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Abstract                                                                                                                                                  

Background: Several serological tests have been used for the diagnosis of human brucellosis. The 
serum standard tube agglutination test (STAT) for brucellosis is considered a reference tool to which 
other tests are compared. The indirect Coombs' antihuman-globulin test is a notable test for diagnosis 
of human brucellosis.   

Objective: To evaluate the standard agglutination and indirect Coombs' antihuman-globulin 
tests in the laboratory diagnosis of brucellosis.  
 

Materials and Methods: Sera were collected from febrile and non-febrile subjects, in           
contact and not in contact with dairy animals or consuming unpasteurized dairy products. Brucella 
antibodies were assayed by the STAT and indirect Coombs' antihuman-globulin test.                                                    

Results: A total number of 30 febrile patients were investigated. The population studied were 
aged 9 to 80 years, 26 of them were in contact with cattle, sheep or goats. 11.5 per cent of them 
were found significant for brucellosis. Brucella abortus antibodies significance rate was 16.7% 
by STAT, and 46.7% by indirect Coombs' antihuman-globulin test. Brucella melitensis antibodies 
significance rate was 6.7% by STAT, and 33.3% by indirect Coombs' antihuman-globulin test. 

Conclusion: The STAT was found to be the most practical and sensitive procedure for the 
diagnosis of acute brucellosis. While the indirect Coombs' antihuman-globulin test was found 
more sensitive and it can eliminate the prozone problem. Also it may help in diagnosis of chronic 
and past infections of Brucella and helps in the follow-up of patients. 
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Introduction                                                                                                                                                 

Brucellosis can be very common in countries where animal disease control programs have not 
reduced the amount of disease among animals. Although brucellosis can be found worldwide, it 
is more common in countries that do not have good standardized and effective public health and 
domestic animal health programs. Areas currently listed as high risk are the Mediterranean Basin 
(Portugal, Spain, Southern France, Italy, Greece, Turkey, and North Africa), South and Central 
America, Eastern Europe, Asia, Africa, the Caribbean, and the Middle East. Unpasteurized 
cheeses, sometimes called "village cheeses," from these areas may represent a particular risk for 
tourists1.  

Different clinical outcomes are observed in human brucellosis. An exact diagnosis is based on 
cultivation of the pathogen1. Problems may occur during the diagnosis because of difficulties in 
the isolation of bacteria, and some laboratories may not have the facility for Brucella culture. 
Reported isolation rates of Brucella may differ from 15% to 70% and 50% to 90% in manual and 
automated systems respectively. Thus, serology plays a major role in the diagnosis of brucellosis. 
Even so, there are some difficulties in the evaluation of test results2. The standard tube 
agglutination test (STAT) is used routinely in serological diagnosis, but false negatives may be 
observed due to blocking antibodies. The definitive test for Brucella is the Coombs' test3.  

Brucellosis is an endemic zoonotic disease in many parts of the world, notably in Sudan, Mediterranean 
countries and the Middle East. Many cases of pyrexia of unknown origin (P.U.O.) are seen 
commonly in hospitals and health centres in all parts of Sudan. This necessitates the proper 
diagnosis of brucellosis as one of the possible conditions leading to P.U.O.4. The diagnosis of 
brucellosis is made by the isolation of Brucella species, but this method is successful in only 40 to 70% 
of cases5. Therefore, laboratory diagnosis of brucellosis very often relies on detecting specific serum 
antibodies. However, the interpretation of these two tests is often difficult in areas of endemicity in 
which a large part of the population has contact with animals or products of animal origin and could 
develop antibodies against Brucella as noticed in Sudan6. Although undulant fever was first reported in 
the Sudan 100 years ago by Bousefield (1908), the serological diagnosis of this disease has not been 
reviewed fully in this country. The object of this study, therefore, is to evaluate the use of both the 
STAT and indirect Coombs' antihuman-globulin tests in the laboratory diagnosis of human 
brucellosis in Khartoum. This will form a basis for the accurate interpretation of these two tests and 
likewise add to the full diagnosis of the condition. The results of this study may be applicable in 
tropical countries with similar circumstances as in Sudan. 
 

Materials and methods         

This is a comparative case study. It was conducted at Al-Kabbashy Hospital (Khartoum State, 
Sudan). The study population was 30 febrile patients of different age groups and gender, in 
addition to 25 non-febrile control subjects. The sampling technique was a convenience, non- 
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probability sampling. Data were collected and analyzed using master sheet and SPSS program. 
Approval to conduct the study was taken from the Faculty of Medical Laboratory Science (Al- 
Neelain University, Khartoum) and from Al-Kabbashy Hospital, Khartoum State, Sudan). Verbal 
consent of all subjects studied was obtained. The study was performed during the period from April 
to July, 2009. The population investigated was divided into three groups: The first group was febrile 
patients in contact with dairy animals (cattle, sheep and goats) or consuming unpasteurized dairy 
products. The second group was febrile patients not in contact with dairy animals and not 
consuming unpasteurized dairy products. The third group was healthy, control subjects. 
Demographic data (name, age, gender, occupation and residence) were collected from every 
person investigated, using an interviewing questionnaire. All patients were questioned about 
symptoms suggesting brucellosis (fever, marked fatigue, joint pains, right hypochondrial pain and 
nocturnal sweating). The probability of any contact with cattle, sheep or goats, or any 
consumption of unpasteurized milk or dairy products was noted. Past medical history indicative 
of human brucellosis (past history of jaundice, bouts of fever, frank attack of undulant fever) was 
also recorded. Venous blood samples were collected aseptically from all persons investigated. The 
blood was left to stand on the bench for 6 hours to separate the serum. The serum was then 
centrifuged and examined on the same day or stored in a deep-freeze cabinet at - 18˚C until tested. 
Brucella antibodies were detected by the standard tube agglutination test method using non-
absorbed Brucella antigens. Methods used for the preparation and the standardization of the antigen 
and the SAT were according to Alton and Jones7. Serum was diluted in two-folds serially from 1:20 
to 1:640 using 5% saline solution. The final volume of the diluted serum in each tube was 1 ml. 
0.5 ml of Brucella abortus or Brucella melitensis antigens were added to all test and control 
tubes. After mixing, incubation was carried out at 37˚C for 24 hours. The tubes were then 
refrigerated at 4˚C for 1 hour. They were then examined immediately against a black 
background. The agglutination titre was recorded in International Units per millilitre (I.U./ml) 
according to the Fourth Report of the Joint FAO/WHO Expert Committee on Brucellosis8.                                                                    
Indirect Coombs' antihuman-globulin test was selected to detect IgG Brucella antibodies. The 
patient’s serum was diluted serially with saline and an equal volume of Brucella abortus or 
Brucella melitensis antigens were then added. After mixing, incubation was carried out at 37˚C 
for 24 hours .The tubes were then refrigerated at 5˚C for 1 hour. They were then centrifuged at 
4000 rpm for 15 min. The washing of the sediment was carried out three times, and then re-
suspended in 0.5ml saline. 0.1 ml Coombs' anti human globulin rabbit serum was then added to 
each test and control tubes. After mixing, incubation was carried out at 37˚C for 30 min. and 
agglutination was then recorded. This agglutination is due to the antihuman-globulin reacting 
with the non-agglutinating antibodies fixed to the brucellae9. 

Results 

The total number of cases investigated was 54 male and female patients. From these cases, 26 were febrile 
patients in contact with cattle, sheep and goats; or consuming unpasteurized dairy products, and only 
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four were febrile patients not in contact with dairy animals and not consuming unpasteurized dairy 
products. Also the study investigated 25 healthy, control subjects; 20 of them were not in contact with 
dairy animals and not consuming unpasteurized dairy products; and only five of them were in contact 
with dairy animals and consuming unpasteurized dairy products. The febrile population studied 
included eight laboratory technologists (26.7 %), two farmers (6.7 %), one nurse (3.3 %), ten 
housewives (33.3 %), and nine white-collared employees (29.9 %). The gender incidence of febrile 
patients studied was 12 males (40%) and 18 females (60%). The overall rate of reactivity was 23.3% 
in males and 43.3% in females. Among febrile patients, the highest reactivity rate was found in the age 
group 26-35 years when applying the STAT. While the highest reactivity rate was found among patients 
above 35 years old when applying the indirect Coombs' antihuman-globulin test (Table I).   
 

Table I   Significant STAT and positive Coombs' test among                                                                                   
febrile patients according to age incidence 

 

Coombs' test Standard tube agglutination test  

Age groups 
(years) Positive (%) No. of patients Significant (%) No. of patients 

0 (0 %) 1 0 (0 %) 1 Less than 12 

4(13.3 %) 12 2 (6.7 %) 12 12 – 25 

4(13.3 %) 4 3 (10 %) 4 26 – 35 

7 (23.4 %) 13 0 (0 %) 13 More than 35 

15 (50 %) 30 5 (16.7 %) 30 Total 

 

Regarding Brucella abortus and using the STAT, 10 specimens (38.5 %) were found positive among the 
26 febrile patients in contact with dairy animals or consuming unpasteurized dairy products. While two 
specimens (6.7%) were found positive among febrile patients not in contact with dairy animals or 
consuming unpasteurized dairy products. On the other hand, regarding Brucella abortus and using the 
indirect Coombs' antihuman-globulin test 16 specimens (61.5 %) were found positive among the 
febrile patients in contact with dairy animals or consuming unpasteurized dairy products. Two 
specimens (6.7%) were found positive among febrile patients not in contact with dairy animals or 
consuming unpasteurized dairy products. Furthermore, regarding Brucella melitensis and using the 
STAT 3 specimens (11.5 %) were found positive by among the 26 febrile patients in contact with dairy 
animals or consuming unpasteurized dairy products. Only one specimen (3.3%) was found positive 
among febrile patients not in contact with dairy animals or consuming unpasteurized dairy products.  
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Also, regarding Brucella melitensis and using the indirect Coombs' antihuman-globulin test 
11specimens (42.3 %) were found positive among the febrile patients in contact with dairy animals or 
consuming unpasteurized dairy products, and 3 specimens (10%) were found positive among febrile 
patients not in contact with dairy animals or consuming unpasteurized dairy products. Regarding 
Brucella abortus and using the STAT, no specimen was found positive among the healthy, control 
subjects whether they were in contact with dairy animals or consuming unpasteurized dairy products 
or otherwise. Secondly, regarding Brucella abortus and using the indirect Coombs' antihuman-globulin 
test 9 specimens (34.6 %) were found positive among healthy, control subjects in contact with dairy 
animals or consuming unpasteurized dairy products, and two specimens (8%) were found positive 
among healthy, control subjects not in contact with dairy animals or consuming unpasteurized dairy 
products. In addition, regarding Brucella melitensis and using the STAT, no specimen was found positive 
among the healthy, control subjects whether they were in contact with dairy animals or consuming 
unpasteurized dairy products or otherwise. Further, regarding Brucella melitensis and using the indirect 
Coombs' antihuman-globulin test 7 specimens (28 %) were found positive among healthy, control 
subjects in contact with dairy animals or consuming unpasteurized dairy products, and only one 
specimen (4%) was found positive among healthy, control subjects not in contact with dairy animals 
or consuming unpasteurized dairy products. A past history of brucellosis was given by 3 of the febrile 
patients (10 %). Two of them had significant sera, and all of them were in contact with dairy animals and 
gave a history of symptoms suggesting latent infection of brucellosis.  

Discussion 

Brucellosis has been known in Sudan since 1908 when Simpson10 reported the first case of 
Malta fever. Then in 1923, Archibald 11 reported Brucella infection, and in 1950 a report about 
undulant fever in Sudan was given by Haseeb12. This was followed in 1966 by Erwa who was able 
to isolate Br. abortus in Khartoum from human cases13. Animal brucellosis was reported in Sudan for the 
first time in 1943 by Bennett14 in a dairy herd in the vicinity of Khartoum. His diagnosis was based on 
a history of abortion, serological tests, and isolation of Br. abortus. In 1955, Evans15 reported the 
isolation of Brucella melitensis from the milk of cattle, sheep and goats in El Jazira Province (Sudan). 
Also Dafaalla and Khan16 isolated in 1958 Br. abortus and Br. melitensis from cows and goats 
respectively. Br. abortus was later isolated in 1974 by Ibrahim17 from cattle in Kuku Co-operative 
Dairy Farm in Khartoum North (Sudan). 

From all these reports, it is evident that brucellosis is not uncommon in Sudan. This implies a heavy 
burden on laboratory personnel to give the accurate diagnosis of the disease. In 1976 Henderson and his 
colleagues18 studied the correlation between serological and immunofluorescence results in the 
investigation of brucellosis in British veterinary surgeons. They concluded that the standard tube 
agglutination test (STAT) is satisfactory for the diagnosis of human brucellosis. The STAT may of great 
value in acute infection but it has a weak reaction in chronic and past infections of brucellosis. Due to 
past or latent infections, sera from normal population may agglutinate brucellae in low dilutions10. 
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The frequency rate is higher in rural than in urban communities16. The level of antibodies against 
Brucellae varies greatly from country to country both in quality and in quantity depending on the 
distribution of the causative organism among the population and on the degree of contact of people with 
dairy animals or their milk products 10. In Turkey, Ciftci and his colleagues3 compared the serological 
tests used for diagnosis of brucellosis. They gave a sensitivity of 94.3% for the STAT, and they 
concluded that Brucella indirect Coombs' antihuman-globulin test did not increase the chance of 
diagnosis of brucellosis, but it could be helpful for follow up of brucellosis3. Contact infections 
are mainly occupational, and it is mainly from cattle. It occurs in towns among slaughterers and meat 
packers, and in the country among the farming population who is exposed to infection from raw milk 9. 
In Argentine the proportions of sera agglutinating Br. abortus to 1/40 or over in milk and farm 
employees, slaughterers and veterinarians were 11.8 per cent, 10.8 per cent and 26.4 per cent 
respectively19. Omer and his colleagues 9 suggested that 75% of reactors in Sudan were in 
contact with cattle. In our report, the rate of reactivity was 56.6 per cent among persons in contact 
with cattle, sheep and goats. In people not in contact directly with such animals, the rate of reactors 
was 10 per cent. This may be attributed to the consumption of raw, unpasteurized milk rather than 
direct contact with dairy animals. This rate is considered high compared with figures reported in 
other countries4. Examination of single sera may suggest the diagnosis of the disease in patients 
presenting with symptoms of brucellosis, but a four-fold or greater rise in titre during the course of 
illness is a strong evidence for the diagnosis4. It was reported by the Public Health Laboratory 
Service in England and Wales that 69% of Brucella infection was in males. Also in 1977, Omer 
and his co-workers 9 reported a prevalence rate of 71.4% among members of Sudanese 
veterinary staff families and 28.6% among Sudanese male veterinarians. In our study the overall 
rate of reactivity by the STAT was 23.3% in males and 43.3% in females. Our finding confirms 
the high prevalence rate of brucellosis among females reported above. In their study which was 
carried out in Sudan, Omer and his co-workers9 found only one reactor with a past history of 
Brucella infection (2.3%). However in this context past history of brucellosis was given by five 
(16.7%) febrile patients. Among febrile patients, the indirect Coombs' antihuman-globulin test gave 
higher titres (61.5 % for B. abortus and 42 % for B. melitensis) compared with titres given by the STAT   
(38.5 % for B. abortus and 11.5 % for B. melitensis). This observation reflects the high sensitivity of 
the indirect Coombs' antihuman-globulin test in the diagnosis of chronic and past Brucella 
infections.  

After reviewing related literature in Sudan, the interpretation of STAT in the Sudan depends on the 
contact of patients with dairy animals or consuming unpasteurized dairy products9. Hence in patients 
in contact with dairy animals, a titre of 1:160 can be taken as suggestive, and a titre of 1:320 or 
over in such patients can be taken as significant and diagnostic of human brucellosis. Also for 
patients not in contact with dairy animals a titre of 1:80 can be taken as suggestive, and a titre of 
1:160 or over can be taken as significant and diagnostic of human brucellosis9.   

Conclusion: The STAT is the most practical and sensitive procedure for the diagnosis of acute 
brucellosis. The indirect Coombs' antihuman-globulin test is tedious and expensive, but it is more  
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sensitive and it can eliminate the prozone problem and diagnoses chronic and past infections of 
Brucella, and it could be helpful for follow up of brucellosis patients.  
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