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Background: Schistosomiasis affects many parts of the human body including

those not usually accessible during routine clinical follow-up. We investigated

the presence of schistosomiasis in routine tissue specimens sent to the only

public histopathology laboratory in KwaZulu-Natal, South Africa.

Methods: The catchment area for the Department of Anatomical Pathology

constitutes 11 million people in 10 districts. We retrospectively reviewed all the

histopathology reports for occurrence of schistosomiasis between 1 January

2015 and 30 June 2020.

Results: Schistosomiasis was identified in the appendix, uterine cervix, urinary

bladder, lung, liver, fallopian tubes and prostate. During the study period, 725

cases had a diagnosis of schistosomiasis confirmed on histopathology, which

equals 0.3% of the total number of specimens sent to the laboratory. Female

genital schistosomiasis represented 49.1% (356/725) of the schistosomiasis cases

of which 25.1% (182) were from the uterine cervix and 24% (174) from the

fallopian tubes. The appendix had 39.7% (289) of all the cases of schistosomiasis.

Other organs were urinary bladder (4.4%, 32), lung (3.2%, 23) and liver (2.6%, 19).

There were two cases of schistosomiasis in the prostate and four cases in the

anorectal region. The main three indications for taking biopsies were acute

appendicitis, cervical intraepithelial neoplasia, and sterilization. Majority of the

schistosomiasis cases (312) were from eThekwini/Durban metropolitan district,

however this represented only 1.2% (312/25 111) of the specimens received from

eThekwini/Durban. The districts with the highest percentage positive cases were

uMkhanyakude (43/965, 4.5%), followed by Ugu (129/5 251, 2.6%), and King

Cetshwayo districts (132/5 360, 2.5%).
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Conclusion: Clinicians in the KwaZulu-Natal public health sector hospitals did

not suspect schistosomiasis when they submitted patient samples for

histopathological investigations. The study indicates the prevalence and the

diversity of the body organs affected by schistosomiasis.
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1 Introduction

Schistosomiasis (Bilharzia), is an acute and chronic tropical disease

caused by trematodes of the genus Schistosoma (1). The schistosome

parasite is transmitted through a fresh water snail intermediate host

with the human being the definitive host (1). Worldwide,

schistosomiasis continues to cause a public health problem with

251.4 million individuals requiring preventative treatment for

schistosomiasis in 2021 (2). The disease is present in 78 countries

and preventive chemotherapy is required in 51 endemic countries with

moderate to high transmission (2). Approximately 90% of those who

need preventative chemotherapy live in Africa (3, 4).

Although schistosomiasis has been successfully controlled in

many countries, its burden remains high in sub-Saharan countries

(1, 5). Transmission of the disease is dependent on the particular

snail host (1). The distribution of schistosomiasis in South Africa is

based on temperature suitability and lack of full access to protected

water for all uses, including recreational swimming and contact

with fresh water in connection with household chores or incidental

seasonal contact, such as crossing a flooded stream (6–8). This has

resulted in the disease being prevalent in the Mpumalanga,

Gauteng, KwaZulu-Natal, North West, Limpopo, and Eastern

Cape Provinces (6–8). The Limpopo, Mpumalanga, and

KwaZulu-Natal provinces have an estimated 70% of the national

burden in South Africa (6).

The World Health Organisation (WHO) had advocated for the

elimination of schistosomiasis and soil-transmitted helminthiases

by 2030 (8). Several community-based studies on schistosomiasis

have been undertaken in KwaZulu-Natal over the past ten years and

show that the disease is still prevalent (8–10).

There are several species of Schistosoma, however, in Sub-

Saharan Africa, Schistosoma haematobium accounts for two-

thirds of the schistosomiasis cases (11). The diagnosis of

schistosomiasis is largely based on the identification of parasite

ova on urine or stool microscopy, however, polymerase chain

reaction (PCR), serology and immunological tests for antigens

may be done (2). Systematic histopathology studies on

schistosomiasis have found that schistosoma ova may be found in

various organs including the female genital tract, gastrointestinal

tract, lungs and brain (12). Tissue diagnosis of schistosomiasis may

be undertaken; however, the skill set required and invasive nature of

this diagnostic approach limits its utility (11, 13).
02
The tissue reaction patterns to Schistosoma ova have been

described and include granulomatous inflammation, activated T-

cells, eosinophils and/or fibrosis (14–16). Most of reactions were

described prior to the HIV pandemic. However, schistosome

infections have been found to be associated with increased HIV

transmission (17–19). Studies on HIV progression in

schistosomiasis have been contradictory (20, 21).

A better understanding of the geographic and anatomical

distribution of schistosomiasis is important in controlling the

disease in the general population and to better manage the

individual patient. In this study, we aim to determine the

prevalence and anatomical distribution of schistosomiasis in the

histopathological surgical biopsies, and the geographic distribution

of schistosomiasis in KwaZulu-Natal hospitals, South Africa.
2 Materials and methods

2.1 Permissions and ethical considerations

This is a retrospective laboratory-based study conducted in

accordance with the regulations of the National Health Laboratory

Service (NHLS), and the approval of the Biomedical Research Ethics

Committee (BREC) of the University of KwaZulu-Natal (Ref:

BREC/00001997/2020). Patient names and other identifiers were

removed, and unique link numbers were assigned to each case.
2.2 Study area

The National Health Laboratory Service (NHLS), Department

of Anatomical Pathology Laboratory is the only public anatomical

pathology laboratory in KwaZulu-Natal province, South Africa and

is located at Inkosi Albert Luthuli Central Hospital (IALCH),

Durban, South Africa. Private laboratories serve the more affluent

populations of the province.
2.3 Study population

We used the Systemized Nomenclature of Medicine

(SNOMED) codes in searches at the NHLS Corporate Data
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Warehouse (CDW) of all the cases referred to IALCH in for the

period 01 January 2015 to 30 June 2020 (66 months). The search

terms were “Schisto* or Bilharzia” and organ of origin was noted

(appendix, uterine cervix, urinary bladder, lung, liver, fallopian

tubes and prostate). A second search was performed for all

specimens in these organs. Information, such as hospital name

(where specimen was obtained), patient age, gender, and organ

sampled were recorded on a data sheet.
2.4 Laboratory investigations

The specimens were routinely fixed in 10% buffered

formaldehyde solution. Once in the laboratory, the tissues were

grossed and processed using a vacuum infiltration processor (VIP).

Paraffin-embedded tissue blocks were sectioned at 4μm thickness.

The sections were stained with hematoxylin and eosin following

standard protocol. Individual stained slides were analyzed by

pathologists who issued the final report. An incidental finding is

defined as something found, not related to the reason the doctor

ordered the test.
2.5 Geographical data

KwaZulu-Natal is located in the east of South Africa. It is

bounded to the east by the Indian Occean, to the west by Lesotho

and the Free State province, to the north by eSwatini and

Mozambique, to the south by the Eastern Cape province, and to

the north-west by the Mpumalanga province. KwaZulu-Natal

Province covers an area of 94 361km² and is divided into 11

health districts. The province has a population of 11.1 million

(2016 census) (22). The catchment area for the Department of

Anatomical Pathology is the 10 of the 11 health districts in the

KwaZulu-Natal province. Amajuba district (population 0.5 million)
Frontiers in Tropical Diseases 03
did not send specimens to our laboratory during the study

period (22).
2.6 Statistical methods

Data were processed using the following software programs:

Excel 2000 (Microsoft, Redmond, WA) and SPSS (version 28.0;

SPSS, Chicago, IL). Means and frequencies (%) were used to

describe patients’ characteristics. For categorical variables,

comparisons were performed by either Fisher’s exact test or c2
test. For strength of association, a p value of ≤ 0.05 was

considered significant.
3 Results

During the study period (66 months), 209 579 specimens were

examined at the Department of Anatomical Pathology, Inkosi

Albert Luthul i Central Hospi ta l , eThekwini/Durban.

Schistosomiasis was only identified in the appendix, uterine

cervix, urinary bladder, lung, liver, fallopian tubes, anorectal

region and prostate. The histopathological specimens came from

58 hospitals in 10 (of the 11) health districts in KwaZulu-Natal

province (Figure 1). The mean age of the biopsied patients was 36.5

years (SD 16.0). Overall, 80.2% (168 082/209 579) of the patients in

the study were females and 19.4% (40 658/209 579) were males.

Specimens were referred for investigation on suspicion of

malignancy, postmortems, sterilization (tubal ligation), clinical

suspicion of ectopic pregnancy (salpingectomies), appendicitis

(appendectomies), and cervical intraepithelial neoplasia (from

punch biopsies to hysterectomies). Only one clinician queried

schistosomiasis, the specimen was from the bladder, the rest (724/

725, 99.9%) were incidental findings.

Of the 725 schistosomiasis cases, 264 (36.4%) were males and

461 (63.6%) were females. Table 1 shows that 49.5% (356/725)
FIGURE 1

Distribution of Schistosomiasis cases by district Amajuba District did not send specimens during the study period.
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schistosomiasis cases were found most often in the female genital

tract, and secondly in the appendix. Amongst the total number of

specimens received in the department only 0.3% (725/209 579) had

schistosomiasis confirmed on histopathology. Figure 2 shows the

histopathological features of schistosomiasis in fallopian tubes and

appendix specimens.

Female genital schistosomiasis cases were found in the uterine

cervix 25.1% (182/725) and in the fallopian tubes 24% (174/725).

The fallopian tubes were submitted either alone as a salpingectomy

(2.3%; 457/19 556) or tubal ligation specimen (70.3%; 13 756/19

556), or as part of a more complex specimen from a hysterectomy

and/or oophorectomy procedure (27.3%; 5 343/19 556). Tubal

ectopic pregnancies accounted for 14.4% (25) of all the tubal
Frontiers in Tropical Diseases 04
schistosomiasis cases. Amongst those who had a fallopian tube

specimen, ectopic pregnancy was found more often in those who

had schistosomiasis than those who did not (Age-adjusted odds

ratio 7.3, 95% CI 4.6-11.7, p<0.001).

Table 1 shows that there is significantly higher prevalence of

schistosomiasis in males compared to females (p <0.001),

appendicectomy and liver specimens contributed significantly to that.

The appendix had 39.7% (289/725) of all the cases of schistosomiasis.

Other organs were urinary bladder 4.4% (32/725), lung 3.2% (23/725)

and liver 2.6% (19/725). There were 2 cases of schistosomiasis in the

prostate and 4 cases in the anorectal region). Figure 2 indicates that

schistosomiasis was sometimes seen with an associated inflammatory

response and in some cases elicited a meagre response.
TABLE 1 Prevalence of schistosomiasis in organs submitted for histopathology in KZN.

Organ Schistosomiasis Schistosomiasis in males Schistosomiasis in female P-value

Appendix 289/10 080 (2.9%) 213/5 834 (3.7%) 76/4 246 (1.8%) <0.001

Urinary Bladder 32/1 723 (1.86%) 15/983 (1.5%) 17/740 (2.3%) 0.24

Lung 23/2 210 (1%) 16/1 433 (1.1%) 7/777 (0.9%) 0.63

Liver 19/1 907 (1%) 15/1 021 (1.5%) 4/886 (0.5%) 0.03

Anorectal 4/403 (1%) 3/230 (1.3%) 1/173 (0.6%) 0.47

Cervix 182/12 395 (1.47%) Not applicable (NA) 182/12 395 (1.47%) NA

Fallopian tubes 174/19 556 (0.89%) NA 174/19 556 (0.89%) NA

Prostate 2/2 161 (0.1%) 2/2 161 (0.1%) NA NA

Total 725/50 435 (1.4%) 264/11 662 (2.3%) 461/38 773 (1.2%) <0.001
fro
NA, Not Applicable.
FIGURE 2

Histopathological features of schistosomiasis in acute appendicitis and ectopic pregnancy cases (A) Appendiceal tissue showing transmural
Schistosoma eggs. Absence of inflammatory reaction around the eggs is noted (H&E, 10x (magnification)) (B) Appendix showing mucosal
Schistosoma eggs with granulomatous response (H&E, 20x). (C) Fallopian tube showing mucosal Schistosoma eggs with no associated inflammatory
response (H&E, x20) (D) Muscularis showing an egg with small terminal spine (arrow) (H&E, x40).
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Sixty four percent (457/725) of the patients with schistosomiasis

were female and 36% (259/725) were males (in 9 people gender was

not reported). The patients with schistosomiasis (mean age 31.1,SD

13.4) were younger than those without, (mean age 36.6, SD16.0,

p<0.001). Majority of patients (84%) with schistosomiasis were

between the ages of 10 and 50 years (Figure 3). In the age group 10-

19 years 91% (126/138) of the schistosomiasis cases were found

during appendectomies.

Of the hospitals, King Edward Hospital (eThekwini/Durban)

contributed most schistosomiasis cases 22.4% (70/312) (Figure 4)

and most of the schistosomiasis cases (312), were from eThekwini

metropolitan district as shown in Figure 4, however representing

only 1.2% (312/25 111) of the specimens received from eThekwini,

from these organs. Figure 5 shows that the districts with the highest

percentage positive cases were uMkhanyakude 4.5% (43/965),

followed by Ugu 2.6% (129/5 251), and King Cetshwayo districts

2.5% (132/5 360).
Frontiers in Tropical Diseases 05
4 Discussion

Clinicians in the KwaZulu-Natal public health sector hospitals

did not suspect schistosomiasis when they submitted patient

samples for histopathological investigations. Amongst these

incidental findings, genital schistosomiasis was the most common

and ectopic pregnancy was found more often in those who had

schistosomiasis than those who did not. Secondly, schistosomiasis

was found in the appendix, mostly in boys between the ages of 10

and 19 years. This study shows that schistosomiasis may be found in

urban patients, either due to patient migration or referral from rural

places, although urban transmission cannot be precluded (23).

The results from this retrospective study confirm the existence

of schistosomiasis in patients attending the KwaZulu-Natal public

healthcare sector. Confirming previous research, schistosomiasis

was predominantly diagnosed as an incidental finding when a

biopsy was done for other indications (12). The main indications
FIGURE 3

Age distribution among patients with Schistosomiasis.
FIGURE 4

Distribution of Schistosomiasis cases in eThekwini/Durban Metropolitan Area by hospital.
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for the biopsies in this study include cervical intraepithelial

neoplasia (CIN), sterilization, acute appendicitis, and ectopic

pregnancy. Patients presenting for cervical intraepithelial

neoplasia (CIN) and tubal ligation are likely to have

schistosomiasis discovered as an incidental finding as they may be

asymptomatic. Clinical presentation of acute appendicitis or ectopic

pregnancy secondary to schistosomiasis are indistinguishable from

other causes and routine hematological and biochemical analyses

(24–27).

Many studies have investigated schistosomiasis in school-aged

children (8, 28–30). In this study, we have collected data from a

wider age range; and have higher prevalence in boys than in girls.

Schistosomiasis was also found more often in the young than in the

old. However, from the age of 30 years, there is a higher prevalence

of schistosomiasis among females. In a systematic review and meta-

analysis study by Ayabina et al., gender-related differences in the

prevalence were attributed to differences in gender roles in

recreational and domestic water contact (31). Our study further

reaffirms the gender-related differences in prevalence of

schistosomiasis, however determining the causes for the

differences is beyond the scope of this study.

There have been several studies exploring schistosomiasis in

KwaZulu-Natal among school girls and these studies have shown a

high prevalence of schistosomiasis in the coastal districts of

KwaZulu-Natal (6, 28, 32). Previous research has indicated that

uMkhanyakude, Ugu, and King Cetshwayo districts have areas

highly endemic for schistosomiasis. This study further supports

the current evidence. In addition, this study has demonstrated

schistosomiasis in histopathology samples in the eThekwini/

Durban metropolitan hospitals. Urban transmission of

schistosomiasis has been documented in a number of countries

(33–37). Urban district hospitals such as Prince Mshiyeni Memorial
Frontiers in Tropical Diseases 06
Hospital and RK Khan Hospital demonstrated a high number of

schistosomiasis cases which could indicate local transmission.

Tertiary and quaternary referral hospitals such as King Edward

and Inkosi Albert Luthuli Central Hospitals equally demonstrated a

high number of schistosomiasis cases. Although some of the cases

seen at tertiary and quaternary hospitals would have been referrals

from the rural areas, specimens such as appendicectomies and

uterine cervical biopsies are done in local hospitals with few

exceptions. As a result of this, urban transmission in the

eThekwini/Durban metropolitan area cannot be precluded.

The majority of the schistosomiasis positive specimens were

from the female genital tract, appendix and the urinary bladder. The

indications for fallopian tube removal were for sterilization, ectopic

pregnancy, and as part of a hysterectomy specimen. Tubal ectopic

pregnancy and infertility are known sequelae of untreated

schistosomal tubal disease (38). The manifestations of tubal

schistosomiasis range from mild reaction to severe fibrotic

granulomatous reaction which may impair tubal motility and

patency, thus predisposing to ectopic pregnancy and infertility

(38). Our findings further support that schistosomiasis may be a

risk factor for ectopic pregnancy.

The appendix demonstrated the highest prevalence of

schistosomiasis amongst the key organs. Notably, the indication

for appendicectomy specimens was documented as acute

appendicitis and some as part of hemicolectomy specimens, and

in no instance was schistosomiasis a diagnostic consideration

clinically. The role of schistosomiasis of the appendix in the

pathogenesis of acute appendicitis remains unclear. The current

thinking however is that schistosomiasis may cause acute

appendicitis due to immunologic granulomatous response,

excessive obstructive fibrosis, and ischemic alterations induced by

egg emboli. The obstruction and ischemia then subsequently
FIGURE 5

The geographical distribution of tissue schistosomiasis in KwaZulu-Natal. Schistosomiasis cases per 100 000 specimens (coloured dots) are
extrapolated from the study data.
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compromise the mucosal immunity, leading to bacterial infection

(39, 40). The presence of the Schistosoma parasite does not always

give rise to acute appendicitis as not all cases of schistosomiasis in

the appendix are associated with appendicitis (39, 41). Numerous

case reports and series have been documented on schistosomal

appendicitis (24, 39–44). The possibility of parasitic infection

having occurred years ago and a recent bacterial agent being able

to provoke the present appendicitis have also been raised (45).

Distinguishing schistosomal appendicitis from appendicitis

associated with presence of Schistosoma eggs may thus not be

entirely possible. Suffice to say however that the diagnosis must be

entertained in patients from schistosomiasis-endemic areas with

features of acute appendicitis or recurrent, dexterous abdominal

pain (46).

Specimens from the cervix were mostly from patients with

squamous cell carcinoma, high-grade squamous intraepithelial

neoplasia, or persistent low-grade squamous intraepithelial

neoplasia detected on Pap smears before the biopsy. Some of the

specimens were from hysterectomy specimens for either fibroid

uterus or endometrial carcinoma. The lower female genital tract

(uterine cervix) was more frequently found to be positive for

schistosomiasis relative to the upper female genital tract (fallopian

tubes). This finding in our study is consistent with findings in other

retrospective histopathology studies carried out in Egypt, Malawi,

Mozambique, South Africa, Tanzania, and Zimbabwe which have

also showed that genital involvement most often occurs in the

cervix and less frequently in the fallopian tube (12, 47–50).

Colposcopy features of schistosomiasis are well described and

documented, however, none of our cases had schistosomiasis as a

comorbid clinical diagnosis at the time of biopsy (51). The lack of

consideration of schistosomiasis by colposcopists/gynecologists in

KwaZulu-Natal, which is a schistosomiasis endemic area, is of some

concern as this may be an indicator that patients are deprived of

early diagnosis and treatment with subsequent complications.

The other organs demonstrating deposition of schistosoma ova

in our cohort were the urinary bladder, lung, liver, prostate, and

anorectal region. Whilst these organs had a smaller contribution, it is

notable that the urinary bladder was amongst the organs with a

higher percentage of schistosomiasis. Furthermore, pulmonary

schistosomiasis is not an uncommon disease and it can occur in

both acute and chronic phases of schistosomiasis (52). Majority of

the patients in the acute phase are asymptomatic with a few

presenting clinically as Katayama fever. Chronic pulmonary

schistosomiasis presents with non-specific clinical and imaging

findings related to pulmonary fibrosis, pulmonary hypertension

and subsequent cor pulmonale (53).

We have demonstrated the wide distribution of schistosomiasis.

Although we did not identify cases of neuroschistosomiasis in the

period under review, it is worth noting that central nervous system

schistosomiasis is a well-described entity that presents with

neurological symptoms (54).
Frontiers in Tropical Diseases 07
4.1 Limitations

Though this study has shown that schistosomiasis is still

prevalent in KwaZulu-Natal, it is important to note that this is

based purely on histopathology samples and thus is not a true

reflection of schistosomiasis burden in the community. For

preclusion of schistosomiasis several sections should be done as

the schistosoma eggs lie in clusters and may be missed (55). The

histopathological technician was not alerted of this differential

diagnosis by the clinician; hence this study certainly is an under-

estimate of the true presence of schistosomiasis.

The figures obtained in this study also may not be a true

reflection of the burden of disease in KwaZulu-Natal as most but

not all specimens were sent to the Department of Anatomical

Pathology laboratory.

Prior studies have shown S. haematobium as the most prevalent

species in KwaZulu-Natal (9, 56). The other schistosome species,

namely S. mansoni and S. japonicum are not endemic in KwaZulu-

Natal (9, 56). In our study, this was not analyzed as the species were

not differentiated in routine histopathology dyes.

The exact indication for the samples was often not given and

could not be readily deduced from the pathology reports.
4.2 The impact

Schistosomiasis is still present in the community and remains a

significant public health challenge.
4.3 Recommendations

South Africa needs to urgently implement programs towards

the elimination of Neglected Tropical Diseases if it is to meet the

WHO target of 2030 to end suffering from schistosomiasis.

Clinicians should consider schistosomiasis as a differential

diagnosis and when the technician is making sections for

histopathological analyses, serial sections should be presented to

the histopathologist. Furthermore, investigations are required to

validate or disapprove findings suggestive of schistosomiasis

transmission in the eThekwini/Durban metropolitan area.

Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: The datasets analyzed during the current

analysis are not publicly available due to them containing

information that could compromise patient privacy including

patient’s first and last name, gender, location and test conducted.

Requests to access these datasets should be directed to https://

aarms.nhls.ac.za/NHLS_AARMS/Public/Default.aspx.
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