Mozambique [41,42], especially in urban areas [43,44].
Interestingly, the deaths caused by heart failure were mostly due
to hypertensive heart disease, and not to ischemic cardiopathy,
which is in line with the accumulated evidence that the burden of

coronary artery disease remains low in the black Africans [45].

The main limitation of this study is the complete absence of any
microbiological testing in blood, cerebrospinal fluid and tissues.

Thus, we were not able to establish the diagnosis of sepsis as the
bloodstream infection should be demonstrated in multiples organs
mainly by microbiology as histological findings alone are highly
unspecific to diagnose sepsis. Moreover, lack of microbiological
testing precluded us from confirming or establishing HIV status
in our series and identifying the infectious agent(s) associated to
certain infectious diseases and infection-related malignancies. A
second limitation is the possible bias introduced by the selection
of the patients, as autopsy was performed in a reduced percentage
(9%) of all adult deaths occurring at the MCH. However, this is
one of the largest autopsy studies in the sub-Saharan area and its
results are in keeping with other studies conducted in the region.

Conclusion

The burden of infectious diseases associated to HIV infection,
such as tuberculosis remains high in Mozambique. The HIV testing
rates should be improved during the clinical evaluation of the
patients. Apart from tuberculosis, and regardless of HIV status,
pyogenic infections of the lungs and the central nervous system
(most likely bacterial) are also prevalent and require improvement
of the diagnostic and treatment strategies. Mozambique is also
struggling with non-communicable diseases, mainly cardiovascular
and oncologic conditions. Consequently, health strategies should
be focused, not only on prevention and management of common
infectious diseases such as HIV, tuberculosis and malaria [37], but
also on the increasing burden of malignant and cardiovascular
conditions. Finally, our study stresses the need of conducting
regularly large autopsy-based studies in LMIC countries to
adequately monitor the burden of infectious, neoplastic and
cardiovascular diseases. These studies should ideally include
additional microbiological analysis, to allow better classification of
the different infectious diseases and the HIV status.
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